Ret. No. SKSL/2018/GL, 001 Dare: 207 November, 2018

The Regstrar,
Natonal Electric Power Regulatory Authorizy
NEPRA Towers, Sector G-3/1. Islamsabad

Subject: APPLICATION FOR GRANT OF GENERATION LICENSE OF 50 MW
SOLAR PV PROJECT IN KOHAT-KPK, PAKISTAN

Dear Sir,

I, Mohammed Nasir Aku being the duly authorized representatve of Kohat 30MWp PV Project,
KPK- Pakistan by Board Resolution dated 15" of November hereby apply to National Electric
Power Authority for the Grant of Generadon License to Kohat 530MWp PV Project, KPK-
Pakistan pursuant to section 15 of the Regulation of Generation, Transmission and Distribution of
Electric Power Act, 1997,

I cerufyv that the documents-in-support attached with this applicaton are prepared and submutted in

conformity with the provisions of the Natonal Electric Power Regulatory Authority Licensin

Q9

)

(Applicaton and Modificadon Procedure) Reguladons, 1999 and undertake to abide by the terms

and provisions of the above-said regulatons. [ further undertake and confirm that the informadon

provided in the atrached documents-in-support 1s wrue and correct 1o the best of my knowledge in

beliet.

A BANK DRAFT in sum of Rupees 323,952 being the non-refundable license applicaton fec
Sched

calculated in accordance with ¢ dule II to the Natdonal Electric Power Repulatcry Authonmv
fo . R

4

Licensing {Application and Modificadon Procedure) Regulatons, 1999, 1s also atrached herewith.

ity

The application is fled in trplicate with all annexures appended with each set of the applicaton.

Mohammed Nasir Aku
Director
Kohat 50MWp PV Project, KPK- Pakistan
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EXTRACT OF THE MINUTES OF THE MEETING OF THE BOARD OF DIRECTORS OF SIDDIQSONS
KOHAT SOLAR LIMITED HELD ON AT 10:00 AM IN KARACHI

BOARD RESOLUTIONS:

The following resolutions were discussed in detail by the Board and approved unanimously:

“RESOLVED THAT SIDDIQSONS KOHAT SOLAR LIMITED (a company incorporated under the laws
of Pakistan with its registered office located at 27" floor, Ocean Tower, G-3, Main Clifton Road,
Karachi) (the Company) be and is hereby authorized to submit an application for the grant of a
generation license (including any modificadons thereto) by Natonal Electric Power Regulatory
Authority in respect of its 50 MW solar power generation project to be located at Kohat (the
Project) and in relation thereto, enter into and execute all required documents, make all filings and
pav all applicable fees, in each case, of any nature whatsoever, as required”.

“FURTHER RESOLVED THAT in respect of submitting an applicaton for the generation license
(including any modifications thereto) to National Electric Power Regulatory Authority, MR.
MOHAMMED NASIR AKU AS DIRECTOR be and are hereby empowered and authorized for and on
behalf of the Company to:

(1) review, execute, submit, and deliver the gencradon license applicatdon (including any
modifications thereto) for the generation license any related documentation required by
National Electric Power Regulatory Authority for the grant of the generation license,
including any contracts, affidavits, statements, documents, powers of attorney, letters, forms,
applications, deeds, guarantees, undertakings, approvals, memoranda, amendments, letters,
communications, notices, certificates, requests, statements and any other instruments of any
nature whatsoever;

(it) represent the Company in all negotatons, representations, presentations, hearings,
conferences and/or meetings of any nature whatsoever with any entity (including, but in no
manner limited to Natonal Electric Power Regulatory Authority, any private partes,
companies, partnerships, individuals, governmental and/or semi-governmental authorites
and agencies, ministries, boards, departments, regulatory authorities and/or any other entty
of any nature whatsoever);

(i11) sign and execute the necessary documentation, pay the necessary fees, appear before the
National Electric Power Regulatory Authority as needed, and do all acts necessary for
completion and processing of the generation license application (including any modifications
thereto) and procuring the generation license;

(iv) appoint or nominate any one or more officers of the Company or any other person or
persons, singly or jointly, in their discretion to make communicate with, make presentations
to and attend the National Electric Power Regulatory Authority hearings; and

27% Floor, Ocean Tower, G-3, Block-9, Scheme #5, Main Clifton Road, Karachi
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(v1) do all such acts, matters and things as may be necessary for carrying out the purposes
aforesaid and giving full effect to the above resolutions/resolution”.

“AND FURTHER RESOLVED THAT MR. MOHAMMED NASIR AKU AS DIRECTOR be and is hereby
authorized to delegate all or any of the above powers in respect of the foregoing to any other
officials of the Company as deemed appropriate.”

N T
— VT
TN N
-------- ¢ DDIIIIIXCII-'I'I'DD"'D""."
MR. REDA EL CHAAR
DIRECTOR

SIDDIQSONS KOHAT SOLAR LIMITED

27" Floor, Ocean Tower, G-3, Block-9, Scheme #5, Main Clifton Road, Karachi
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2/ SECURITIES AND EXCHANGE COMMISSION OF PAKISTAN

COMPANY REGISTRATION OFFICE, KARACHI

CERTIFICATE OF INCORPORATION
[Under section 32 of the Companies Ordinance, 1984 (XLVII of 1984)]
|
!

Corporate Universal Identification No. 0098052

I hereby certify that SIDDIQSOPIS KOHAT SOLAR LIMITED is this déy
incorporated under the Companies Ordinance, 1984 (XLVII of 1984) and that the ‘
company is limited by shares. / : ‘
{
Given under my hand at Karachl this engy Ninth day of Februaﬂ, TwoE
Thousand and Sixteen. :

Incorporation fee Rs. 7,000/= only

e - ! ; ) oo
(Sidney Custodio Pereira) |
Additional Registrar of Companics !
Karachi :

u? tified to be True Copy |
}\——_——/B/u/ 9 !

Joint Registrar of Companics
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II.

I1.

l.

THE COMPANIES ORDINANCE, 1984
-0 -
(COMPANY LIMITED BY SHARES)

- 0. -
Memorandum of Association

of
SIDDIQSONS KOHAT SOLAR LIMITED

The name of the Company is "SIDDIQSONS KOHAT SOLAR LIMITED".

The Registered Office of the Company will be situated in the Province of Sindh.
The objects for which the Company is established are to do all or any of the following:

To design, finance, insure, build, establish, own, operate, maintain, manage electric
power generating plants for the generation, supply & transmission of electric power and
in relation thereto, to establish, fix, carry out and maintain without limitation, any
ancillary works, cables, wires, meter, lines, interconnect facilities, grid stations,
transmission facilities, civil, electrical and mechanical works.

% r'ganﬂ,}zo carry on the business of power generation and

& aeg&umufétq.’ transmit, distribute and sell electric power

lic sector, including the Water and Power

ission and Dispatch Company, Government

ctoy subject to any permission required under
RS

To carry out a feasibility st
in relation thereto, to ge
anywhere in Pakista
Development Authori
and Government bodi
the Law.

&7

‘rwise acquire, construct, own, process,
operate and maintain bui atus, fixtures, fittings, plants, machinery,
materials, and things as may be necessary, incidental to or convenient in connection
with power generating plant for the generation of electric power and or in connection

with supply, transmission and distribution of electric power.

To enter into any agreement or agreements with any government or other authority,
supreme, municipal, local or otherwise, that may seem conducive to all or any of the
objects of the Company and/or to obtain from such government or authority including
the State Bank of Pakistan or National Electric Power Regulatory Authority (NEPRA)
any rights, concessions or privileges, licenses which the Company may think desirable
to obtain and to carry out, exercise and comply with any such arrangements, rights,
privileges, concessions and licenses.

Page 1lof7



10.

To buy, sell, manufacture, repair, alter, improve, exchange or let out, import, export and
deal in all works legally permitted, plant, machinery, engines, tanks, cylinders, valves,
regulators, testing equipment, tools, utensils, appliances, cookers, stoves, heaters,
apparatus, products, materials, substances, raw materials, chemicals, natural gas.
liquefied petroleum gas, fuel oil, coal, lubricants, articles and things and to
manufacture, experiment with, render marketable and deal in all products legally
permitted, incidental to or obtained in the business carried on by the Company.

To purchase, take on lease or tenancy or in exchange, hire, take options over or
otherwise acquire for any estate or interest whatsoever and to hold, develop, work,
cultivate, deal with and turn to account concessions, grants, decrees, licenses,
privileges, claims, options, leases, property, real or personal or rights or powers of any
kind which may appear to be necessary or convenient for the business of the Company
but not to act as a leasing company or property developer.

To sell, exchange, mortgage, let on royalty or tribute, grant licenses. easements, options
and other rights over and in any manner deal with or dispose of the Company’s property
or any part thereof for such consideration as may be thought fit and in particular for
stocks, shares or securities of any company but in any event not to act as an investment
company or leasing company.

To establish laboratories and to employ and promote scientific research and invention.
patronize such invention and enter into manufacture in collaboration with outside
parties for transfer of technology from abroad and to promote transfer of technology
from Pakistan abroad, and te.carry on business in all other allied fields permissible by
law. . '(e‘ ¢, '

) ey.;.‘g.f the Company not immediately for the time being
c#didi€ Company in such investments as may be thought

e Company only, to advance money upon such
terms as the Compa S8 , and to guarantee the obligations and contracts of
customers and others but not to act as a banking company.

To apply for, purchase or otherwise acquire and protect, prolong and renew whether in
Pakistan or elsewhere any patents, patent rights, brevets d’invention, trademarks.
design licenses, protections, concessions and the like conferring any exclusive or
non-exclusive or limited right to use any secret or other information as to any invention,
process or privilege which may seem capable of being used for any of the purposes of
the Company or the acquisition of which may seem calculated directly or indirectly to
benefit the Company and to use, exercise, develop, manufacture under grant, licenses,
privileges in respect of, or otherwise turn to account the property, rights and
information so acquired and to carry on any business in any way connected therewith.
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13.

14,

15.

16.

17.

To get insured against losses, damages, risks, accidents and liabilities of all kinds which
may affect the company whether in respect of its contracts, agreements, advances or
securities or in respect of servants or employees of the company, or in respect of
property belonging to or leased to or hired by the company, either by setting apart funds
of the company or by effecting such insurance and in later case to pay the premium
thereon.

To train personnel and workers, in Pakistan and/or abroad, to obtain technical
proficiency in various specialties connected with the business of the Company.

To undertake and execute any project the undertaking whereof may seem desirable, and
either gratuitously or otherwise.

To procure the Company to be registered or recognized in any foreign country or place.

To acquire and undertake all or any part of the business, property, goodwill and
liabilities of any person or company carrying on any business which the Company is
authorized to carry on or possessed of property suitable for the purposes of the
Company.

To adopt such means of making known the business and/or services of the Company as
may seem expedient and in particular by advertising in the press, or in the other media
or by way of participation in exhibitions.

For the purposes of the Company, to purchase, manage, acquire by lease, mortgage,
dispose of, sell, exchange, turn to account any part of the property and rights of the
Company.

To employ or appoint any 'U&b'(_{zveo;/s, consultants, advisers, contractors
(including O&M contractors), g\l%m tha’(pi‘nsurance brokers and stock brokers
he .

in connection with the busine ¢
' L )
ac
ies

3

Company, either in cash or fully paid
TRy In %ﬁe mode and partly in another and
etergRineR . &

Only in connection with the busines . mpany to open and operate any current,
overdraft, loan, fixed or savings bank accounts for the Company, and draw, make,
accept, discount, endorse, execute and issue promissory notes, bills of exchange, bills
of lading and other negotiable or transferable instruments or securities and to deposit
money, securities or property with any persons, firm or company and on any terms with
or without security and to advance money to the Company’s executives, officers and
employees/agents/customers and others having dealings with the company but in any
event not to act as an investment, banking or finance company.

To pay for any property or ri
shares or by the issue of se
generally on such terms as ma

In connection with the business of the Company only, to give guarantees and
indemnities for the payment of money or the performance of contracts or obligations by
this Company but in any event not to act as an investment, banking or finance company.
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23.

24.

26.

217.

28.

29.

30.

31

In connection with the business of the Company only, to borrow and where required. to
secure the payment of money in such manner as the Company shall think fit and in
particular by the creation of mortgages and charges over the (present and future)
property, assets and/or undertaking of the Company and/or by issue of debentures,
participation term certificates, term finance certificates and other securities charged
upon all or any of the Company’s property both present and future, and to purchase,
redeem and pay off any such securities.

To lawfully raise moneys in such manner as the Company shall think fit and in
particular by the issue of such securities, bonds and instruments payable to bearer or
otherwise, and either permanent or redeemable or repayable convertible into shares and
collaterally to secure the repayment of any such moneys so raised or any such securities
or instruments of the Company by means of a trust deed or otherwise.

To take, or otherwise acquire, and hold shares in any other company having objects
altogether or in part similar to those of this Company or carrying on any business
capable of being conducted so as directly or indirectly to benefit this Company but in
any event not to act as an investment company.

To issue all or any part of the original or enhanced share capital of the Company at par
or at a premium or discount subject to any permission required under the law.

To enter into partnership or into any agreement or agreements for sharing profits, union
of interests, cooperation, joint venture, reciprocal concession and/or facilities with any
person or company whether or not having objects similar to those of this Company but
in any event not to act as managing agents.

So far as is permissible in.law, to offer stock option schemes to employees, to grant
funds, donations, ane '(QQQ, pensions, allowances, gratuities, bonuses to any employees
or Directors or \;yees of the Company or any dependent thereof or to any
charitable, relj n.sciéq;ific, educational, industrial institutions or
W reeit, gratuity and/or superannuation funds for the
ifectors or former directors of the Company

. . N
promotion, formatIQ# ieg@brl'“ %
development costs inCwxtfariretiier before or after the incorporation of the Company)

by the sponsors of the Company in connection with any project of the Company.

To pay brokerage or commission to any person or persons in consideration of his/their
subscribing, or agreeing to subscribe, whether absolutely or conditionally, for any
shares or debentures of the Company, or for procuring or agreeing to procure
subscriptions whether absolute or conditional for the same which brokerage or
commission may be paid either in cash or shares of the Company. credited as fully paid
up, but not to act as an insurance agents and insurance brokers.

To distribute any of the Company’s property among the members in the event of
winding up of the Company.
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33.

34,

35.

36.

37.

38.

To amalgamate, consolidate, or merge, either in whole or in part, with or into any other
companies, associations, firms or persons carrying on any trade or business of a similar
nature to that which this Company is authorized to carry on.

To resolve, settle disputes by negotiation, conciliation, mediation, arbitration, litigation
or other means, judicial or extra judicial, and to enter in compromise agreement with
creditors, members and any other persons in respect of a difference or dispute with
them and to exercise the power to sue and be sued and to initial or oppose all actions,
steps, proceedings or application which may seem calculated directly or indirectly to
benetit or prejudice, as the case may be, the interest of the Company or of its members.

To do all or any of the things herein in any part of the world either as principals, agents,
contractors or otherwise, and either alone or in conjunction with others but in any event
not to act as managing agents.

To provide engineering, construction, consultancy and design services and radio and
other communication systems and services, and any facilities, equipment and
installations whether related to such services and systems or otherwise.,

To carry on any other business whether manufacturing or otherwise that may seem to
the Company capable of being conveniently carried on in connection with the above
objects or calculated directly or indirectly to enhance the value of or render profitable
any of the Company’s property or rights or which it may be advisable to undertake with
a view to improving , developing, rendering or turning to account any property real or
personal belonging to the Company or in which the Company may be interested and to
do all or any of the above things either as principals, agents, contractors or otherwise,
and elther a]one or in conJunctlon ) others and either by or through agents,
rgsinatip - do all such things as are incidental or
' Yggbgec{'sbut in any event not to act as managing

Mproper or incidental or conducive to the

¢ attainment of any of the objects or the
5 set forth, either alone or in association
with other corporate bodies, fi ;, g1v,1d,uals or with any Government authority or
public or quasi-public authority O

ary-other authority, and to do every other act or
thing incidental or impertinent to or arising out of or connected with the business or
powers of the Company or part thereof, provided the same be lawful.

It is expressly declared that all the powers expressed therein are to be cumulative but in
no case unless the context expressly so requires is the generality of any one sub-clause
to be narrowed or restricted by the name of the Company or by the particularity of
expression in the same sub-clause or by the application of any rule of construction such
as the ejusdem generis rule, and accordingly none of such sub-clauses or the objects
therein specified or the power thereby conferred shall be deemed subsidiary or
auxiliary merely to the objects mentioned in any other sub-clause of this clause, and the
Company shall have full power to exercise all or any of the powers conferred by any
part of this clause in any part of the world.
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40.

4].

V.

IT IS HEREBY UNDERTAKEN that the Company shall not engage in the banking
business, business of a finance, investment, leasing or insurance company, or as a
Modaraba Management Company, or the business of land development or a managing
agent or any unlawful business and that nothing in the objects clause shall be construed
to entitle it to engage in such business.

AND that none of such-clauses or the objects therein specified or the powers thereby
conferred shall be or be deemed to be subsidiary or ancillary or ancillary merely to the
objects mentioned in any of the other sub clause of this clause or any of them but the
Company have full power to exercise all or any of the power conferred by any part of
this clause in any part of the world, notwithstanding that the business undertaking
property rights or acts proposed to be transacted, acquired, dealt with or performed do
not fall within the objects of the earlier or any other sub-clauses of this clause or any of
them.

It is hereby undertaken that the Company shall not engage in banking business or
Forex, illegal brokerage, or any business of investment company or non-banking
finance company or insurance or leasing or business of managing agency or in any
unlawful business and that nothing contained in the object clauses shall be so construed
to entitle it to engage in such business directly or indirectly and the Company shall not
launch multi-level marketing (MLM), Pyramid and Ponzi schemes.

Notwithstanding anything stated in any object clause, the company shall obtain such
other approval or license from Competent Authority, as may be required under any law
or the time being in force, to undertake a particular business.

The liability of the Members 1s limited.

ompany is Rs.10,000,000 (Rupees: Ten Million Only)
10n Shares only) shares of Rs.10 (Rupees Ten only)
pany . gpemflcal y, to increase the authorized share capltal

divided into 1, 94
each with pow
o

vary, modify or abrogate any such rights, privileges or conditions in such manner as
may for the time being be provided by the Articles of Association of the Company in
accordance with law.
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We, the several persons whose name and addresses are subscribed below, are desirous of being
formed into a Company in pursuance of this Memorandum of Association, and we respectively
agree to take the number of shares in the Capital of the Company indicated herein below

against our respective names:

! S. | Name & Surname NIC No. (In Case Of | Nationality With Residential Number Of Signatur
‘ (Present & Former) / | Foreigner, Passport Any Former Address In Shares Taken | e of the
No. No.) Nationality And Full By Each Subscri
Father / Husband Occupation Subscriber ber
Names In Full Block
Letters.
1 Mr. Abdur Rahim PAKISTAN House No. 25,000
34-H-1,
S/0 Muhammad 42201-0409988-5 Business Block-6, (Twenty Five
Tariq Rafi PE.C.HS. Thousand
Karachi. Shares)
2 Mrs. Anum Abdur House No. 24,999
Rahim 34-H-1,
Block-6, (Twenty Four
W/O Abdur Rahim PE.C.H.S. Thousand
Karachi. Nine Hundred
Ninety Nine
Shares)
3 Mr. Muhammad gm% House No. 1
Ahmed S/O Haji A-189/17,
Tbrahim N rate Rahimabad, | (One Share)
42101-1426211-1 Executive Federal B
Area,
Azizabad,
Karachi.
Total 50,000
Number of
Shares. (Fifty
Thousand
Shares)

Dated the 22" day of February 2016
Witness to above signatures.

Name: National Institutional Facilitation Technologies (Pvt.) Ltd.

Nationality: Pakistani

Address: 5th Floor, AWT Plaza, I. I. Chundrigar Road, Karach

%

)

| ENSY

O
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THE COMPANIES ORDINANCE, 1984
-1 0 --
(COMPANY LIMITED BY SHARES)

-0 -
Articles of Association
of

SIDDIQSONS KOHAT SOLAR LIMITED

I. PRELIMINARY

TABLE “A” Not to Apply

The regulations in Table ‘A’ in the First Schedule to the Companies Ordinance, 1984
shall not apply to the Company except so far as the same are repeated or contained in
these articles.

DEFINITIONS

Unless the context otherwise requires, the terms used in these articles shall have the
meanings set out below:

(a)

(b)

()

(d)

(e)
(f)

(2)

(h)

“Articles” mean these articles of association of the company as originally framed
or as from time to time altered by in accordance with the law.

“Board” means the group of directors in a meeting duly called and constituted or,
as the case may be, the directors assembled at a board.

“Book and paper”, “book or paper” or “books of ac
vouchers, writings and documents, maintained o
floppy, diskette, magnetic cartridge tape, CD E&her q:omputer
readable media; " $

“Buy-back of shares rules” mean the Companie'a qu Shares) Rules,
1999 or any modification or re-enactment thereof.

Sua"fg"dbg}unts deeds,
§p&a§pc,gmpumr\ network,

“Company” means Siddigsons Kohat Solar Limited. .

“Central depository” means a central depository as defined in clause (ca) of
section 2 of the Securities and Exchange Ordinance, 1969 (XVII of 1969) and
registered with the Securities and Exchange Commission of Pakistan under
section 32 A of the said ordinance.

“Central Depositories Act” means the Central Depository Act, 1997 or any
modification or re-enactment thereof.
“Central Depository Regulations” mean the central depository company of

Pakistan limited regulations made pursuant to section 35(1) of the Central

Depository Act, 1997 or any modification or re-enactment thereof.
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)
9]

M

(m)

(n)

(0)

(P

)

(r)

(s)
Q)

(W)

v)
(w)
(x)

(y)

“Central Depository Register’” means a computerized electronic register maintained by
a central depository in respect of book-entry securities.

“Code” means the code of corporate governance.

“Commission” means the Securities and Exchange Commission of Pakistan established
under section 3 of the Securities and Exchange Commission of Pakistan Act, 1997.
“Directors” mean the directors for the time being of the company including alternate
directors and, subsequently elected pursuant to Companies Ordinance, 1984 or as the case
may be, the directors assembled at a board.

“Dividend” includes cash dividend, dividend in species and bonus shares.

“Electronic” includes electrical, digital, magnetic, optical, bio-metric, electro-chemical,
wireless or electromagnetic technology.

“Electronic transactions ordinance” means the Electronic Transactions Ordinance,
2002 or any modification or re-enactment thereof.

“In Person” includes attendance and/or voting at a meeting, personally or by video or
telephone-conference or other facility whereby all the participants of the meeting can hear
and / or see each other unless expressly stated otherwise by the directors.

“Instrument of transfer” includes transfer deeds and any record of transfer of book-
entry securities in the central depository register, provided by the central depositories act
and the central depository regulations.

“Issue of capital rules” means Companies (issue of capital) Rules, 1996 or any
modification or re-enactment thereof.

“Listing requirements” mean the listing regulations of the stock exchanges.

“Member” means a person whose name is for the time being entered in the register of
members by virtue of his being a subscriber to the memorandum of association of the
company or of his holding by allotment or otherwise any share, scrip or other security
which gives him a voting right in the company including but not limited to the account

holders of a central depository.
“Memorandum” means the memorandum of association of the company as originally
framed or as fr ey t,une altered in accordance with law.

“Month” me_ é‘alendar month accordmg to the Engllsh calendar.

conditions attaching thereto as are provided by the articles.

(z) “Preference shareholders” not being ordinary shareholders mean, in relation to
the Company, every person to whom the company has allotted, or who becomes
the holder of such shares and whose name is entered in the register of members.
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(b)

(c)
(d)

(aa)  “Proxy” includes an attorney duly constituted under a power of attorney.

(ab)  “Record” includes, in addition to a written or printed form, any disc, tape, sound-
track, film or other device in which sounds and / or other data is embodied so as to be
capable (with or without the aid of some other instrument or machine) of being
reproduced there from in audible, legible or visual form.

(ac)  “Register” means, unless the context otherwise requires, the register of members
and include the register of debenture-holders or holders of other securities
maintained on paper or computer network, floppy, diskette, magnetic cartridge
tape, CD-Rom or any other computer readable media; to be kept pursuant to section
147 of the ordinance and / or central depository register under the central
depositories act and the central depository regulations.

(ad)  “Registrar” means a registrar, defined in section 2 (1) (31), performing the duty of
registration of companies under the ordinance.

(ae) “Regulations” mean the rules of governance of the company made by the board
from time to time.

(af)  “Seal” means the common or official seal of the company.
(ag) “Section” means section of the ordinance.

(ah)  “Share Capital Rules” mean the companies’ Share Capital (Variation in Rights
and Privileges) Rules, 2000.

(ai)  “Sign” and “Signature” unless otherwise provided in these articles, include
respectively lithography, printing facsimile, “advanced electronic signature” which is
capable of establishing the authenticity and integrity of an electronic document, as
defined by section 2(e) of the electronic transactions ordinance, and names
impressed with a rubber or other kind of stamp.

(a))  “Special Resolution” means the special res IS
et : N 4
section 2(1) (36) of the ordinance. & Karachi %,

orgsatmKarachj stock exchanges and
lis l{star};,
“

company as defined in

(ak)  “Stock Exchanges” mean the Islamaba
such other stock exchanges as may be

INTERPRETATION

the singular includes the plural and vice versa and Words denoting any gender shall

include all genders;

references to any act, ordinance, legislation, the code, the listing requirements, rules or
regulations or any provision of the same shall be a reference to that act, ordinance,
legislation, the code, the listing requirements, rules or regulations or provisions, as
amended, re-promulgated or superseded from time to time;

the terms “include” or “Including” shall mean include or including without limitation;

Expressions referring to writing shall, unless the contrary intention appears, be construed
as including references to printing, lithography, photography, and other modes of
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representing or reproducing words in a visible form, including but not limited to,
electronic transmission such as facsimile, and electronic mail or any other electronic
process, as prescribed by section 3 of the electronic transactions ordinance.

(e) words importing persons shall include bodies corporate; and

® words and expressions contained in these articles shall bear the same meaning as in the
ordinance.

REGISTERED OFFICE

4, The registered office of the company shall be in the Province of Sindh as the directors

shall from time to time appoint.

PUBLIC LIMITED COMPANY

5. The company is a public limited company within the meanings of section 2(1), Clause
(30) of the Companies Ordinance, 1984.

BUSINESS

6. All branches or kind of business which the company is either expressly or by implication
authorized to undertake may be undertaken by the directors at such time or times as they shall
think fit, and further may be allowed by them to be in abeyance, whether such branch or kind
of business may have been actually commenced or not, so long as the directors may deem it
expedient not to commence or proceed with such branch or kind of business.

I1. CAPITAL
SHARES

7. The minimum Subscription upon which the Directors may proceed to make First
Allotment is fixed at Rs.500,000/- (Rupees: Five Hundred Thousand Only).

8. The Authorized Capital of the Company is Rs.10,000,000/- (Rupees Ten Million Only)
divided into 1,000,000 (One Million Only) (ordinary shares of Rs.10/= (Rupees Ten
Only) each;-but the Company may from time to time by a Special Resolution increase,

g lédﬁml;d Sub divide, reduce or otherwise re-organize the share capital of the

q&basy subject to the provxslons of Section 108 of the Companies Ordinance, 1984

n §0 ‘of the ordinance and any rules in that regard made under the
,@Qut prejudice to any special rights previously conferred on the holders

adyy or class of shares, any share in the company may be issued with
ies%}{t& ictions and privileges, including but not limited to the following as
sappEexsd by the company by special resolution:

(1)  different voting rights; voting rights disproportionate to the paid-up value of share
held; voting rights for specific purposes only; or no voting rights at all;
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10.

11

12.

(2)  different rights for entitlement of dividend, right shares or bonus shares or
entitlement to receive the notices and to attend the general meetings,

(3) rights and privileges for indefinite period, for a limited specified period or for
such periods as may from time to time be determined by the company;,

4) different manner and mode of redemption, including redemption in accordance
with the provisions of these articles, subject to sections 85 and 95 (4) of the
ordinance, including but not limited to, by way of conversion into shares with
such rights and privileges as determined by the company in the manner and mode
provided in these articles; and

(5)  Different rights and privileges for listing or non-listing of any class of shares.

Subject to section 95(4)(a) of the ordinance and any rules in that regard made under the
ordinance, the company may issue shares which are to be redeemed or any other
redeemable security, on such terms and in such manner as may be provided in the said
section and rules.

Subject to provisions of the ordinance and these articles and subject to any special rights
or privileges for the time being attached to any issued shares, the shares in the capital of
the company for the time being, including any new shares resulting from an increase in
the authorized capital, shall be under the control of the directors who may allot or
otherwise dispose of the same or any of them to such persons (subject to article 43), on
such terms and conditions, and with such rights and privileges annexed thereto as the
resolution creating the same shall direct, and if no direction be given, as the directors
shall determine and at such times and in such manner as the directors think fit, either at
par or at a premium or subject to section 84 of the ordinance at a dj Blisalil power to
the directors to give any person the right to call for and be allot gfmnoy»glass of
the company at par or at a premium or, subject as aforesaid, Sdis :
being exercisable at such time, and for such consideration fagth _
Provided that the shares in the capital of the company shall alA&%s b Q;.fully pf&lid
shares and no shares shall be issued as partly paid shares. The mctdvﬁbﬁ{'as regards
any allotment of shares, duly comply with such of the provisions f%me’lf}ﬁ 73, the
central depositories act, the central depository regulations, the iss al rules and
the share capital rules, as may be applicable to the company. ]

The directors may allot and issue shares in the capital of the company as payment or part
payment for any property sold or transferred, or for services rendered, to the company in
the ordinary course of its business, and shares so allotted shall be issued as and shall be
deemed to be fully paid shares.

The board shall, as regards any allotment of shares, duly comply with such provisions of
sections 67 to 73 of the ordinance as may be applicable.
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14.

15.

16.

17.

18.

19.

20.

The company may at any time pay a commission to any person for subscribing or
agreeing to subscribe (whether absolutely or conditionally) for any shares, debentures or
debenture stock in the company or procuring or agreeing to procure subscriptions
(whether absolutely or conditionally) for any shares, debentures or debenturc stock in the
company; Provided, that, if the commission in respect of shares shall be paid or payable
out of capital, the statutory requirements and conditions shall be observed and complied
with, and the amount or rate of commission shall not exceed such percentage on the
shares, debentures or debenture stock in each case subscribed or to be subscribed, as may
be determined by the board subject to any limits required by law. The commission may
be paid or satisfied, either wholly or partly, in cash or in shares, debentures or debenture
stock. The company may also on any issue of shares pay such brokerage fees as may be
lawful; Provided that such brokerage fees shall not exceed such percentage of the shares,
debentures or debenture stock paid-up as may be determined by the board, subject to any
limits required by law.

Subject to section 95A of the ordinance and any rules in that regard made under the
ordinance, the company may purchase its own shares on such terms and in such manner
as may be provided in the said section and rules.

Except as permitted in the ordinance and any rules in that regard made under the ordinance,
no part of the funds of the company shall be employed in the purchase of its own shares or in
giving, whether directly or indirectly and whether by means of a loan, guarantee, security or
otherwise, any financial assistance for the purpose of or in conncction with a purchase made
or to be made by any person of or any shares in the company.

Except as required by law, no person shall be recognized by the company as holding any
share upon any trust, and the company shall not be bound by or be compelled in any way
to recognize (even when having notice thereof) any equitable, contingent, future or partial
interest in any share or any interest in any fractional part of a share or (except only as by
these Articles or by law otherwise provided or under an order of a court of competent

jurisdiction) any, ¢ other rights in respect of any share except any absolute right to the entirely

thereof i eggeghsgﬁredkgn absolute right to the entirely thereof in the registered holder.

rw1se provnded the company shall be entitled to treat the registered
s the absolute owner thereof and accordingly shall not, except as
Of e,’s;—)mpetent jurisdiction or as by statute required, be bound to
¢ notice thereof) any benami, equitable, contingent, future,
ht to or interest in such share on the part of any other person.

Shares may 1stered in the name of persons, any limited company or other corporate
body. Not more than four persons shall be registered as joint-holders of any share.

If any share or shares stand in the name of two or more persons, the person first named in
the register shall, as regards receipt of dividend or bonus or service of notices and all or
any other matters connected with the company except voting at the meeting and the
transfer of shares, be deemed the sole holder.
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RIGHTS PRIVILEGES AND CONDITIONS ATTACHED TO SHARES

21.

22.

22.

23.

24.

As regards income, the profits which the company may determine to distribute in respect
of any financial year or other period for which the accounts shall be made up, shall be
applied in the following order of priority;

(1) In paying the holders of the preferences shares, the right to a cumulative preferential
dividend as determined by the board on the capital paid up thereon payable as regards
each financial year out of the profits of the company resolved to be distributed in
respect of that year, but shall not be entitled to any further participation in profits; and

(2) Subject to the rights of any class of shares for the time being issued, in distributing
the balance amongst the holders of the ordinary shares according to the amounts paid
up on the ordinary shares held by them respectively.

As regards conversion, the company may partly or wholly convert the preference shares
at the option of the holders of the preference shares in accordance, respectively, with the
terms and conditions of their issue.

As regards capital, on a return of capital in a winding up or otherwise (except upon the
redemption of shares of any class of preference shares or the purchase by the company of
its own shares), the surplus assets of the company remaining after payment of its
liabilities shall be applied in the following order of priority:

(1) in paying to the holders of the preference shares, the capital paid up on the same
without any further right to participate in profits or assets; and

(2) subject to the rights of any other class of share
distributing the balance amongst the holders of t
amounts paid up on the ordinary shares held by t

Tw S, the being issued, in
1

@'ﬁ\méhfgf‘% according to the
f re:s gﬂy «

*
€
As regards entitlement to bonus or right shares, the

be entitled to bonus or right shares in the event that
the issue of further shares or otherwise.

As regards voting rights, the holders of the preference shares shall not be entitled to receive
notice of, attend, or vote at, any general meeting of the company, except as otherwise
provided by the ordinance, whereby the holders of such shares would be entitled to vote
separately as a class, that is, with respect to voting entitlement of the preference shareholders
on matters affecting, respectively, their substantive rights and liabilities. Without prejudices
to the foregoing, the holders of preference shares may attend the general meeting of the
company as observers with prior permission of the chairman.

CERTIFICATES

25.

The Certificates of title to shares and duplicate thereof shall be issued under the seal of
the company and signed by two of the directors or by one such director and the secretary
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26.

27.

28.

29.

provided that such signatures may if necessary be printed lithographed or stamped subject
to the approval of the directors.

Every member shall be entitled to one certificate for all the shares registcred in his name,
or, if the directors so approve, to several certificates each for one or more of such shares,
but in respect of each certificate for less than one hundred shares, the directors shall be
entitled to charge a fee of Rupees 10 or such lesser sum as they may determine. Every
certificate of shares shall specify the number and denoting numbers of the shares in
respect of which it is issued.

The company shall within ninety days after the allotment of any shares, debentures or
debenture stock and within forty-five days (or where the transferee is a central depository,

within five (5) days) after receipt by the company of the application for transfer of any such
shares, debentures or debenture stock complete and have ready for delivery the certificate
(such expression shall hereinafter be deemed to include book-entry security as defined in the
central depositories act, and the central depository regulations) of all shares, the debentures
and the certificate of all debenture stock allotted or transferred, and unless sent by post or
delivered to the person entitled thereto within the period aforesaid the company shall
immediately thereafter give notice to that person in the manner prescribed in these articles for
the giving of notices to members that the certificate is ready for delivery.

If a certificate of shares, debenture or debenture stock is proved to the satisfaction of the
company to have becn lost or destroyed or, being defaced or mutilated or torn, is
surrendered to the company, and the company is requested to issue a new certificate in
replacement thereof, the company shall, after making such enquiry as it may deem fit,
advise the applicant within thirty days from the date of application the terms and
conditions (as to indemnity and otherwise and as to payment of the actual expenses
incurred on such enquiry and of a fee not exceeding ten rupees) on which the company is
prepared to issue a new certificate and a time for compliance therewith or of the reasons
why the company is unable to issue a new certificate, as the case may be, and in the
form r'(:eiﬁe ‘if-the applicant shall within the time allowed comply with the terms and
g TCE g . . ) .

_S(éﬁi‘q\s speéLf;ed, the company §ha!l issue a new certificate to the applicant within

iigfé_gia&from the date of application.

> :
sergprh

ec epyshill not be bound to issue more than one certificate in respect of a share or
Qli}f/ wo or more persons and delivery of a certificate for a share to any
4hall be sufficient delivery'to all..

TRANSFER ANSMISSION

30.(1) The directors shall not refuse to register the transfer of fully paid shares unless the instrument

of transfer is defective or invalid or is not accompanied by the certificate of the share(s) to
which it relates. The directors may also decline to recognise any instrument of transfer
unless it is accompanied, in addition to the certificate of the shares to which it relates, by
such other evidence as the directors may reasonably required to show the right of the
transferor to make the transfer. The directors may waive the production of any certificate
upon evidence satisfactory on them of its loss or destruction.
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(2) If the directors refuse to register a transfer of any shares they shall, within thirty (30) days
(or where the transferee is a central depository, within five (5) days) after the date on
which the instrument of transfer was lodged with the company, send to the transferee
and the transferor notice of the refusal indicating the reason for such refusal; provided
that if the directors refuse to register a transfer of shares on account of a defect in or the
invalidity of the instrument of transfer, the transferee shall be entitled, after removal of
such defect or invalidity, to re-lodge the instrument of transfer with the company.

31. Shares in the company shall be transferred in accordance with the central depositories act
and the central depository regulations. If the shares of the company are not registered in
the central depository, the same may be transferred through the instrument of transfer.
The instrument of transfer of any share shall be in writing in the usual common form, or
in the following form, or as near thereto as circumstances will admit:

son/daughter/wife of ............ ...l being a national(s) of

........................................... in consideration of the sum of Rupees

....................................... only (Rs. ....................) paid to me/us by
.................................. of ................................ son/daughter/wife of
............................. being a national(s) of ...................... (hereinafter called the ‘said

transferee(s)’) do hereby transfer to the said transferee(s) share(s) numbered standing in
my/our name(s) in the books of SIDDIQSONS KOHAT SOLAR LIMITED, to hold onto
the said transferee(s) his/her/their executors, administrators and as signs, subject to the

several conditions on which I/we hold the same at the time of execution hereof, and I/'we the

s
«
As witness our hands the ............ dayof ........... c!; . :’
“\/ﬂ’éf "
Signed by the said transferor in the Transferor atéﬂ,ﬁr. .,,.\Q,"f ..............
. (‘\:

presence of

Witness T..oooi WItness 2 .....ooovivivieiie
Oceupation ........oovviii i, Occupation..........c.ooeovviiiiiinn i
Address. ..o Address. ....ooooviiii
Signed by the said transferee in Transferee’s signature

the presence of Transferee’s occupation
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WiItness 1 ..ot WINESS 2 o

Occupation Occupation

Address.......... Address.........ooo

32. No transfer shall be made to a minor or person of unsound mind.

33. All registered instruments of transfer shall be retained by the company, but any
instrument of transfer which the directors may decline to register shall be returned to the
person depositing the same.

34. The instrument of transfer of any share in the company shall be duly stamped and exccuted
both by the transferor and transferee, and the transferor shall be deemed to remain holder of
the share until the name of the transferee is entered in the register in respect thereof.

35. On giving seven days previous notice in the manner provided in the ordinance and articles,
the transfer books and register may be closed during such time as the directors think fit, not
exceeding in the whole forty-five days in each year, but not exceeding thirty days at a time.

36. Any member may make and deposit with the Company a nomination in writing

specifying one or more eligible persons who or each of whom, in the event of the death of
the Member, may be entered in the Register as the holder of such number of shares
specified in the nomination for such nominee or each such nomince of which the member
remains the registered holder, at the date of his death. A person shall be eligible for
nomination for the purposes of this Article only if he is a spouse, parent, brother, sister or
child of the member nominating him and the applicable relationship all should be
specified in the nomination in respect of each nominee. A member may at any time by
notice in writing cancel, or by making and depositing with the company another
nomination before his death vary any nomination already made by him pursuant to this
Article. In the event of the death of a member any person nominated by him in
accordance with this Article may, on written application accompanied by the relative
share certificates and evidence establishing the death of the member, request the
company to register himself in place of the deceased member as the holder of the number
of shares for which the nomination in his favour had been made and deposited with the
\\@1\31}'&10 shall appear to the Directors that it is proper so to do, the Directors
the nominee as the holder of those shares in place of the deceased member.

(24
}‘ ‘\‘:ac dc:ath of a member who was a joint-holder of shares the survivor or
2 the: only persons recognized by the company as having any title to his
'/&gﬁ the deceased member was a sole holder of shares, the nominee or

d% Ked where a nomination under Article 37 is effective, and the legal
resfmafives, executors or administrators, of the deceased where no such
R en made and deposited with the company, shall be the only persons
recognized by the company as having any title to his interest in the shares.

(b) Before recognizing any legal representative or executor or administrator, the Directors
may require him to obtain a grant of succession certificate or probate or letters of
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37.

38.

39.

40.

administration or other legal representation, as the case may be, from some competent
Court in Pakistan having effect in Karachi; provided nevertheless that in any case
where the Directors in their absolute discretion think fit, it shall be lawful for the
Directors to dispense with the production of succession certificates or probates or
letters of administration or such other legal representation, upon such terms as to
indemnity or otherwise as the Directors, in their absolute discretion, may consider
necessary.

The executors or administrators or the nominee appointed under section 80 of the
ordinance of a deceased member (not being one of several joint-holders) shall be the only
person recognized by the company as having any title to the shares registered in the name
of such member, and in case of the death of any one or more of the joint-holders of all
registered shares (such expression shall hereinafter be deemed to include registration as a
sub-account holder of a central depository under the central depositories act and the
central depositories regulations) ,the survivors shall be the only persons, recognized by
the company as having any title to or interest in such shares, but nothing herein contained
shall be taken to release the estate of a deceased joint-holder from any liability on shares
held by him jointly with any other person. Before recognizing any executor or
administrator, the directors may require him to obtain a grant of probate or nomination as
mentioned above or letters of administration or other legal representation, as the case may
be, from some competent court in Pakistan having effect in Karachi. Provided
nevertheless that in any case where the board in their absolute discretion think fit, it shall
be lawful for the directors to dispense with the production of probate or letters of
administration or such other legal representation upon such terms as to indemnify or
otherwise as the directors, in their absolute discretion, may consider necessary.

Any person becoming entitled to a share in consequence of the death or insolvency of a
member may upon such evidence being produced as may from time to time properly be
required by the Directors and subject as hereinafter provided, el gy Pe registered
himself as the holder of the share or instead of being regist. é‘)})mgh;{?@ake such
transfer of the share or instead of being registered himself, ha . ‘Irans‘fer of the
share as the deceased or insolvent person could have ma

rs ghall, i
either case, have the same right to decline or suspend regist a.on puld have hdd
in the case of a transfer of the share by that member before %eaf x&,@'ﬂ@venoy as the
case may be.
Any committee or guardian of a lunatic or minor member }3
entitled to a share in consequence of the death or bankruptcy or msolvency of any
member upon producing such evidence that he sustains the characters in respect of which
he proposes to act under this article, or of his title, as the directors think sufficient, shall
have the right to be registered as a member in respect of such share, or may, subject to the
regulations as to transfer hereinbefore contained, transfer such share.

Neither the company nor the directors nor any other officer of the company shall incur any
liability for registering or acting upon a transfer of shares apparently made by sufficient
parties, although the same may, by reason of any fraud or other cause not known to the
company or the directors or any other officer of the company, as aforesaid, be legally
inoperative or insufficient to pass the property in the shares proposed or professed to be
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transferred, and although the transfer may, as between the transferor and transferee. be
liable to be set aside, and, notwithstanding that the company may have notice that such
instrument of transfer was signed or executed and delivered by the transferor in blank as
to the name of the transferee or the particulars of the shares transferred, or otherwise in
defective manner. And in every such case the person registered as transferee, his
executors, administrators and assigns alone shall be entitled to be recognized as the
holder of such shares and the previous holder shall, so far as the company is concerned,
be deemed to have transferred his whole title hereto.

ALTERATION OF CAPITAL

41.

42.

43,

44.

The company may by ordinary resolution and subject to compliance with the
requirements of section 92 of the ordinance increase the authorized share capital by such
sum, to be divided into shares of such amount, as the resolution shall prescribe.

Subject to the provisions of section 92 (1) (d), 92(3) and 93 and section 13 of the central
depositories act, the company may, by ordinary resolution;

(a) consolidate and divide its share capital into shares of larger amount than its
existing shares;

(b) by sub-division of its existing shares or any of them, divide the whole or any part
of its share capital into shares of smaller amount than is fixed by the
memorandum of association;

(c) cancel any shares which, at the date of the passing of the resolution, have not been
taken or agreed to be taken by any person.

The directors may from time to time increase the issued share capital by such sum as they
think fit. Except as otherwise permitted by section 86 of the ordinance , rule S of share capital
rules, the listing requirements and section 14 of the central depositories act, as are applicable
to the company and subject to any special rights or privileges for the time being attached to
any issued shares, all shares intended to be issued by the directors shall, before issue, be
offered to the members strictly in proportion to the amount of the issued shares held by each
member (Irrespective of class); provided that fractional shares shall not be offered and all
fractions less than a share shall be consolidated and disposed of by the company and the
proceed‘s%mrm-sqch dnsposmon shall be paid to such of the entltled members as may have

samfe in such manner as they think fit. In respect of each such offer of
t@s ,gh,a'll comply with the provmons of section 86 of the ordmance dnd in

any directions given by the company in general meetmg, be determined by the dlrectors.

Except so far as otherwise provided by the conditions of issue or by these articles, any
capital raised by the creation of new shares shall be considered part of the original capital
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and shall be subject to the provisions herein contained with reference to transfer and
transmission and otherwise.

45. Subject to the provisions of sub-section (2) of section 86 of the ordinance, if, owing to
any inequality in the number of new shares to be issued and the number of shares held by
a member entitled to have the offer of such new shares, any difficulty shall arise in the
apportionment of such new shares or any of them amongst the members, such difficulty
shall, in the absence of any direction in the resolution creating the shares or by the
company in general meeting, be determined by the directors.

46. The company may, by special resolution, reduce its share capital in any manner, with and
subject to, any incident authorized and consent required by law.

47.  The share premium account maintained pursuant to section 83(1) of the ordinance may,
be applied by the company:

(a) in writing off the preliminary expenses of the company;

(b) in writing off the expenses of, or the commission paid or discount allowed on, any
issue of shares or debentures of the company;

(c) in providing for the premium payable on the redemption to any redeemable
preference shares or debentures of the company; or

(d) in paying up un-issued shares of the company to be issued as full \\%‘é‘ oS
IL? X
shares. @"‘\\ Karachi 0”/
S aaelte, “.
48. Subject to the provisions of section 96 to 105 inclusive of the ordina

may accept from any member the surrender on such terms and cond }pns
agreed of all or any of his shares.

@

VARIATION OF SHAREHOLDERS’ RIGHTS NS

49. Whenever the capital is divided into different classes of shares, all or any of the rights
and privileges attached to each class may, subject to the provisions of section 108 of the
ordinance, be modified, commuted, affected, abrogated or dealt with by agreement
between the company and any person purporting to contract on behalf of that class
provided such agreement is (a) ratified in writing by the holders of at least three-fourths
in nominal value of the issued shares of the class or (b) confirmed by a special resolution
passed at an extraordinary general meeting of the holders of shares of that class and all
the provisions hereinafter contained as to general meetings, shall, mutatis mutandis, apply
to every such meeting. This article shall not by implication curtail the power of
modification which the company would have if this article were omitted.

III. MEETINGS

CONVENING OF GENERAL MEETINGS
50. Except as may be allowed under section 158(1) of the ordinance and listing requirements,
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51.

52.

53.

54.

the company shall hold a general meeting once at least in every calendar year within a
period of four months following the close of its financial year in the town in which the
office is situate and at such time and place as may be determined by the dircctors.
provided that no greater interval than fifteen months shall be allowed to elapse between
two such general meetings. The company may, for any special reason and with
permission of the commission, extend the time within which any annual general meeting,
not being the first such meeting, shall be held.

The company shall hold its annual general meeting in the town in which the registered
office is situate; provided that, it may, for any special reason and with permission of the
commission, hold the said meeting at any other place. Save as aforesaid, the company
may hold its general meeting at two (2) or more venues using any technology that gives
the members as a whole a reasonable opportunity to participate in the meetings.

All general meetings of the company, other than the statutory meeting or any annual
general meeting, shall be called extraordinary general meetings, and shall be subject to
listing requirements.

The directors may, whenever they think fit, and they shall, on the requisition of the
holders of not less than one-tenth of the issued capital of the company, forthwith proceed
to convene an extraordinary general meeting of the company. If at any time there are not
within Pakistan sufficient directors capable of acting to form a quorum, any director of
the company may call an extraordinary general meeting in the samc manner as ncarly as
possible as that in which meetings may be called by the directors, and in the case of such
requisition the following provisions shall have effect:

(1) The requisition must state the objects of the meeting and must be signed by the
requisitioners and deposited at the office and may consist of several documents in like
form each signed by one or more requisitioners.

(2) If the directors do not proceed within twenty-one days from the date of the requisition
being so deposited to cause a meeting to be called, the requisitioners or a majority of
them in value may themselves convene the meeting, but any meeting so convened
shall not be held after three months from the date of the deposit.

(3) Any mee‘r&g‘t‘ohvened under this article by the requisitioners shall be convened in the
same Ahngr a\ggarly as possible as that in which meetings are to be convened by

w wbe Beld at the office.

_ cgrs of shares must be signed by all such holders.

(1) Notice shall be sent in the manner hereinafter mentioned at least
twent ore the date on which the meeting is to be convened to all
such persons\agaf under these articles or the ordinance entitled to receive such
notices from the company and shall specify the place and the day and hour of the
meeting and the nature of the business to be transacted thereat.

(2) In the case of an emergency affecting the business of the company, an extraordinary
general meeting may be convened by such shorter notice than that specified in article
54(1) as the registrar may authorize.
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(3) Where any special business, that is to say, business other than consideration of the
accounts, balance sheet and the reports of the directors and auditors, the declaration
of dividend, the appointment and fixation of the remuneration of auditors and, where
the notice convening the meeting provides for the election of directors, the election of
directors (all such matters being herein referred to as ordinary business) is to be
transacted at a general meeting, there shall be annexed to the notice of such meeting a
statement setting out all such facts as may be material for the consideration of such
business including the nature and extent of the interest (whether direct or indirect) of
any director, and where the item of business involves approval of any document, the
time and place appointed for inspection thereof, and to the extent applicable such a
statement shall be annexed to the notice also in the case of ordinary business to be
transacted at the meeting.

(4) Where a resolution is intended to be proposed for consideration at a general meeting
in some special or particular form, a copy thereof shall be annexed to the notice
convening such meeting.

(5) If a special resolution is intended to be passed at a general meeting, the notice
convening that meeting shall specify the intention to propose the resolution as a
special resolution.

(6) A notice for a general meeting at which an election of directors is to take place shall
state the number of directors to be elected at that meeting and the names of the
retiring directors.

(7) The notice of every general meeting shall prominently s
appointed who shall have the right to attend, demand
vote on a poll and speak at the meeting in the plac the)gaemhgr appomtmg him
and shall be accompanied by a form of proxy accept

(8) The company shall comply with the provisions of se 1
ordinance with regard to giving notices of general me 'dgs."
55. The accidental omission to give any such notice to, or the n 4
the members shall not invalidate the proceedings at any such mé

8}

mm?lce by, any of

PROCEEDINGS AT GENERAL MEETINGS

56. No business shall be transacted at any general meeting unless a quorum of members is
present at the time when the meeting proceeds to business; save as herein otherwise,
provided ten (10) members present in person or by proxy representing twenty five percent
(25%) of the total voting power shall be a quorum.

57.  The chairman of the board of directors shall preside as chairman at every general meeting
of the company, or if there is no such chairman, or if he shall not be present in person
within fifteen minutes after the time appointed for the holding of the meeting or is
unwilling to act, the chief executive shall preside as chairman of the meeting, or if the
chief executive is absent or unwilling to act, any one of the directors present in person
may be elected to be chairman of the meeting, or if no director be present in person, or if
all the directors present in person decline to take the chair, the members present in person
shall choose one of their member to be chairman of the meeting.
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58.

59.

60.

61.

62.

63.

If within half-an-hour from the time appointed for the meeting, a quorum is not present,
the meeting if convened upon such requisition as aforesaid shall be dissolved, but in any
other case it shall stand adjourned to the same day in the next week at the same time and
place, and if at such adjourned meeting a quorum is not present within half an hour from
the time appointed for it, the meeting shall be dissolved.

The chairman may adjourn the meeting from time to time and from place to place, but no
business shall be transacted at any adjourned meeting other than the business left
unfinished at the meeting from which the adjournment took place. When a meeting is
adjourned for more than seven days, notice of the adjourned mceting shall be given as in
the case of an original meeting. Save as aforesaid it shall not be necessary to give any
notice of an adjournment or of the business to be transacted at an adjourned meeting.

In the case of an equality of votes the chairman shall, both on a show of hands and at the
poll, have a casting vote in addition to the vote or votes to which he may be entitled as
member.

(1) At any general meeting a resolution put to the vote of the meeting shall be decided on a
show of hands, unless a poll is (before or on the declaration of the result of the show of
hands) demanded in accordance with paragraph (2) of this article, and unless a poll is so
demanded, a declaration by the chairman of the meeting that a resolution has, on a show
of hands, been carried, or carried unanimously, or by a particular majority, or lost, and
an entry to that effect in the book or electronic record of the proceeding of the
company shall be conclusive evidence of the fact, without proof of the number or
proportion of the votes recorded in favour of, or against, the resolution.

(2) Any of the following persons may demand a poll:
(a) The chairman of the meeting; or
(b) Ten members having the right to vote on the resolution and present in person
or by proxy; or

(c) Any member or members present in person or by proxy having not less than
-tenth of-the total voting power in respect of the resolution.

- e C . . . : .
'\;;éé‘,rpanded,’ as aforesaid, it shall be taken (subject to section 168 of the

shall determine e, and such determination made in good faith shall be final and
conclusive.

Any poll duly demanded on the election of a chairman of a meeting or on any question of
adjournment shall be taken at the meeting and without adjournment. A poll demanded on
any other question shall be taken at such time, not being more than 14 days from the day
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64.

on which the poll is demanded as the chairman of the meeting directs.

The demand of a poll shall not prevent the continuance of a meeting for the transaction of
any business other than the question on which a poll has been demanded.

VOTES OF MEMBERS

635.

66.

67.

68.

69.

70.

Subject to section 160 and any rights or restrictions for the time being attached to any
class or classes of shares, every member present in person (where all the participants of a
general meeting can see each other) shall have, whether on a show of hands or on a poll,
votes proportionate to the paid up value of the shares or other securities carrying voting
rights held by him according to the entitlement of the class of such shares or securities, as
the case may be provided that , the provisions of section 178 shall apply in the case of the
election of directors.

Without prejudice to articles 69 and 79, on a show of hands, every member present in
person shall have one vote and upon a poll every member present in person or by proxy
shall have one vote in respect of each share held by him. Provided always that in the case
of an election or removal of a director, the provisions of articles 91 and 94 respectively
shall apply.

On a poll a member entitled to more than one vote need not, if he votes, use all his votes
or cast all the votes he uses in the same way.

Any company or other corporation which is a member of the company may by resolution
of 1ts directors or other governing body authorize such person as it thinks fit to act as its
representative at any meeting of the company or of any class of the company,
and the person so authorized shall be entitled to exercise the W‘;}Ei’%behalf of
the company or corporation which he represents as that co pany gpfcer.porat%n could
exercise if it were an individual member of the comp : person. The
production before or at the meeting of a copy of such resol : 4o b@signed
by a director or the secretary of such company or corpora ahgceed b; him as
being a true copy of the resolution shall be accepted by é,;(fﬂw g};%ufﬁcxent
evidence of the validity of the appointment of such representativ e Commisr

Any person entitled under article 39 to any shares may vote at any general meeting in respect
thereof in the same manner as if he were the registered holder of such shares, provided that
forty-eight hours at least before the time of holding the meeting or adjourned meeting, as the
case may be, at which he proposes to vote he shall satisfy the directors of his right to such
shares, or the directors shall have previously admitted his right to vote at such meeting in
respect thereof. If any member be a lunatic, idiot or non compos mentis, he may vote,
whether by a show of hands or at a poll, by his committee, curator bonis or other legal curator
and such last mentioned persons may give their votes by proxy.

Where there are jointly registered holders of any share, any one of such persons may vote
at any meeting either in person or by proxy in respect of such share as if he were solely
entitled thereto; and if more than one of such joint-holders be present at any meeting,
either in person or by proxy, that one of the said persons so present whose name stands
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71.

72.

73.

74.

75.

76.

first in the register in respect of such share shall alone be entitled to vote in respect
thereof. Several executors or administrators of a deceased member in whose name any
share stands shall for the purposes of this article be deemed joint holders thereof.

On a poll votes may be given either in person (including without limitation a
representative of a company duly authorized under article 68) or by proxy.

No objection shall be raised to the qualification of any voter except at the meeting or
adjourned meeting at which the vote objected to is given or tendered, and every vote not
disallowed at such meeting shall be valid for all purposes. Any such objection made in due
time shall be referred to the chairman of the meeting, whose decision shall be final and
conclusive.

The instrument appointing a proxy shall be in writing under the hand of the appointer
(such expression shall exclude any reference to the electronic transactions ordinance in
accordance with section 31 (1) of the electronic transactions ordinance) or of his attorney
duly authorized in writing (such expression shall exclude electronic transmission as
prescribed by section 3 of the electronic transactions ordinance) or if such appointer is a
corporation under its common seal or signed by an officer or an attorney duly authorized
by it (such expression shall exclude any reference to the electronic transactions ordinance
in accordance with section 31 (1) of the electronic transactions ordinance). Save as
provided by article 80, no person shall be appointed a proxy who is not a member of the
company and qualified to vote.

Subject to article 73 hereof, the instrument appointing a proxy and the power of attorney
or other authority (if any) under which it is signed, or a copy of that power or authority
duly notarized, shall be deposited (such expression shall hereinafter include, where
permitted by law, receipt in accordance with section 15 of the electronic transactions
ordinance) at the office not less than forty-eight hours before the time for holding the
meeting at which the person named in the instrument proposes to vote, and in default the
instrument of proxy shall not be treated as valid.

A vote given in accordance with the terms of an instrument appointing a proxy shall be

valid notwithstangin%\{mm,\_g‘i’ms death or insanity of the principal or revocation of the

instrument or trgAs Q\of the share in respect of which the vote is given, provided no

. . . . » ~ N . .

intimation in wyi§ngsof-ti®yeath, insanity, revocation or transfer of the share shall have
. & W [ . i .

been received 4Eihe@ qIfptdA{ate theimeeting. Provided nevertheless that the chairman of
' 8 be éﬂ

2 ‘? )

t®n of ‘e,

N4

the form or to the effect following and shall be retained by the Company:
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SIDDIQSONS KOHAT SOLAR LIMITED

I, of , being a member
of SIDDIQSONS KOHAT SOLAR LIMITED, hereby appoint
of (or failing him

of or failing

him of ) as my proxy in

my absence to attend and vote for me and on my behalf at the (Annual or
Extraordinary, as the case may be) general meeting of the company to be held on
the day of and at any adjournment thereof.

As witness my hand this day of

Signed by the said

In the presence of
Provided always that an instrument appointed a proxy m

the form set out in
‘keg:su;,

regulation 39 of table A of the first schedule to the ord; Karach ",
i

< o
'S P ?&
IV.DIRECTORS ([f # @ﬁ% .
5 Ry ©
NUMBER OF DIRECTORS ‘{,} 'EM \,?"
N, AT O
77.  Subject to the provisions of these articles and the ordinan $ e(tlﬁpct‘gg shall be elected
‘*“.

by the members in general meeting.

78. The company shall have at least three directors. Subject to the said minimum, the directors
themselves shall determine from time to time in the manner provided in this article the
number of directors that the company shall have at least thirty-five (35) days before the
date of every general meeting at which directors are intended to be elected, the directors
shall fix the number of elected directors that the company shall have from the effective
date of the election and the number of such directors who shall be elected at the meeting.
The number of elected directors so fixed by the directors shall not be changed except
with the prior approval of the company in general meeting. The following persons shall
be the first directors of the Company and shall hold the office up to the date of First

Annual General Meeting.
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79.

80.

81.

(1) Mr. Abdur Rahim
(2) Mrs. Anum Abdur Rahim
(3) Mr. Muhammad Ahmed

ALTERNATE DIRECTORS

When any director intends to be, or is living outside Pakistan, he may with the approval
of the directors appoint any person to be his alternate director, and such alternate director
during the absence of the appointer from Pakistan, shall be entitled to receive notice of
and to attend and vote at meeting of directors and shall be subject to and entitled to the
provisions contained in these articles with reference to directors and may exercise and
perform all such powers, directions and duties as his appointer could have exercised or
performed including the power of appointing another alternate director. An alternate
director so appointed shall not be required to hold any qualification. Such appointment
shall be recorded in the director minute book. A director may at any time by notice in
writing to the company remove an alternate director appointed by him. The alternatc
director shall cease to be such provided that if any director retires but is re-elected at the
meeting at which such retirement took effect any appointment made by him pursuant to
this article which was in force immediately prior to this retirement and re-election and
which has not otherwise ceased to be effectively shall continue to operate after his re-
election as if he had not so retired. An alternate director shall not be deemed to be the
agent of the director appointing him but shall be reckoned as one with his appointer. All
appointments and removals of alternate directors shall be effected by writing under the
hand of the director making or revoking such appointment and left at the office. For the
purpose of assessing a quorum in accordance with the provisions of article 99 hereof an
alternate director shall be deemed to be director. Any dircctor may act an alternate
director for any one or more directors, as well as being able to act as a director in his own
right. An alternate director may resign as such upon giving thirty (30) days prior notice to
the board to this effect. An alternate director need not be a member of the Company.

Notwithstanding article 164, an alternate director, even if not a member, shall, in the
absence of a direction to the contrary in the instrument appointing him, be entitled to
notice of general meetings of the company and (subject to the provisions of article 73) to
vote at such meetings on behalf of his appointcr, if his appointer is a member of the
compan @zmd"generally to represent his appointer.

N\
Dir @?s&hgllﬁhave power at any time and from time to time to appoint any person as
Tedfs m \Q’. Dlre\ctor and such Technical/Executive Director may be appointed
on io a’g . %04 m 'such special remuneration as may be determined by the Board.
Th :ﬁ)um 3 ctors appomted shall not be counted w1thm minimum or

representatf e Board of the company unless speually invited by the members o
assist them in the proceedings of the meeting of the Board of Directors of the company.
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CHIEF EXECUTIVE AND OTHER PRINCIPAL OFFICERS OF THE COMPANY

82. The company shall have an office of chief executive which shall be filled from time to time
by the directors who may appoint a director or (subject to section 201 of the ordinance) any
other person to be the chief executive of the company for a period not exceeding three years
and on such terms and conditions as the directors may think fit, and such appointment
shall be made within fourteen days from the date on which the office of chief executive
falls vacant. If the chief executive at any time is not already a director he shall be deemed
to be a director of the company notwithstanding that the number of directors shall thereby
be increased and he shall be entitled to all the rights and privileges and shall be subject to
all liabilities of the office of director. Upon the expiry of his period of office, a chief
executive shall be eligible for re-appointment. The chief executive may be removed from
office in accordance with the provisions of section 202 of the ordinance notwithstanding
anything contained in these articles or in any agreement between the company and the
chief executive.

83. No person who 1s ineligible to become a director of the company shall be appointed or
continue as the Chief Executive except as permitted by Section 187.

84. The Chief Executive retiring under Article 82 continue to perform his functions until his
successor is appointed unless non-appointment of his successor is due to any fault on his
part or his office is expressly terminated.

85.  The directors may appoint other principal officer
operating officer, chief financial officer, head of i
(who is to be a full time employee of the com
give such officer such designations and with s

1t a{ﬁ@;,the company secretary
as 1 §3'b§§éect10n 204 A), and
£ ter, dlﬁ'pns as the directors

may determine from time to time. 7:_;'- g{ " I

2 et

v . . . - &
86. A chief executive of the company shall receive Mran@n as the directors may

J,
determine and it may be made a term of his appoint Y Chmrhé"be paid a pension and/or

gratuity and/or other benefits on retirement from his office:

87. The directors may from time to time entrust to and confer upon the chief executive for the
time being such of the powers exercisable under these articles by the directors as they may
think fit, and may confer such powers for such time, and to be exercised for such objects and
purposes, and upon such terms and conditions, and with such restrictions as they think
expedient; and they may confer such powers, either collaterally with, or to the exclusion of,
and in substitution for all or any of the powers of the directors in that behalf; and may from
time to time revoke, withdraw, alter or vary all or any of such powers.

QUALIFICATION AND REMUNERATION OF DIRECTORS

88. Any director who serves on any committee or who devotes special attention to the
business of the company, or who otherwise performs services which in the opinion of the
directors are outside the scope of the ordinary duties of a director, may be paid such extra
remuneration as the directors may determine from time to time. The remuneration of a
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89.

90.

91.

92.

sc >

Q'
i E\‘k ':.:v
3 e

director for attending meetings of the board shall from time to time be determined by the
directors.

Each director of the company may, in addition to any remuneration receivable by him, be
reimbursed his reasonable travelling and hotel expenses incurred in attending meetings of
the directors or of the company or otherwise whilst employed on the business of the
company.

The qualification of an elected director, in addition to his being a member, where required.
shall be his holding share of the nominal value of Rs. 10 at least in his own name, but a
director representing the interests of a member or members holding share of the nominal
value of Rs. 10 at least shall require no such share qualification. A director shall not be
qualified as representing the interests of a member or members holding shares of the requisite
value unless he is appointed as such representative by the member or members concerned by
notice in writing addressed to the company specifying the shares of the requisite value
appropriated for qualifying such director. Shares thus appropriated for qualifying a director
shall not, while he continues to be such representative, be appropriated for qualifying any
other director. A director shall acquire his share qualification within two (2) months from the
effective date of his appointment as director.

The continuing directors may act notwithstanding any vacancy in their body so long as
their number is not reduced below the number fixed by or pursuant to these articles as the
necessary quorum of directors.

The office of a director shall ipso facto be vacated if:
(a) he ceased to hold the share qualification, if any, necessary for his appointment; or
(b) heis found to be an unsound mind by a court of competent jurisdiction; or

(¢) he is adjudged an solvent; or has applied to be adjudicated as an insolvent and his
application is pending or is an un-discharged insolvent; or

(d) he has been convicted by a court of law for an offence involving moral turpitude:

(e) /he or any- firm of which he is a partner or any private company of which he is a
WS ‘without the sanction of the company in general meeting accepts or holds
Qﬁ/ Qﬁy’e of' profit under the company other than that of a chicf executive or legal
i %{ adviser or a banker in contravention of the provisions of section 188 (i)

¥ name

@,slllf from three consecutive meetings of the directors or from all
directors for a continuous period of three months, whichever is the
ut leave of absence from the board of directors; or

(g) he or any firm of which he is a partner or any private company of which he is a
director accepts a loan or guarantee from the company in contravention of section
195 of the ordinance; or

(h) he acts in contravention of section 214 of the ordinance; or
(i) by notice in writing to the company he resigns his office; or
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93.

94.

95.

(j) he is removed from office by resolution of the company in general meeting in
accordance with section 181 of the ordinance; or

(k) his appointment is withdrawn by the authority nominating him as director; or

(1)  he has betrayed lack of fiduciary behavior and a declaration to the effect has been
made by the court under section 217 of the ordinance at any time during the
preceding five years.

Subject to authorization being given by the directors in accordance with section 196(2)(g)
of the ordinance, a director shall not be disqualified from contracting with the company
either as vendor, purchaser or otherwise, nor shall any such contract or arrangement
entered into by or on behalf of the company with any company or partnership of or in
which any director of the company shall be a member or otherwise interested, be avoided,
nor shall any such director so contracting or being such member or so interested be liable
to account to the company for any profit realized by any such contract or arrangement by
reason of such director holding that office or of the fiduciary relationship so established.
A director who, or whose spouse or minor child, is in any way, whether directly or
indirectly, concerned or interested in any contract or arrangement or proposed contract or
arrangement with the company shall disclose the nature of such concern or interest in
accordance with section 214 of the ordinance that is to say:

(a) in the case of a contract or arrangement to be entered into,
directors at which the question of entering into the cont
taken into consideration or, if the director was not,
concerned or interested in the contract or arrangeme
directors held after he becomes so concerned or interes

naﬁﬂm ent is first

ﬁfe daft%?rgﬁ f’fat \meetmg,

tt eetmg of the
c?, ang,
mee

(b) in the case of any other contract or arrangement, at the fi edlrectors held
after the director becomes concerned or interested in the co %t?ggrjngement

e(%,

A general notice that any director of the company is a director or @ member of any other
named company or is a member of any named firm and is to be regarded as interested in
any subsequent transaction with such company or firm shall, as regards any such
transaction, be sufficient disclosure under this article. Provided, however, that any such
general notice shall expire at the end of the financial year in which it was given and may
be renewed for a further period of one financial year at a time by giving fresh notice in
the last month of the financial year in which it would otherwise expire.

Except as provided in Section 216 of the Ordinance, a Director shall not vote in respect
of any contract or arrangement in which he is either directly or indirectly concerned or
interested nor shall his presence count for the purpose of forming a quorum at the time of
any such vote and if he does so vote, his vote shall not be counted.

Whereby any contract or resolution of the directors an appointment or a variation in the terms
of an existing appointment is made (whether effective immediately or in the future) of a chief
executive, whole time director or secretary of the company, in which appointment of any
director of the company is, or after the contract or resolution becomes, in any way, whether
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96.

97.

directly or indirectly, concerned or interested, or whereby any contract or resolution of the
directors, an appointment or a variation in the terms of appointment is made (whether
effective immediately or in the future) of a chief executive, the company shall inform the
members of such appointment or variation in the manner required by section 218 of the
ordinance and shall comply with the requirements of that section in regard to the maintaining
of such contracts and resolutions open for inspection by members at the office. the provision
of certified copies thereof and extracts there from and otherwise.

In accordance with section 219, the company shall maintain at its office a register or
electronic record, in which shall be entered separately particulars of all contracts.
arrangements or appointments in which the directors are interested. Such register or
electronic record shall be open to inspection to the members during business hours, subject to
any reasonable restriction that may be imposed by the company in general meeting.

A director of the company may be or become a director of any other company promoted
by the company or in which the company may be interested as a vendor, shareholder or
otherwise, and no such director shall be accountable for any benefits received as a
director or member of such other company.

ELECTION OF DIRECTORS

98.

99.

100.

101.

The number of directors determined by the directors under articles 78 shall be elected to

office by the members in general meeting in the following manner, namely:

(a) a member present in person or by proxy shall have such number of votes as is equal
to the product of voting shares held by him and the number of directors to be clected.

(b) a member may give all his votes to a single candidate or divide them between more
than one of the candidates in such manner as he may choose, and

(c) the candidate who gets the highest number of votes shall be declared elected as director
and then the candidate who gets the next highest number of votes shall be so declared.
and so on until the total number of directors to be elected has been so elected.

If the number of persons who offer them to be elected as directors is not morc than the
number of vacancies for which elections are being held, such persons being otherwise

"@‘B\é"ﬂéa«n)ed to have been elected as directors from the date on which the
opgsed té.be effectlve

The company in general meeting may remove a director from office by a resolution
passed with the requisite number of votes determined in accordance with the provisions
of section 181 of the ordinance.
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102.

103.

104.

Any casual vacancy occurring among the directors may be filled up by the directors
within a time period prescribed by the code, and the person so appointed shall hold office
for the remaining period of the director in whose place he is appointed. Provided that the
directors may not fill a casual vacancy by appointing any person who has been removed
from the office of a director of the company under article 101.

No person including a retiring director of the company shall be eligible for election to the
office of director of the company at any general meeting unless he has, not less than
fourteen days before the date of the meeting, left at the office, a notice in writing, and
duly signed, signifying his candidature for the office.

The company shall keep at the office a register of the directors and officers, containing
the particulars required by section 205 of the ordinance and the company shall otherwise
comply with the provisions of that section as regards furnishing returns to the registrar
and giving inspection of the register.

PROCEEDINGS OF DIRECTORS

105.

106.

107.

108.

109.

The directors shall meet together at least once in each quarter of a year for the despatch
of business, adjourn and otherwise regulate their meetings and proceedings as they may
think fit in accordance with the ordinance, the code and the listing requirements.
Questions arising at any meeting shall be decided by a majority of votes and in case of an
equality of votes the chairman shall have a second or casting vote.

The quorum necessary for the transaction of the business of the Jhall be one-
third of the number of directors or two directors, whichever ig \‘%eﬂfé'go Rin person.
An alternate director whose appointment is effective shall bg&Sunt i@ﬁ’qu@lm If all
the directors except one are disqualified from voting, the tter ?( Gglded in
general meeting.

"M ~rt, v

A director may, and the secretary on the requisition of a director ,,at%y time summon a
meeting of the directors. Such meetings may be held using any oLgy consented to
by all the directors, including but not limited to telephone and video conferencing. The
consent may be a standing one, withdraw able by a director only within a reasonable
period of time before the meeting. It shall not be necessary to give notice of a meeting of
directors to any director for the time being absent from Pakistan.

The board of directors of the company shall from time to time elect one of the directors
as chairman of the board of directors of the company and determine the period for which
he is to hold office and his remuneration. The chairman or in his absence the chief
executive shall preside over all meetings of the board of directors, but if at any meeting
neither the chairman nor the chief executive is present in person within half an hour of
the time appointed for holding the same, the directors present in person may choose one
of their member to be chairman of the meeting.

A meeting of the directors at which a quorum is present shall be competent to exercise all
or any of the authorities, powers and discretion by or under these articles for the time
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110.

111.

112.

113.

being vested in or exercisable by the directors generally.

The directors may from time to time delegate of their powers to committees consisting of
such two members or more members of their body as they think fit, and may from time to
time revoke such delegation. Any committee so formed shall, in the exercise of the
powers so delegated, conform to any regulations that may from time to time be imposed
upon it by the directors.

The meeting and proceedings of any such committee consisting of two or more members
shall be governed by the provisions herein contained for regulating the meetings and
proceedings of the directors, so far as the same are applicable thereto and are not
superseded by any regulations made by the directors under article 110.

All acts done by any meeting of the directors or by a committee of the directors or by any
person acting as a director of the company shall, notwithstanding that is shall afterwards
be discovered that there was some defect in the appointment or continuance in office of
any such directors or person acting as aforesaid, or that they or any of them were
disqualified or had vacated office, or were not entitled to vote, be as valid as if every such
person had been duly appointed or had duly continued in office and was qualified and
had continued to be a director and had been entitled to be a director. Provided that
nothing in this article shall be deemed to give validity to acts done by any such director
after the appointment of such director has been shown to be invalid.

A resolution, other than resolution in respect of any matter specified in section 196(2) of

the ordinance circulated through fax or email or any form of electronic transmission to all
the directors for the time being entitled to receive notice of a meeting of the directors,
passed without any meeting of the directors or of a committee of directors and signed or
affirmed through fax or email or any form of electronic transmission, by a majority of all
directors in writing under the hands of all directors (or in their absence their alternate
directors) for the time being in Pakistan, being not less than the quorum required for
meetings of the directors, or as the case may be of the members of the committee, shall
be valid and effectual as if it had been passed at the meeting of the directors, or as the
case may be of such committee, duly called or constituted. The resolution in writing of
the company t }L\‘\-ﬁ@@igt ‘of several copies of a document signed by one or more
director(s) a \t@‘ﬁzs effect“at the date and time on which the last director, necessary for
the resolutig i‘i’okgg,paocad, signs a copy of the resolution; or a record of several signed
electronic ‘l sy w icating the identity of the sender, the text of the resolution
and the sef ‘ ,gr.’fdisagreement to the resolution, as the case may be and
Qﬁphe date on which the last director’s message, necessary
for the resol&y o : Sé/received.

¢4

114. If any director of the-&mp@’, being willing, shall be called upon to perform extra services

or to make any special exertions in going or residing away from his place of business for
the time being for any of the purposes of the company or in giving special attention to the
business of the company as a member of a committee of the directors, the company may
remunerate such director so doing either by a fixed sum or by a percentage of profits or
otherwise as may be determined by the directors, and such remuneration may be either in
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addition to or in substitution for his or their share in the remuneration above provided for
the directors.

MINUTES

115.

The directors shall cause minutes to be duly entered in books provided for the purpose of
or as an electronic record, of;

(a) all appointments of officers;

(b) the names of the directors present in person at each meeting of the directors and of
any committee of the directors;

(¢) all orders made by the directors and committees of the directors;

(d) all resolutions and proceedings of general meeting and of meetings of the directors
and of the committees of the directors;

and any such minutes of any meeting of the directors or of any such committee or of the
company, if purporting to be signed by the chairman of such meeting or by the chairman
of the next succeeding meeting, shall be prima facie evidence of the matter stated in such
minutes.

POWERS AND DUTIES OF DIRECTORS

116.

117.

118.

The directors shall duly comply with the provisions of the ordinance, the listing
requirements and the code. In particular and without prejudice to the generality of the
foregoing, the company shall comply with the provisions of the ordinance in regard to the
registration of the particulars of mortgages and charges affecting of the
company or created by it, to the keeping of a register of the direc Q;&Y? ) o‘t’&;}éndmg
to the reglstrar of an annual hst of members and a summary of p mulars;efagng,ﬂi;reto

any changes therein. All such information may be stored as
transmitted accordingly, where possible.

The control of the company shall be vested in the directors, and t
company shall be managed by the directors who may exercise all such powers of the
company and do all such acts and things as may be exercised or done by the company as
by the ordinance or by these articles or by a special resolution expressly directed or
required to be exercised or done by the company in general meeting, subject nevertheless
to any regulations of these articles, to the provisions of the ordinance, and to such
regulations being not inconsistent with the aforesaid regulations or provisions, as may be
prescribed by the company in general meeting; but no regulation made by the company in
general meeting shall invalidate any prior act of the directors which would have been
valid if that regulation had not been made.

Without prejudice to the general powers conferred by article 117 and to any other powers
or authorities conferred by these articles on the directors, it is hereby expressly declared
that the directors shall have the following powers, that is to say, power:

Page 27 of 44



(1) To purchase or otherwise acquire for the company any property, rights or privileges
which the company is authorized to acquire at such price and generally on such
terms and conditions as they think fit, and to sell, let, exchange or otherwise dispose
of absolutely or conditionally any part of the property, privileges and undcrtaking of
the company upon such terms and conditions, and for such consideration, as they
may think fit.

(2) At their discretion to pay for any property, rights, privileges acquired by or services
rendered to the company either wholly or partially in cash or in shares (subject to the
provisions of section 86 of the ordinance) bonds, debentures or other securities of the
company. Any such bonds, debentures or other securities may be either specifically
charged upon all or any part of the property of the company or not so charged.

(3) To open account with any bank or financial institution and deposit into and withdraw
money from such accounts from time to time.

(4) To make, draw, endorse, sign, accept, negotiate and give all cheques, bills of lading.
drafts, orders, bills of exchange, and other promissory notes and negotiable
instruments required in the business of the company.

(5) To secure the fulfillment of any contracts, agreements or engagements entered into by the
company by mortgage or charge of all or any of the property of the company for the time
being or in such other manner as they may think fit.

(6) Subject to the provisions of the ordinance, to appoint and at their discretion remove or suspend
such agents (other than Managing Agents), managers, secretaries, officers, employees for
permanent, temporary or special services as they may from time to time think fit. and to
determine their powers and duties and fix their salaries or emoluments and to require security in
such instances and to such amount as they think fit.

(7) To appoint any person or persons (whcther incorporated or not) to accept and hold in trust
for the company any property belonging to the company or in which it is interested or for
any other purposes, and to execute and do all such deeds, documents and things as may be
requisite in relation to any such trust and to provide for the remuneration of such trustee or
trustees.

(8) To institute, conduct, defend, compound or abandon any legal proceedings by or against the
company or its officers or otherwise concerning the affairs of the company and also to
; an\i’%‘l“l'bwlnme for payment or satisfaction of any debts due and of any claims or

g?)y&‘r qg@est the Company.

0.-

(9) To y gqﬂa ma.nd% by or against the company to arbitration and observe and

(1) Toactonb - € company in all matters relating to bankrupts and insolvents.

(12) To determine who shall be entitled to sign on the company’s behalf bills, notcs, receipts,
acceptances, endorsements, cheques, releases, contracts and documents.

(13) From time to time to provide for the management of the affairs of the company either in
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disposal thereof, and otherwise in relation to the working and management of the said fund as the
directors shall from time to time think fit.

(23) To delegate all or any of the powers hereby conferred upon them to such person or persons
as they may from time to time think fit.

(24) Subject to section 213 of the ordinance to authorize the having an official seal of the
company for use abroad.

REGISTER OF DIRECTORS SHAREHOLDINGS

119. In accordance with section 220, the company shall maintain at its office a register or
electronic record of the directors, chief executive officer, chief financial officer (chicf
accountant), company secretary or head of internal audit who is or has been the beneficial
owner of listed securities and every person who is directly or indirectly the beneficial
owner of not less than ten percent (10%) of the beneficial interest in the company. This
register or electronic record shall be open to inspection during business hours subject to
sub-sections (5), (6) and (7) of section 220.

POWER OF ATTORNEY

120. The directors may from time to time and at any time by power of attorney appoint any
company, firm or person (including any director or officer of the company) or body of
persons, whether nominated directly or indirectly by the directors, to be the attorney or
attorneys of the company for such purposes and with such powers, authorities and
discretions and for such period and subject to such conditions as they may think fit, and
any such powers of attorney may contain such provisions for the protection and
convenience of persons dealing with any such attorney to delegate all or any of the
powers, authorities and discretions vested in him; and without prejudice to the generality
of the foregoing any such power of attorney may authorize the attorney to institute,
conduct, defend, compound or abandon any legal proceedings by or against the company,
whether generally or in any particular case.

AUDIT COMM‘I"‘I‘CTEE
121, T \\B?rectors shall establish an Audit Committee which shall comprise not less then
&% néem 3 ;hncludmg the chairman. Majority of the members of the Committee shall

3N ¥
A nép-executive directors of the company and the chairman of the Audit
f@rably be a non-executive director. The names of member of the

e disclosed in each annual report of the company.
x
MANAGEM MITTEE

122.  The Directors shall establish management committees to comply with the requirements of
the code of the corporate governance and their own requirements for effective
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management and control. The Directors shall nominate members for each committee
which may be from the board of directors or outside the board.

BORROWING POWERS

123.

124.

125.

126.

(1) The directors may exercise all the powers of the company to borrow money and to
mortgage or charge its undertaking, property and assets (both present and future),
and to issue debentures, debenture stocks, and other securities, whether outright or as
collateral security for any debt, liability or obligation of the company or of any third
party.

(2) In exercising the powers of the company aforesaid the directors may, from time to
time and on such terms and conditions as they think fit, raise money from banks and
financial institutions and from other persons under any permitted system of
financing, whether providing for payment of interest or some other form of return,
and in particular the directors may raise money on the basis of the mark up on price,
musharika, modaraba or any other permitted mode of financing, and without
prejudice to the generality of the foregoing the directors may exercise all or any of
the powers of the company arising under section 19(2) of the ordinance.

(3) Inregard to the issue of securities the directors may exercise all or any of the powers
of the company arising under sections 19(2), 87 and 120 of the ordinance and in
particular the directors may issue any security as defined in section 2(1)(34) of the
ordinance or may issue any instrument or certificate represenjingsedegmable capital

as defined in section 2(1)(25) of the ordinance.

. :}(sigr%zble free
o e 8 Jhay be issued.
¥
. S £ CTI
Any debentures, debenture-stock, bonds or other securities My bgel,_sfs,uqdﬁat a discount,
premium or otherwise and with any special privileges as to rédemption, surrender,
drawing, allotment of shares, attending and voting at general meetings of the company,
appointment of directors of the company or otherwise.

Debentures, debenture-stock, bonds and other securities
from any equities between the company and the person to

The directors shall cause a proper register to be kept in accordance with the provisions of
section 135 of the ordinance, of all mortgages and charges specifically affecting the
property of the company, and shall duly comply with the provisions of the sections of the
ordinance, namely, sections 121 and 122 (Registration of mortgages and charges), section
128 (Endorsement of certificates), section 129 (Filing of prescribed particulars), section
130 (Keeping of a copy of every instrument creating any mortgage or charge by the
company at the office) and section 132 (Giving of intimation of the payment or
satisfaction of any charge or mortgage created by the company).

Every register of holders of debentures of the company may be closed for any periods not
exceeding in the whole forty five days in any year and not exceeding thirty days at a time.
Subject as aforesaid, every such register shall be open to the inspection of members or
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128.

129.

130.

131.

debenture holders. But the company may in general meeting impose any reasonable
restrictions, so that at least two hours, in each day when such register is open, for
inspection.

Subject to the provisions of section 76 of the ordinance, no transfer of registered
debentures shall be registered unless a proper instrument of transfer duly stamped and
executed by the transferor and transferee has been delivered to the company together with
the certificate or certificates of the debentures.

If the directors refuse to register the transfer of any debentures, they shall, within thirty
days from the date on which the instrument of transfer was lodged with the company,
send or cause to be sent to the transferee and transferor notice of the refusal.

The company shall comply with the provisions of section 136 of the ordinance as to
allowing inspection of copies kept at the office in pursuance of section 130 of the
ordinance, and as to allowing inspection of the register of mortgages to be kept at the
office in pursuance of section 135 of the ordinance.

The company shall comply with the provisions of sections 113 and 150 of the ordinance
as to supplying copies of any register of holders of debentures or of any trust deed for
securing any issue of debentures.

LOCAL MANAGEMENT

132.

Subject to the provisions of sections 206 and 207 of the ordinance, directors may from time
to time provide for the management of the affairs of the company outside Pakistan or in any
special locality in Pakistan in such manner as they shall think fit and the following provisions
shall operate without prejudice to the general powers hereby conferred.

(1) The directors may from time to time and at any time establish any local boards or
agencies for managing any of the affairs of the company outside Pakistan or in any
specified locality in Pakistan and may appoint any persons to be members of such
local board or any managers or agents and may fix their remuneration.

(2) The directors may from time to time and at any time delegate to any persons so

appointed any of the powers, authorities and discretions for the time being vested in

; l@andrmq_y -authorize the members for the time being of any such local

_\\\ﬁrggof them'to fill up any vacancies therein and to act notwithstanding

i ch appointment or delegation may be made on such terms and

monsas the directors may think fit; and the directors may at any
timejt@nov ﬁ e »sé appomted and may annul or vary any such delegation.

e and from time to time, by power of attorney under the
int any person to be the attorneys of the company for such
ch powers, authorities and discretions (not exceeding those
vested in or exercisable by the directors under these articles) and for such period and
subject to such conditions as the directors may from time to time think fit, and any
such appointment may, if the directors think fit, be made in favour of all or any of
the members of any local board established as aforesaid, or in favour of any
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company or of the members directors, nominees or managers of any company or
firm, and any such power of attorney may contain such provisions for the protection
or convenience of persons dealing with such attorneys as the directors think fit.

(4) Any such delegates or attorneys as aforesaid may be authorised by the directors to
sub-delegate all or any of the powers, authorities and discretions for the time being
vested in them.

V. ACCOUNTS AND DIVIDENDS

BOOKS OF ACCOUNT

(References to books of account, balance sheet, profit and loss accounts and auditors’ report shall
hereinafter mutatis mutandis include all electronic forms of record or storage of the company.)

133.

134,

135.

136.

137.

The directors shall cause to be kept proper books of account with respect to the matters
set out in section 230 of the ordinance.

The books of account shall be kept at the office or at such other place as the directors
think fit, and shall be open to inspection by the directors during business hours. If the
directors decide to keep the books of account at a place other than the office they shall
comply with the directions contained in the proviso to section 230(1) of the ordinance.

The company shal] preserve in good order the books of account of the company in

The directors shall from time to time determine whether and to what
times and places and under what conditions or regulations the acciapts %’ f the
company or any of them shall be open to the inspection of the me ember

(not being a director of the company) shall have any right of inspé r}g%count or
book or document of the company except as conferred by law or drmed ‘by the
directors or by the company in general meeting.

(1) The directors shall arrange to place before the annual general meeting of the company
in every year a duly audited balance sheet and profit and loss account, conforming to
the requirements of section 234, 237 and 238 of the ordinance and made up to a date
not more than four months before the date of such meeting and having the auditor’s
report attached thereto, and a report of the directors conforming to the requirements
of section 236 of the ordinance.

(2) As required by section 241 of the ordinance the balance sheet and profit and loss
account shall first be approved by the directors and when so approved shall be
signed by the chief executive and at least one director but if on account of his
absence from Pakistan or other reason the signature of the chief executive cannot be
obtained, the balance sheet and profit and loss account shall be signed by at least two
directors for the time being in Pakistan, and in every such case a statement signed by
those two directors shall be subjoined to the balance sheet and profit and loss
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138.

139.

account stating the reason why the signature of the chief executive was not obtained.

(3) The directors may authorize the chairman or the chief executive to sign the report of
the directors which may then be signed accordingly, but in the absence of any such
authority the report of the directors shall be signed as required by section 236(3) of
the ordinance in the same manner as the balance sheet and profit and loss account.

(1) A copy of the balance sheet, profit and loss account and the reports of the directors
and auditors shall be sent not less than twenty one (21) days before the date of the
annual general meeting to the members and other persons entitled to receive notices
of general meetings in the manner in which notices are to be given hereunder and a
copy thercof shall be kept for a period of at least fourteen (14) days before the
meeting at the office for inspection by members. The company shall send, each stock
exchange listing the shares of the company three hundred copies (or such number as
may be prescribed from time to time), and to the registrar of companies and to the
commission, five copies (or such number as may be prescribed from time to time),
each of the balance sheet, profit and loss account and the reports of the directors and
auditors at the same as they are dispatched to the members and other persons in
accordance with this article.

(2) After the balance sheet, profit and loss account and the reports of the directors and
auditors have been laid before the annual general meeting of the company, three
copies thereof (or, such larger number as may be prescribed under section 242(1) of
the ordinance) signed by the signatories thereto shall be filed with the registrar
within thirty days from the date of the meeting and the company shall also comply
with the provisions of section 242(2) of the ordinance where applicable.

(3) Subject to provisions of sections 245 and the listing requirements, the company
shall, within one month from the close of the first and third quarters and two month
from the close of the second quarter, of the year of account of the company, prepare
and transmit to the members one copy and to stock exchange listing the shares of the
company three hundred copies (or such number as may be prescribed from time to

time), each of the profit and loss account for that quarter and of the balance sheet as

a thg end of that quarter. Such quarterly profit and loss accounts and balance sheets

hot to'be audited but must be signed in the same manner as the annual profit

& ng?\loss,a.pcounts and balance sheets are required to be signed. The directors shall

tg.the commission and to the registrar three copies (or such number as

s;r’é ed for the time being under section 245(1) (b) of the ordinance), each
Xp fit and loss accounts and balance sheets at the same time as they

fbers in accordance with this article.

ay with the consent of shareholders and consultation of respective

stock €xchange(s), transmit quarterly accounts through web site of the company

subject to the approval of the commission.

C\\%

The directors shall in all respects comply with the provisions of sections 230 to 247 of the
ordinance, or any statutory modification thereof for the time being in force.
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ANNUAL RETURNS

140.

The company shall make the requisite annual returns in accordance with the provisions of
section 156 of the ordinance.

DIVIDENDS

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

The company in general meeting may declare dividends, but no dividend shall exceed the
amount recommended by the directors, provided that the company in general meeting
may declare a smaller dividend.

No dividend shall be paid otherwise than out of the profits of the year or any other
undistributed profits, and in the determination of the profits available for dividends the
directors shall have regard to the provisions of the ordinance and in particular to the
provisions of sections 83, 235 and 248 of the ordinance.

The declaration of the directors as to the amount of the net profits of the company shall
be conclusive.

The directors may from time to time pay to the members such interim dividends as in
their judgment the position of the company justifies.

All dividends shall be declared and paid according to the amounts paid on the shares. All
dividends shall be apportioned and paid proportionally to the amounts paid or credited as
paid on the shares during any portion or portions of the period in respect of which the
dividend is paid; but if any share is issued on terms p, pg}t})at it shall rank for
dividend as from a particular date such share shall rank &Qvldegd,eagéardmgly

All dividends declared shall be paid within the peri

ordinance.

<, » !
!llhe eompan

%ﬁg npany.

The directors may retain any dividends on which the company has’ a hen and may apply
the same in or towards satisfaction of the debts, liabilities or engagements in respect of
which the lien exists.

No dividend payable in respect of a share shall bear inte

Any general meeting declaring a dividend may resolve that such dividend be paid and
satisfied wholly or in part in cash or by the distribution of specific assets, and in
particular by the distribution of paid-up shares, debentures, debenture-stock or other
security of the company, or paid-up shares, debentures, debenture-stock or other security
of any other company, or in any one or more of such ways.

Any general meeting may resolve that any moneys, investments, or other assets forming
part of the undivided profits of the company standing to the credit of the reserve fund
referred to in article 157 or in the hands of the company and available for dividend (or
representing premiums received on the issue of shares and standing to the credit of the
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151.

152.

153.

154.

155.

156.

share premium account) be capitalized and distributed amongst such of the members as
would be entitled to receive the same if distributed by way of dividend and in the same
proportion on the footing that they become entitled thereto as capital and that all or any
part of such fund be applied on behalf of such members in paying up in full any un-issued
shares, debentures, debenture-stock or other security of the company, which shall be
distributed accordingly, and that such distribution or payment shall be accepted by such
members in full satisfaction of their interest in the said capitalized sum.

For the purpose of giving effect to any resolution under article 149 or article 150, the
directors may settle any difficulty which may arise in regard to the distribution as they
think expedient and may fix the value for distribution of any specific asscts and may
determine that cash payments shall be made to any members upon the footing of the
value so fixed in order to adjust the rights of all parties and may vest any such cash or
specific assets in trustees upon such trusts for the persons entitled to the dividend or
capitalized fund as may seem expedient to the directors. Where requisite a proper
contract shall be filed in accordance with the provisions of section 73 of the ordinance,
and the directors may appoint any person to sign such contract on behalf of the persons
entitled to the dividend or capitalized fund, and such appointment shall be effective.

A transfer of shares shall not pass the rights to any dividend declared thereon before the
registration of the transfer.

The directors may retain the dividends payable upon shares in respect of which any
person is under article 38 entitled to become a member or which any person under that
article is entitled to transfer until such person shall become a member in respect thereof
or shall duly transfer the same.

Any one of several persons who are registered as the joint-holders of any share may give
effectual receipts for all dividend and payments on account of dividends in respect of
such share.

¢ xhe purpose Unless otherwise directed, any dividend may be paid by

lll: thx‘{mgh post to the registered address of the member or person
“ws;: of joint-holders, to the registered address of that one whose
/i r in respect of the joint-holding, or to such financial institution
or bank J‘Q};,, em{)%g& erson entitled thereto or such joint-holders, as the case may be.
or warrant so sent shall be made payable to the order of the person
to whom it is sent, or to the order of the institution or bank, directed as aforesaid.

All dividends unclaimed for one year after having been declared may be invested or
otherwise made use of by the directors for the benefit of the company until claimed and
all dividends unclaimed for three years after having been declared may be forfeited by the
directors for the benefit of the company, but the directors may annul the forfeiture
wherever they may think proper.
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RESERVE AND DEPRECIATION FUNDS

157.

158.

159.

160.

161.

162.

The directors may from time to time before recommending any dividend set apart any
and such portion of the profits of the company as they think fit as a reserve fund to meet
contingencies or for the liquidation of any debentures, debts or other liabilities of the
company, for equalization of dividends or for repairing, improving, and maintaining any
of the property of the company, and for such other purposes of the company as the
directors in their absolute discretion think conducive to the interests of the company; and
may invest the several sums so set aside upon such investments (other than shares of the
company) as they may think fit, and from time to time deal with and vary such
investments, and dispose of all or any part thereof for the benefit of the company, and
may divide the reserve fund into such special funds as they think fit, with full power to
employ the reserve funds or any part thereof in the business of the company, and that
without being bound to keep the same separate from the other assets.

The directors may, from time to time before recommending any dividend, set apart any
and such portion of the profits of the company, as they think fit, as a depreciation fund
applicable at the discretion of the directors, for providing against any depreciation in the
investment of the company or for rebuilding, restoring, replacing or for altering any part
of the buildings, work, plant, machinery, or other property of the company destroyed or
damaged by fire, flood, storm, tempest, earthquake, accident, riot, wear and tear, or any
other means whatsoever, and for repairing, altering and keeping in good condition the
property of the company, or for extending and enlarging the buildings, machinery and
property of the company with full power to employ the assets lituting  such
depreciation fund in the business of the company, and that with gwgﬁb&)nd to keep
the same separate from the other assets. S ‘\'arorh

,,' >~

All moneys carried to the reserve fund and depreciatigSfung vely shall
nevertheless remain and be profits of the company applicablZsu Zprorvmon
being made for actual loss or depreciation, for the payment of "{v‘jderfai\‘agdﬁ'ﬁch moneys
and all the other moneys of the company not immediately requi ' & purposeés of the
company may be invested by the directors in or upon such inv Qij.‘é'ecurities as
they may select or may be used as working capital or may be kept at any bank on deposit
or otherwise as the directors may from time to time think proper.

The directors may also carry forward any profits which they may think prudent not to
distribute, without setting them aside as a reserve.

VI. AUDIT

Auditors shall be appointed and their duties regulated in accordance with sections 252 to
255 of the ordinance or any statutory modification thereof for the time being in force.

VII. SEAL

The directors shall provide a common seal of the company which shall not be affixed to
any instrument except by the authority of a resolution of the board or by a committee of
directors authorized in that behalf by the directors, and two (2) directors, or one (1)
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163.

164.

165.

166.

167.

168.

director and the secretary of the company, shall sign every instrument to which the
common seal is affixed.

The directors may provide for the use in any territory, district or place not situated in
Pakistan, of an official seal which shall be a facsimile of the common seal of the
Company, with the addition on its face of the name of every territory, district or place
where it is to be used. The official seal shall not be affixed to any instrument except by
the authority of a resolution of the board or by a committee of directors authorized in that
behalf by the directors, and two (2) directors, or one (1) director and the secretary of the
company, or such other person as the directors may appoint for the purposc, shall sign
every instrument to which the official seal is affixed. The provisions of section 213 shall
apply to the use of the official seal.

VIII. NOTICES

(1) A notice may be given by the company to any member either personally or by
sending it by post to him at his registered address or (if he has no registered address
in Pakistan) to the address, if any, within Pakistan supplied by him to the company
for the giving of notices to him or in electronic form as prescribed by section 3 of the
electronic transactions ordinance.

(2) Where a notice is sent by post, service of the notice shall be deemed to be effected
by properly addressing, prepaying and posting a letter containing the notice and,
unless the contrary is proved, to have been effected at the time at which the letter
would be delivered in the ordinary course of post.

In accordance with section 15 of the electronic transactions ordinance, a notice dispatched by
electronic transmission shall be deemed to be received by the addressee at his place of
business or where he ordinarily resides when it reaches the designated information system of
the addressee. If no information system has been so designated, receipt will occur when the
electronic notice reaches an information system of the addressee.

If a member has no registered address in Pakistan, and has not supplied to the company an
address within Pakistan or an electronic address, for the giving of notices to him, a notice
addressed to him or to the shareholders gcnerally and advertised in a newspaper,
circulating in the Province in which the office is situated and in at least one issue each of
a daily newspaper in the English language and a daily newspaper in the Urdu language
circulating i 2 ‘\p}rﬂwmcc in which the stock exchange on which the company is listed is
e dfetmed té.be duly given to him on the day on which the advertisement

situate, s
appears. f/ &2 ,@" o,
FRALL N,
A notic @W' he;é.ompany to the joint-holders of a share by giving the notice
to the joi Ide‘ﬁ%i;{riﬂjn the register in respect of the share.
o,/)/é’y &[IC“N\ 9‘\"/,

A notice may the company to the persons entitled to a share in consequence
of the death or insolvency of a member by sending it through the post in a prepaid letter
addressed to them by name, or by the title of representatives of the deceased, or assignee
of the insolvent or by any like description, at the address (if any) in Pakistan supplied for
the purpose by the persons claiming to be so entitled or addressing it in a similar manner
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169.

170.

171.

172.

173.

174.

175.

176.

and dispatching it to a designed electronic address or until any such address has been so
supplied, by giving the notice in any manner in which the same might have been given if
the death or insolvency had not occurred.

Notice of every general meeting shall be given in same manner hereinbefore authorized to

(a) every member of the company except those members who (having no registered
address within Pakistan) have not supplied to the company either a postal address within
Pakistan or electronic address for the giving of notices to them, and also to (b) every
person entitled to a share in consequence of the death or insolvency of a member, who
but for his death or insolvency would be entitled to receive notice of the meeting. Subject
to the provisions of articles 80 and section 255(6), no other person shall be entitled to
receive notices of general meetings.

Any notice required to be given by the company to the members or any of them and not
expressly provided for by these articles shall be sufficiently given, if given by
advertisement.

Any notice required to be or which may be given by advertisement shall be advertised
once in a newspaper circulating in the province in which the office is situate and in at
least one issue each of a daily newspaper in the English language and a daily newspaper
in the Urdu language circulating in the province in which the stock exchange on which
the company is listed is situate.

Any notice given by advertisement shall be deemed to
which the advertisement shall first appear.

) 2'
" /

soever shall become
> i sug:h share which

}egrtw bagluly given to the

Any notice or document delivered or sent by post to or left Sregistered address of any
member in pursuance of these articles shall, notwithstanding that such member may be then
deceased and whether or not the company shall have received notice of his decease, be
deemed to have been duly served in respect of any registered shares whether held solely or
jointly with other persons by such member, until some other person be registered in his stead
as the holder or joint-holder thereof, and such service shall for all purposes of these articles
be deemed a sufficient service of such notice or document on his heirs, executors, or
administrators, and all persons, if any, jointly interested with them in any such share.

Every person who by operation of law, transfer or
entitled to any share shall be bound by every n
previously to his name and address being entered on
person from whom he derives his title to such shares.

The signature to any notice to be given by the company may be written or printed.

In the event of a winding up of the company, every member of the company who is not for
the time being normally resident in the town in which the office is situate shall be bound,
within eight weeks after the passing of an effective resolution to wind up the company
voluntarily or the making of an order for the winding up of the company, to serve notice in
writing on the company appointing some householder residing in that town upon whom all
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summonses, notices, process, orders and judgments in relation to or under the winding up of
the company may be served, and in default of such nomination the liquidator of the company
shall be at liberty on behalf of such member to appoint some such person, and service upon
any such appointee, whether appointed by the member or the liquidator, shall be deemed to
be good personal service on such member for all purposes, and where the liquidator makes
any such appointment he shall with all convenient speed give notice thereof to such member
by advertisement in some newspaper circulating in the province in which the office is
situated and in at least one issue each of a daily newspaper in the English language and a
daily newspaper in the Urdu language circulating in the province in which the stock exchange
on which the company is listed is situated or by a registered letter sent through the post and
addressed to such member at his address as mentioned in the register, and such notice shall
be deemed to be served on the day on which the advertisement shall first appear or on the day
following that on which the letter is posted, as the case may be. The provisions of this article
shall not prejudice the right of the liquidator to serve any notice or other document in any
other manner prescribed by the regulations of the company.

PUBLICATION OF NOTICES IN NEWSPAPERS

177.  Subject to such provisions of the listing requirements as may apply specifically to the
manner in which certain notices are to be published in the newspaper(s):

1. Every prospectus issued by or on behalf of the company or by or on behalf of any person
who has been engaged or interested in the formation of the company shall, in its full text or
in such abridged form as may be prescribed, be published by the company in at least one (1)
Urdu and one (1) English daily newspaper, in accordance with the provisions of sections 53,
57 and 64 not less than seven (7) days or more than thirty (30) days before the subscription
list, as specified in the prospectus, is due to open. Provided that the company may, for
special reasons and with permission of the commission, publish the advertisements of a
prospectus more than thirty (30) days before the subscription list is due to open.

2.  The company may, on giving not less than seven (7) days notices by advertisement in a
newspaper having circulation in the Province, or part of Pakistan not forming part of a
province, in which the office of company is situated and, in addition, in a newspaper having
circulation in the Province, or other part as aforesaid, in which the stock exchange(s) on
which the company is listed is / are situated, close the register of members or debenture
holders, as the case may be, for any time or times not exceeding in the whole forty-five (45)
days in a year and not exceeding thirty (30) days at a time, in accordance with section 151.

@‘géﬁéral meetmg of the company, whether annual or extraordinary general
B\Ib‘be ubllshed in at least one (1) issue each of daily newspaper in English

langua %r)bd? 4 *newspdper in Urdu language having circulation in the province in
which the Sto¢ B e(s} on which the company is listed is / are situated, in accordance
with sddf@n | \tj /@(7)

4. All not 'tfecex\géd @ t116 company in pursuance of section 178 (3) for electlon as a

the general me which the directors are to be elected, by publication in at least one (1)
issue each of a daily newspaper in English language and a daily newspaper in Urdu
language having circulation in the Province in which the stock exchange(s) on which the
Company’s securities are listed is / are situated, in accordance with section 178 (4).
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178.

179.

If a resolution is to be passed at the company’s annual general meeting appointing as
auditors a person other than a retiring auditors, the company shall, not less seven (7) days
before the date fixed for the annual general meeting, publish in at least one (1) issue each of
a daily newspaper in English language and a daily newspaper in Urdu language having
circulation in the province in which the stock exchange(s) on which the company is listed is
/ are situated, in accordance with section 253 (2).

Notice of any resolution for winding up a company voluntarily under section 358, shall be
given by the company within ten (10) days of the passing of the same by advertisement in
the official Gazette of Pakistan, and also in a newspaper circulating in the province where
the office of the company is situated and, in addition, shall also published in at least one (1)
issue of a daily newspaper in English language and a daily newspaper in Urdu language
having circulation in the province in which the stock exchange(s) on which the company is
listed is / are situated, in accordance with section 361 (1).

IX. AMALGAMATION, DIVISION AND RECONSTRUCTION

Subject to and in accordance with the provisions of section 287, the company may
reconstruct, amalgamate into another company or divide into two (2) or more companies
in the process of which the whole or any part of the undertaking, property or liabilities of
the company or any other company, may be transferred to any other company or the
company, respectively, as the case may be. Provided that an

3 ay“{f/@pthorlsed by a
‘%r :g&iﬁ?ﬁ's Bf any other
e ~pr to be formed

for the purchase in whole or in part of the property of t
the profits of the company permit) or the liquidator (in a S/ distribute such
it1 members without
realization, or vest the same in trustees for them, and any m}erg splution may provide
for the distribution or appropriation of the cash, shares or otheE he-securities, benefits or
property, otherwise than in accordance with the strict legal rights of the members or
contributories of the company, and for valuation of any such securities or property at
such price in such manner as the meeting may approve, and all holders of shares shall be
bound to accept and shall be bound by any valuation or distribution so authorised, and
waive all rights in relation thereto, save only in case the company is proposed to be or is
in the course of being wound up, such statutory rights (if any) under section 367 of the
ordinance as are incapable of being varied or excluded by these articles.

X. SECRECY

Every director, manager, adviser, auditor, trustee, member of a committee, officer,
servant, agent, accountant or other person employed in the business of the company shall,
if so required by the directors before entering upon his duties, sign a declaration pledging
himself to observe a strict secrecy respecting all transactions of the company with its
customers and the state of accounts with individuals and in matters relating thereto and
shall by such declaration pledge himself not to reveal any of the matters which may come
to his knowledge in the discharge of his duties except when required to do so by the
directors or by any meeting or by any court of law and except so far as may be necessary
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180.

181.

182.

183.

184.

in order to comply with any of the provisions in these articles contained.

No member or other person (not being a director) shall be entitled to enter upon the
property of the company or to inspect or examine the company’s premises or propertics
of the company without the pcrmission of the directors for the time being or, subject to
the provisions of article 119, to require discovery of or any information respecting any
detail of the company’s trading or any matter which is or may be in the naturc of a trade
secret, mystery of trade, or secret process or of any matter whatsoever which may relate
to the conduct of the business of the company and which in the opinion of the directors it
will be inexpedient in the interest of the members of the company to communicate.

XI. ARBITRATION

Whenever a difference arises between the company on the one hand and any of the
members, their executors, administrators, or assignees on the other hand touching the true
intent or construction or the incident or consequenccs of these presents, or of the status of
enactment’s of the legislature, or touching anything then or thereafter done, executed,
omitted or suffered in pursuance of these presents or of the status of enactment’s touching
any breach or alleged breach or otherwise relating to the premises or to these presents, or
to the status or to any of the affairs or officers of the company, the company by written
agreement refer to arbitration in accordance with the Arbitration Act 1940 (X of 1940)
and every such difference shall be referred to the decision of an arbitrator to be appointed
by the parties in difference or if they cannot agree upon a single arbitrator, to the decision
of two arbitrators, one appointed by such party, or in the event of disagreement of the
arbitrators, to that of an umpire appointed by arbitrators themselves. The provisions of
Arbitration Act 1940 (X of 1940) shall apply to all arbitrations between the company and
persons having such difference.

The costs of, or incidental to any such reference and award shall be in the discretion of
the arbitrgig (arB‘i‘t{'a‘tbrs or umpire as the case may be who may determme the amounl

thereof

borne
In the }u i’fm % ”{Etgte claim or controversy arises betwecn the Company, its
managenRgtpy; ity sharhplders, or between the shareholders inter-se, or the directors
. "be taken to settle the dispute and resolve the issue through
mediation by an accredited mediator before taking recourse to formal dispute resolution

such as arbitration or litigation

XII. WINDING UP

If the company shall be wound up and the assets available for distribution among the
members, subject to the rights attached to any preference share capital, as such shall be
insufficient to repay the whole of the paid-up capital, such assets shall be distributed so that
as nearly as may be the losses shall be borne by the members in proportion to the capital paid
up on the shares held by them respectively. And if in a winding up the assets available for
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185.

186.

distribution among the members shall be more than sufficient to repay the whole of the
capital paid up at the commencement of the winding up, the excess shall be distributed
amongst the members in proportion to the capital at the commencement of the winding up,
paid up on the shares held by them respectively. But this article is to be without prejudice to
the rights of the holders of shares issued upon special terms and conditions.

If the company shall be wound, whether voluntarily or otherwise, the liquidator may with
the sanction of a special resolution divide among the members in specie or kind any part
of the assets of the company, and may with the like sanction vest any part of the assets of
the company in trustees upon such trusts for the benefit of the members or any of them as
the liquidator with the like sanction shall think fit.

XIII. INDEMNITY

Every director or officer of the company and every person employed by the company as
auditor shall be indemnified out of the funds of the company against all liability incurred
by him as such director, officer or auditor in defending any pr whether civil or
: \\\L
criminal, in which judgment is given in his favour, or in 20 oAy, acqultted or in
connection with any application under section 488 of th @dm eﬁ%hwh relief is
S \

granted to him by the court. X
RV

+
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We, the several persons whose name and addresses are subscribed below, are desirous of being
formed into a Company in pursuance of this Article of Association, and we respectively agree to
take the number of shares in the Capital of the Company indicated herein below against our
respective names:

Witness to above signatures.

Name: National Institutional Facilitation Technologies (Pvt. ) Ltd

Nationality: Pakistani

Address: 5th Floor, AWT Plaza, 1. I. Chundrigar Road, Karachl

S. Name & Surname NIC No. (In Case Of | Natioaality With Residential Number Of Signatur
(Present & Former) / | Foreigner, Passport Any Former Address In Shares Taken | ¢ of the
No. No.) Nationality And Full By Each Subscri
Father / Husband Occupation Subscriber ber
Names In Full Block
Letters.
[ Mr. Abdur Rahim PAKISTAN House No. 25,000
34-H-1,
S/0 Muhammad 42201-0409988-5 Business Block-6. (Twenty Five
Tariq Rafi PE.C.HS.. Thousand
Karachi. Shares)
2 Mrs. Anum Abdur PAKISTAN House No. 24,999
Rahim 34-H-1.
Business Block-6. (Twenty Four
W/0O Abdur Rahim 42201-8648714-6 PE.C.HS.. Thousand
Karachi. Nine Hundred
Ninety Nine
Shares)
3 Mr. Muhammad PAKISTAN House No. 1
Ahmed S/0 Haji A-189/17,
Ibrahim Corporate Rahimabad, (One Share)
42101-1426211-1 Executive Federal B
Area,
Azizabad,
‘//'s\‘““ [ . Karachi.
3 ,b Total 50,000
‘ ,,Hlﬁv‘-ﬁt Rd
5\‘{9 fap‘f‘. " Number of A
2 3 3 "y '.;‘ Shares. (Fifty
f: %:;Q j\;‘ (, Thousand
" Q;Ikg‘;éfé\, Shares)
\C,, O S
s § ot
Dated the 22" ruary 2016
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BRIEF PROJECT INFORMATION




Project Background

Access Infra Central Asia (“Access”) and Siddigsons Limited (“Siddigsons”) (the
“Developers”) have developed a 50 MWp photovoltaic plant at Kohat, KPK, Pakistan (the ‘Project’
or the ‘Plant’).

The site is, located 25.06 km to the south of the town of Kohat, 4.61 km south east of Lachi on
Indus Highway (N55) and approximately 75 km south of the provincial capital, Peshawar in Khyber
Pakhtunkhwa, Pakistan. The available site, of approximately 284 acres, is privately owned land. The
climate in Kohat is hot, sometimes extremely hot summers and mild to warm winters. It is mainly
hot semi-arid climate range from 2°C in January to almost 43°C in July.

Since the issuance of the LOI in 2016 which was further extended in 2018, the Applicant conducted
various studies to assess the feasibility of the Project. These studies included the Solar Resource
Assessment, Geo Technical investigation, Digital topographic map, Initial Environmental
Examination and Grid interconnection Study. The Project Company submitted the complete
feasibility to PEDO and it has been approved by PEDO on 19 February, 2018.

Project Site

The 50 MWp Solar Power Project is in Kohat, KPK-Pakistan. The site is, located 5.06 km to
the south east of the town of Lachi, in Khyber Pakhtunkhwa, Pakistan.

The available site, of approximately 284 acres is privately owned land. The site is based on in a
complex terrain consisting of muldple depression and ridges. Most of the terrain is covered with
wild bushes & shrubs with only a few small trees along the west boundary of the site. There are
scattered villages near the eastern boundary of the site and a few houses are located within the site

on a ridge towards the north east. The overview of Site is shown in Figure below.
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The project site coordinates and details are as listed in Table below:

Item Description

Site coordinates 33°21'39.86"N, 71°22'44.06"E
Altitude (meters above sea level) 457

Site Area (Hectares) 115

Global Horizontal Irradiation 1799.2

(kWh/m2/vear)

Solar Farm Layout at Project Site:

The tentative layout at the project site is shown in Figure below.
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Topographical and Geological Conditions at Project Site:

The geotechnical report has been prepared by AJK Engineers with the findings of
geotechnical and electrical resistivity surveys as well as sample test results from soil test lab of AJK
Engineers and UET Laboratory in Lahore.



17 boreholes were carried out using light percussion method, and 10 undisturbed soil samples were
collected. During these investigations, the subsurface was explored to a maximum depth of 15 feet
below the existing ground surface. Furthermore, Standard Penetration Tests (SPT) were performed
at 3-to 5-feet regular intervals up to the investigated depth. The locaton of the samples and
boreholes is considered to draw an appropriate grid to cover the large size of the proposed area.

At the time of these investigations, the depth of groundwater was not encountered. However,
several fields within the site have a sole layer of dense gravel with silt that may hinder the drilling or
driving of the foundations.

To avoid possible attack ot chloride on cement and minimize corrosion potential the
concrete mix should be desighed using a water cement rato not greater than 0.45. A layer of
bitumen coating should be applied to the exterior of all the foundation and other concrete coming in
contact with soil. Additonally, the electric soundings conducted show low resistivity values at the
upper soil depths (0 to 1.5 m), i.e. the top soil layer has high conductivity that implies high potential
for corrosiveness. In addition, the resistivity tests conducted in the northernmost fields have found

that the underlying soil layer (depths of 1.5 m to 4 m) have medium conductivity.

Site Accessibility:
The site is accessed by an inroad leading in from the Indus Highway as shown in below

Figure. By road, Lachi town is 27.9 km from Kohat.

Most deliveries of equipment are expected to be made via KKohat and Lachi. Several of the in-roads
splitting away from the main Indus Highway are observed to be muddy or pootly laid roads which
could potendally cause delays in deliveries to the site once the trucks/cranes have reached the
vicinity of the Kohat site. All deliveries to the site would be recetved at the site entrance and a turn-
out bay will be required to allow trucks to turn off and merge on to the link road safely.

The most logical location for the site entrance and laydown area is in north-west of the site, adjacent
to the road leading to the site. This locaton offers not only easy access but will minimize disruption

to construction activities within the solar field. Fencing and security should be provided for the



laydown area at the site from commencement. Main and alternate routes are available at the site as

shown in below figure. The same has been included in the proposed access to the site in the layout.
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Availability of Semi-Skilled and Skilled Labor:

There is a dearth of solar project specific skilled labor in the area, however unskilled and semiskilled
labor is available in the area and the Project will be a source of employment for individuals.

Grid Connectivity:

The Project would be connected to 132 kV PESCO Network.

Annual Energy production:

The predicted Annual Energy Production of the project is 85071 MWh. The tables below show key
details relating to power generation from the Project.

Pant Capacity 50 MW
Annual Energy (Year 1) 87,622

Capacity Factor (Year 1) 20%
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Technology of Inverters




Technology of Inverters:

The details of panel are given in table below.

Parameters

DC Part - Input

Vmax DC

MPP range (at Pacr and Vacr)
Max. input current DC

AC Part - Output

Rated AC power at 25°C/ 50°C
AC voltage range

Minimum effictency
Frequency

Power Factor

Ambient Condition and
Classification
Ambient Temperature (operating)

Maximum relative humidity
Altitude (m)

IP protection

Make (Sungrow)

1500
875 - 1300
4178

3593/ 3125
10 - 35 kV
98.7%
50 Hz / 45 — 55 Hz, 60 Hz / 55 - 65 Hz
> 0.99 / 0.8 leading — 0.8 lagging

-35 to 60 "C (> 50 °C derating)
0 - 95 %%
1000 m (standard) / > 1000 m (optional)
P54



CONTROL, METERING
INSTRUMENTATION & PROTECTION




Control, Metering Instrumentation & Protection for 50 MWp PV Plant:

Operation Control:

The main task of the operation control is to ensure an automatic and safe operation of the Solar
Plant in all situations by monitoring and constantly keeping the parameters within the set range as
stored in the control computer of the plant.

To achieve this, a real-time control system will be used, that will query relevant data and processes it
further. The parameters will be provided by Solar Module Manufacturer and are adapted to the
respective site. The objective is a safe and automatic operation of the Solar Plant in all situations.

Control of Solar Plant:

The propriety Solar Plant monitoring software will be used for Solar Power Plant. It offers
comprehensive options to monitor and control a Solar Power Plant. The two essental tasks of a
Solar Plant controller are:

» The optimum fulfillment of the grid operator feed-in regulations
» Ensuring output of the maximum possible power from the Solar Plant in case of error (internal
or external)

The above tasks can, among other things, be realized by:

» Starting and stopping the Panels in a staggered sequence
» Active power limitation.
» Reactive power management.
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Plant Characteristics:
The characteristics of Solar Plant are as follows:

Plant Characteristic Value
Generation Voltage 132kV
Power Factor 0.95
Frequency 50 Hz

Automatic Generation Control SCADA controlled



SAFETY & EMERGENCY PLANS




Safety & Emergency Plans:

Fire Protection:
The fire prevention design of 132 kV plant substation in this project will follow the IEEE-
979 Standard for substation fire protection.

Because the plant substation won’t be close to town, one full-time firefighter will be hired on
site. In the case of minor fire, the fire will be fought by the control center. In the event of a major

fire, the fire should be put out with the support of the local fire brigade.

Fire hydrants, sand boxes, portable fire extinguishers etc. will be set in the plant substation.
The width of pathways inside and outside of the station will be more than 4m, to allow easy access.
Main buildings will have emergency exits which open to the outside. Power supply for fire
prevention will adopt an independent double loop, both of which will be respectively connected
through the 33kV busbar. The fire prevention monitoring system would be set, and the fire
prevention planning would be made during the construction period.

Labor Safety:

During the project construction and operation, adherence to the principle of "safety first,
prevention crucial” to realize a full, whole-process, and all-around management and supervision and
assurance of safe and economic operation of various types of equipment and the personal safety of

the staff will be complied.

The hygiene and safety management institution may be set up in the Solar Plant, which
would be responsible for the education, training and management on aspects of health and safety
after the project is put into operation. .\ part time safety management personnel may be determined

in production department, who will be responsible for labor safety and industrial hygiene daily.

Tour inspection regulations, operation monitoring regulations, and maintenance regulations should
be established, and daily safety maintenance on the relevant apparatus, instrument and equipment

for production should be done.

As per features of the project, the hygiene and safety management institution should be
configured monitoring equipment such as sound level meter, and the necessary safety propaganda

apparatus,

The main contents of labor safety and industrial hygiene design are to analyze the hazard
factors which may exist during the operation period ,such as fire and explosion protection, electrical

injury, mechanical injury, and electromagnetic radiation, and risk factors which are possibly existing



in high-altutude operations, excavation, lightning and electrical protection and other work during the
construction period, to formulate the corresponding measures, establish the corresponding

institution and emergency plan, and put forward a special investment and implementation plan.

Accident Emergency Rescue Preplan:

The enterprise managing and operating the Solar farm shall conscientiously implement
relevant national laws and regulations for production safety, perfect the rules and regulations, put
into effect layer upon layer the production safety responsibility system, enhance the current
management of production safetv and on-site safety inspection, and organize productdon and
operating activities strictly as per relevant regulatdons. The enterprise shall search out in dme any
hidden dangers, rectify and reform the hidden dangers consciendously, work out safety
countermeasures, assure labor resources material resources and registered capital required for the
production safety, improve the safety education training of employees, and prevent new accident
potential from occurring. The Solar farm shall establish accident emergency rescue system, work out
accident treatment preplans (including salvage preplans and technological preparation preplans) in
view of potentally affected areas, study out operable responding measures, and designedly organize
actual training exercises so as to grasp the preplans, find out the errors and detects of the emergency
preplans in process of training exercises, hereby work out analysis reports on training exercises, set
forth corrective measures, and finish the improvement of emergency preplans.

The Solar farm shall establish an early-warning mechanism, emergency treatment capacity
and accident emergency rescue action project against sudden major accidents. Corresponding
emergency preplans shall be worked out for typical accidents related to Solar prevention and
moisture protection etc., and more detailed, normative and complete accident emergency preplans
shall be worked out for potential major accidents such as typhoon, fire, explosion, electric-power
secondary system accidents, and construction-period major artificial accident prevention.



Generation License
50MWp PV Plant at Kohat
in the Province of KPK

SCHEDULE-I

The Location, Size (i.e. Capacity in MW), Type of Technology,
Interconnection Arrangements, Technical Limits,
Technical/Functional Specifications and other details specific to
the Generation Facilities of the Licensee are described in this
Schedule
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Generation License
50MWp PV Plant at Kohat
in the Province of KPK

Land Coordinates of the Generation Facility/Solar Farm

L. o O <

S. No.

P1
P2
P3
P4

Total Project Land: Approx. 284 Acres

Latitude

33.358092°
33.357964°
33.365006°
33.364936°

Longitude

71.371181°
71.386617°
71.387036°
71.370408°
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Generation License
50MWp PV Plant at Kohat
in the Province of KPK

Land Coordinates of the Generation Facility/Solar Farm

Total Project Land: Approx. 284 Acres

Pl 71.371181°

33.358092°

P3 3.65()06° 71.387036°
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Generation License
50MWp PV Plant at Kohat
in the Province of KPK

ocess Flow Diagram of the Solar Power Plant/Solar Farm

PV module

1 Solar module {photovoitaic modute) 3
2 Solar string 4

Inverter

Solar amray

Transformer
+ switchgear

5 Solar array junction box

Sofar generator 6  inverter
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Generation License
50MWp PV Plant at Kohat
in the Province of KPK

Single Line Diagram (Electrical) of the Generation Facility /Solar

Farm
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Generation License
50MWp PV Plant at Kohat
in the Province of KPK

Interconnection

Arrangement/Transmission Facilities for Dispersal of Power from

the Generation Facility/Solar Farm

The inter-connection will be done by a double circuit line of length 7.5 km originating from
Solar PV plant Kohat to Lachi 132 kV substation.

Solar PV power plant would be interconnected to the 132 kV Lachi line. Hence, the grid
interconnection scope for power transfer of ‘50 MW Kohat Solar PV Power Plant’ in particular
is projected with;

e A 132kV double circuit transmission line, approximately of 7.5 km length from 50MW
Kohat Solar PV Plant is connected to 132kV Lachi Grid Station under PESCO
jurisdiction.

e Two step-up Power Transformers of 132/33kV, 60MVA capacity for 50 MW Kohat
Solar PV Power Plant’.

The national grid system after addition of the solar PV plant was analyzed for load flow, short
circuit, transient stability and power quality studies to determine whether the plant connection
with the PESCO grid meets the NEPRA/NTDC Grid Code requirements.
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Generation License
50MWp PV Plant at Kohat
in the Province of KPK

Detail of

Generation Facility /Solar Farm

(A). General Information
(1). | Name of Licensee Siddigsons Kohat Solar Limited
. Registered/ oy .
(i1). : 27th tloor, Ocean Tower, G-3, Main Clifton Road, Karachi
Business Oftfice
iy, | Location  of the | o KPK - Pakistan
generation facility
. Type of generation N e
(1v). facility Solar Photovoltaic (PV)
(B).  Solar Power Generation Technology & Capacity
). | Type of Technology Photovoltaic (PV) Cell
i). stem Type rid Connecte
i Sy Typ Grid C d
Installed Capacity of
(-} Solar Farm(MW) S0 MWp
. ecnnic etails o uipment
(C).  Technical Details of Equip
(a). Solar Panels — PV Modules
). | Type of Module Poly-PERC Module
(). | Type of Cell Poly-crystalline, 6 inch
Dimension of each
I 1960 * 992 * 35 mm
. No. of Panel
(iv). /Modules 147,057
(v). | Module Area 287,200 m*
(vi). | Panel’s Frame Anodized aluminium alloy
(vil). | Weight of one Module | 22.4 kg
No of Solar Cells in
(). each module 72 cells
(ix). | Efficiency of module | 17.49%
). Maximum Power 340 Wp

(Prnas)
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Generation License
50MWp PV Plant at Kohat

in the Province of KPK

(xi). | Voltage @ Puma 37.6V
(xii). | Current @ Puas 9.05 A
(xili). (%pc;n circuit voltage 450V
(xiv) ?Ih())rt circuit current 9.6 A
Maximum system
(). open Circuit Voltage 1500V
(b). PV Array
(1). | Nos. of Strings 5054
(i1). | Modules in a string 28
(c). Inverters
(i). | Capacity of each unit | 3125 kW
(i). | Manufacturer Sungrow
Input Operating
(). Voltage Range 875 -1500 V
(iv). | Number of Inverters 12
(v). | Efficiency of inverter | 99.0%
(vi). Max. Allowable Input 1500
voltage
(vi). | Max. Current 4178 A
Max. Power Point
(vii). Tracking Range 875 -1300 V
(ix). Output electrical 33 kV
system
(x). | Rated Output Voltage | 10 — 35 kV
(xi). Z((’i‘]’i‘?t Sjgor > 099 / 0.8 leading — 0.8 lagging
(xii). | Power control active & reactive power control and power ramp rate
' control
(xai1). | Rated Frequency 50 Hz / 60 Hz
(xiv) g““‘o“me“tal Audible Noise | N.A.
nclosures

Operating
Elevation

1000 m (standard) / > 1000 m

(optional)

Page 8 of 10 of Schedule -1



Generation License
50MWp PV Plant at Kohat
in the Province of KPK

Operating -35 10 60 °C (> 50 “C derating)
temperature
A DC input protection
B Inverter output protection
C AC MV output protection
Grid Operating D Overvoltage protection
protection B Grid monitoring / Ground fault
monitoring
F Insulation monitoring
G Overheat protection
H Night SVG function

| SE—

Junction Boxes Installed and fixed on main steel structure in Array yard.

i) Number of J/Box 330
| units
. Input circuits in each
Y 16
Max. input current for
(1) each circuit 244
(iv). | Protection Level IP65
. Opver current Yes
v). protection >
(vi). | Surge protection Yes
(e). Data Collecting System
(1). | System Data SCADA system
. Power Transformer
(1). Rating 50 MVA
(). | Type of transformer Oil-immersed
(iii). EerE?;:mer of Step-up transformer
(iv). | Output Voltage 132kV
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Generation License

50MWp PV Plant at Kohat

in the Province of KPK

(D).  Other Details

Project Commercial

(). Operation date | Q1 2020
(COD)-Anticipated
Expected Life of the
Project from

(it). Commercial 25 years
Operation date
(COD)
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siddiqsons

Prospectus

Siddigsons Nowshera Solar Limited (herein after “SNSL”) is Special Purpose Entity for 50 MW Solar
Power Plant in Nowshera - KPK, Pakistan formed by Access Power Limited and Siddigsons Group in
2016.

Access Infra Central Asia Limited

Access Infra Central Asia Limited (‘AICA’) was established as a special investment vehicle to propel
investments in the sustainable energy and infrastructure domains in the Central Asian region with a
keen focus on Pakistan and CIS countries. AICA’s main shareholders are Access Power and Total EREN
SA.

Access Power (‘Access’) was founded in 2012 with the ambition of becoming a leading developer of
power assets in Africa and the Middle East. Access Power is actively developing a portfolio of
renewable energy projects in 17 African countries and has a dedicated investment budget of USD 800
million. Access focuses on developing affordable and sustainable power assets across a range of
technologies.

Founded in 2012 by Paris Mouratoglou and David Corchia, Total Eren (‘TEren’) has built up a
substantial and diversified portfolio of wind, solar and hydroelectric assets representing an installed
gross capacity of more than 1500 MW in operation or under construction worldwide. Through
partnerships with local developers, TEren is currently developing numerous energy projects in
countries and regions where renewable energy represents an economically viable response to growing
energy demand, such as in Asia-Pacific, Africa and Latin America. Its objective is to achieve a global
net installed capacity of more than 3 GW by 2022. On 1 December 2017, Total, the major energy
company, has acquired an indirect 23% interest in Total Eren.

Through its various subsidiaries, Access is currently developing a portfolio of power assets in over 23

countries in Africa and Asia and has significant experience in working with Development Finance
Institutions such as IFC, KFW, FMO, EBRD, ADB, PROPARCO among others.

Below are some of Access Power’s notable accomplishments on the African continent since Its
inception in 2012.

e Financial Close and Commissioning of one of the first and largest solar PV IPP projects in East
Africa: a 10 MW PV solar plant in Uganda as part of the national GET FIT program organized

by KfW and the Government of Uganda. The project reached financial close in record time and
has commenced operations as of November 2016. Access has also recently begun
construction of the 126 MW Benban solar PV project in Aswan, Egypt funded by EBRD. PPAs
were signed In April 2017.

27" Floor, Ocean Tower, G-3, Block-9, Scheme #5, Main Clifton Road, Karachi
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¢ Development of 50 MW solar PV in Nigeria and 130 MW wind in Zambia: Access is currently
under advanced financing stages for a 50 MW solar PV project under the FiT program launched
by the Government of Nigeria, and a 130 MW WPP in Zambia. Both projects are in advanced

stages of development. Access is also expanding its portfolio in Central Asia with the
development of a 150 MW wind energy project in Armenia, a 130 MW solar PV and 50 MW
wind energy project in Kazakhstan.

Siddigsons Power Limited

Siddigsons Power is the Power Sector Development division of Siddigsons Group with the mandate to
establish Coal and Renewable Energy IPPs for a sustainable energy-secured future of Pakistan.
Siddigsons Group entered the power sector through Siddigsons Energy Limited, with the initiative to
establish an imported-coal based IPP in Pakistan and contributing to the elimination of power crisis in
the country. This 350 MW Coal Project, is being established in Eastern Industrial Zone, Port Qasim,

Karachi and is in its advanced stages of development and expected to come online in 2019. Engro
Corporation recently announced its investment of USD 21.375 million by way of subscription of
ordinary shares in Siddigsons Energy Limited, the SPV formed to develop the coal projects. Siddigsons
Group'’s renewable energy portfolio consists of the following assets:

50 MW (Gross) Solar IPP in Chakwal, Punjab (“Chakwal Solar”)
50 MW (Gross) Solar IPP in Nowshera, KPK (“Nowshera Solar”)

50 MW (Gross) Solar IPP in Lachi, Kohat, KPK (“Kohat Solar”)
50 MW (Gross) Solar IPP in Sukkur, Sindh ("Sindh Solar")
35 MW (Gross) Run-of-the-river Hydro IPP, Jagran-lil, in Neelum District, AJK (“Jagran-ll Hydro”)

e wNeR

The proposed Solar Project use clean and renewable solar resource with zero emission, when put into
operation, the project can provide power supply to the central Pakistan power grid, which currently is

mainly relying on fossil fuel. Therefore, it can help to reduce the greenhouse gas emission from coal
or oil-fired power generation. By estimating, after the completion of the station, it is expected to
provide electricity grid each year about 87,622 MWh, compared with the same capacity of thermal

power, equivalent to annually save about 27000 tons of Sulfur oxides (SOx) of about 2500 tons of
nitrogen oxides (NOX) about 1250 tons coal, reducing various atmospheric pollutant emissions, which
reduce carbon dioxide (CO2) about 8000 tons.

Therefore, the proposed Solar project has no impact for surrounding society and environment.

27 Floor, Ocean Tower, G-3, Block-9, Scheme #5, Main Clifton Road, Karachi



PESHAWAR ELECTRIC SUPPLY COMPANY

PROJECT MANAGEMENT UNIT PESCO PESHAWAR
PRONe # 091-9210987. Fax 4 091 9213018

No CF vy 200§ ¢ 7
| i RN Dated £ 1032014

Chiel Conunereiad OM{lver
PESCO Peshawar

Subiect: GRID_INVERCONNECTION §1UDY ASSESSMENT OF 50 MW
ROUALSOLAR POWER PROJECT AT LACIH, KPK, PAKISTAN

Reterence (1) Projoeet Director Siddigsous, Kohat Solar Limited letter, $5-
Solar/PESCO/K ohat-002 dated 23.01.2017.
(2) This office lettey No. CE (Dev)/208-10 dated 05.01.2018.
(3)  Project Director Siddiqsons, Kohat Solar Limited letter No.
J SEL/PESCO/180129 dated 30.01.2018.

The site has already been visited by the representatives of PMU office, GSO
office arid GSC office.

The Grid Interconneciion Study report of the subject Power Project has been
vetted for Load Flow, Contingency, Short Circuit and Stability analysis. The
proposed interconnection scheme through 7.5 km Double Circuit
Transmission Line from proposed 132 kV Kohat Solar Power Project to 132
kV Grid Station Lachi using Lynx conductor for connecting the said Power
Project is found technically feasible and approved.

: S YN AN
, Chief Engineer (Development)
PMU PESCO Peshawar

. Copy to: )

o

/ imited 27° Floor, ¢
\/ 1. Project Director Siddigsons, Kohat Solar Limited 27" Floor, Ocean Tower,
G-3, Block-9, Scheme # 5, Main Clifton Road, Karachi w.r.t his letter

referred above.
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DISCLAIMER

POWER-tek takes reasonable steps to ensure that all work performed shall meet industry standards, and
that reports shall reasonably free of errors, inaccuracies, or omissions.

POWER-tek DOES NOT MAKE ANY WARRENTY OR REPRESENTATION WHATSOVER, EXPRESS OR IMPLIED,
WITH RESPECT TO THE MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OF ANY
INFORMATION CONTAINED IN THIS REPORT OR THE RESPECTIVE WORKS OR SERVICES SUPPLIED OR
PERFORMED BY POWER-tek. POWER-tek DOES NOT ACCEPT ANY LIABILITY FOR ANY DAMAGES, EITHER
DIRECTLY, and CONSEQUENTIALLY OR OTHERWISE RESULTING FROM THE USE OF THIS REPORT.

The direct customer of this report work will review and check information; data and studies contained in
this report fully and will then decide on its own responsibility of consequence(s) for further investigation or
implementation.

The data, information, simulation work and its results in this report are subject to confirmation and
updating by field measurements by the direct customer or its contractors.
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Executive Summary

Pakhtunkhwa Energy Development Organization (PEDO}, Pakistan has issued a “Letter of Intent” {LOI) for
this 5o MW Solar Kohat PV Project to Access Energy with expected Commercial Operation Date (COD) as
December 2017. The project is situated in Kohat district of Khyber Pakhtunkhwa Province, Pakistan. The
inter-connection will be done by a double circuit line of length 7.5 km originating from Siddigsens Kohat bus
to Lachi 132 kV substation.

Siddigsons Solar PV power plant would be interconnected to the 132 kV Lachi fne. Hence, the grid
interconnection scope for power transfer of ‘Siddigsons 50 MW Kohat Solar PV Power Plant’ in particular is
projected with;

*  A132 kV double circuit transmission line, approximately 7.5 km length from Siddigsons Kohat is
connected to Lachi 132 kV grid station.

» 2transformers 132/33 kV of 60MVA capacity for ‘Siddigsons 50 MW Kohat Solar PV Power Plant’.

The national grid system after addition of the solar PV plant was analysed for load flow, short circuit,
transient stability and power guality studies to determine whether the plant connection with the PESCO grid
meets the NEPRA/NTDC Crid Code requirements. '

The latest and up-to-date network model base cases were used as provided by 56 MW Solar Kohat PV Power
Project. Generation and Transmission expansion plans have also been incorporated as delivered by PESCO,
whereas steady state, sequence and dynamic data for the Siddigsons PV plant is processed to build the
steady state, short circuit and dynamic models in PSSE software format.

The analysis has been performed for September 2018, winter 2018 and summer 2021, peak cases of the
interconnection year 2018-1¢ and horizon year 2021-22 of studies respectively. The power flow analysis shows
that the bus voltages and line loadings in all the cases, with and without addition of the subject solar PV plant
are within acceptable limit of defined planning criteria. The results were also validated as per the standards
of line loading and bus voltage limits in associated N-1 post-contingency conditions.

Maximum short circuit level at LV, MV and HY (POI) buses of ‘Siddigsons 50 MW Kohat Solar PV Power "Plant’
in both the year of commissioning and horizon year were computed. Moreover, in order to see the short
circuit current contribution of ‘Siddigsons 50 MW Kohat Solar PV Power Plant’, maximum short circuit levels
at the substations located in vicinity of the project are also computed. The results show that fault levels are
within the circuit breaker duties with the addition of the subject project to the 132 kV network of 50 MW
Solar Kohat PV Power Project. '

The transient stability studies were carried out to check the dynamic impact on the solar PV power plant due
to potential faults in national grid system and, In turn, the impact of disturbances in the solar power plant on
national grid system. The solar power plant is found to meet all the transient stability requirements as per
defined by the NEPRA Grid Code. The results of transient stability analysis shows that the power system is
stable for the suggested interconnection scheme of the ‘Siddigsens 50 MW Kohat Solar PV Power Plant’ and
it fulfils all the criteriz for the generation connection with the power system.

In the power quality analysis, the major criterion of the power quality ie. flicker, voltage un-balance,
frequency operating range, harmonics and power factor has been investigated at the subject solar PV plant
for the worst case scenario, Moreover, the obtained values are compared with the standards of IEC
{IEC61400-21 and 1EC-61727) and the results show that the all the parameters remains within the acceptable
range of the IEC criteria.

Based on the study results, overall it is concluded that proposed generatich connection for ‘Siddigsons 50
MW Kohat Solar PV Power Plant’ meets the NEPRA/NTDC Grid Code and Planning Criteria.

Grid Interconnection Study - Siddigsons 50 MW Kohat Solar Project  January 2017 ) %
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1. Introduction

11 Project Background

Pakhtunkhwa Energy Development Organization (PEDO), Pakistan has issued a “Letter of Intent” (LOI) for
this 50 MW Solar Kohat PV Power Project toiAccess Energy with expected Commercial Operation Date (COD)
as December 2017. The project is situated in Kohat district of Khyber Pakhtunkhwa Province, Pakistan. The
inter-connection will be done by a double circuit line of length 7.5 km originating from Siddigsons bus te
Lachi 132 kV substation.

‘50 MW Kohat Solar PV Power Plant’ can be interconnected with the power system network of 50 MW Solar
Kohat PV Power Project at 132 kV voltage level. The transmission line passing nearby the land acquired for
the subject project is 132 kV Lachi grid station. In this study, & stable and reliable interconnection for 5o MW
Solar Photovoltaic {(PV) Power Plant by Siddigsons is considered at 132 kV 50 MW Solar Kohat PV Power
Project network.

1.2 Objective of the Study

The principal objective of this study “Connection assessment of Siddigsens 50 MW Kohat Solar PV Power
Plant to the National Grid System of Pakistan” is to assess the impact of the suggested interconnection for
the ‘Siddigsons 50 MW Kohat Solar PV Power Plant’ on the PESCO transmission system and vice versa. In this
study a most appropriate interconnection with the PESCO network is presented for the project.

The foitowing studies and tests are carried out in order to check the robustness of solar power plant and the
interconnection strategy of the desired system.

Fieid survey and data processing.
Load flow analysis.

Short circuit analysis.

Transient stability analysis.
Power quality analysis.
Recommendations.

oW oW

The above studies were carried out to demonstrate that the proposed connection plan of this plant meets
the National Electric Power Regulatory Authority (NEPRA) Grid Code Planning Criteria.

The system operational capability is analysed by the steady state analysis under normal and contingency
conditions. This particular assignment also aims at investigating that the connection of the solar power plant
with the PESCO system fulfils the criteria of transient stability. The criteria is that the system should be stable
enough that it should return to the normal state following the fading of a momentary actions in current,
voltage or frequency, without losing connectivity.

The proposed connection of this Solar PV Power Plant, operating up to 50 MW, subject to the requirements
specified in this report, is expected to have no material adverse impact on the reliability of the integrated
power system of PESCO,

1.3 Terms of reference

The studies package include, load flow studies, short circuit studies, transient stability and power quality
studies to determine whether the plant connection with the PESCO grid meets the NEPRA/NTDC Grid Code
requirements.

Grid Interconnection Study - Siddigsons 50 MW Kohat Solar Project  January 2017 ‘ 2
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* The load flow study investigates and addresses the voltage profile and overloading issues of the
transmission networks as a result of the proposed interconnection scheme, with and without
contingencies.

*  Ashart circuit study evaluates the short circuit levels of power plant’s switchyard and contiguous
network.

" Thetransient stability study covers the worst case scenario of the three phase faults including stuck
breaker conditions, without loss in synchronism of power plant.

* Power quality analysis ensures that there Is ne potential risk of power quality deterioration by
bringing on this converter based Solar PV Power Plant to the power system.

Grid Interconnection Study - Siddigsans 50 MW Kohat Solar Project  January 2017 3
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2. Methodology and Assumptions

2.1

Methodology

The methodology of the gird interconnection study follows the NEPRA/NTDC Grid Code planning criteria and
the studies are carried out in following sequence: .

POWER-tek collected the following network data of National Grid System of Pakistan from PESCO,

with authorization and support of Siddigsons:

o  Existing generation capacity and their dispatch in summer and winter seasons.

o Future generation expansion plans up to horizon year of study.

o Transmission plans of PESCO and 50 MW Solar Kohat PV Power Project up to horizon years of
studies.

o Load forecast of PESCO for the year of commissioning (base year) of ‘Siddigsons 50 MW Kohat
Sclar PY Power Plant’, up to horizon year of studies.
Base and horizon years’ PSSE base cases of load flow, short circuit and transient stabllity.
Existing and future planned network data (steady state, sequence and dynamic and sequence)
of the whole National Grid System in PSSE readabie format.

All the technical data both steady state and dynamic (solar PV panel model datz sheet and inverter
model data sheet etc.), relating to the specification of ‘Siddigsons 50 MW Kohat Solar PV Power
Plant’ is collected from Siddigsons.

All the above mentioned datafinformation provided by Siddigsons s attached in Appendix C.

The information and data regarding the interconnection arrangements for the subject power plant
involves discussion made with subject plant engineers and site surveys.

The power plant data is processed and then modeled in the overall PESCO network model. Updated
systern network is then reviewed and tested for its validity.

Multiple options for power transfer of subject power plant are prepared and analyzed; however,
the most appropriate interconnection proposal is adopted on the basis of results obtained by
system studies. '

Comprehensive load flow, short circuit, transient stability and power quality analysis are carried out
to determine the adequacy of the proposed interconnection arrangement as per NEPRA/NTDC Grid
Code planning criterla.

Results are compiled and analyzed in detail for above-simulations effectively in order to conclude
the study and complete the report accordingly.

Recommendations are submitted based on study results and findings.

All the system data processing, modeling and simulations are carried using PSSE software.

2.2 General assumptions

Following are some of the important assumptions usad for this study:

The generation plan used for the subject study is up-to-date, as it has an important role in planning
of power system.

Dispatch of the generation power plants is taken as per information provided by PESCO based on
the weather and seasonal conditions.

Grid Interconnection Study - Siddigsons 50 MW Kohat Solar Preject  January 2017 4
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* The transmission expansion plans of PESCO and 50 MW Solar Kohat PV Power Project are the
optimal ones as per load demand and generation requirements, ‘

*  The transmission plans of PESCO and 50 MW Solar Kohat PY Power Project would optimistically be
implemented as per their expected CODs, especially around the subject study region.

= PESCO provided load demand forecast is most recent and revised.

' The existing and already proposed shunt compeﬁsation capacitors of 5o MW Solar Kohat PV Power
Project are considered.

*  Steady state and dynamic data for ‘Siddigsons 50 MW Kohat Solar PV Power Plant’ is provided by
Siddigsons. Else otherwise, reasonable assumptions are made by POWER-tek based on prudent
industry practices for any missing or unavailable data.

* Applicable seasonal conditions and appropriate study years for the subject system study are
incorporated as suggested by PESCO, which are;
o Year 2018:
Peak load September and peak load winter load flow cases were selected as base year cases for
this study.
o Year 2021-22:
Feak load summer 2021 load flow case was selected as horizon year case for this study.

Crid Interconnection Study - Siddigsens 56 MW Kohat Solar Projfect  January 2017 5 '
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3. Interconnection Scope

The particular objective of this study is to develop and simulate a connection plan for the subject solar power
plant with a nearby transmission line/substation such that there is no physical limitation regarding the Right
Of Way (ROW) and free available capacity is accessible at the substation, POWER-tek analysed muliltiple
options for power evacuation of ‘Siddigsens 50 MW Kohat Solar PV Power Plant’ and on the basis of system
studies the most feasible interconnection proposal is suggested.

The grid interconnection scope for power transfer of ‘Siddigsonssoc MW Kohat Solar PV Power Plant’ is
projected with,

* A 132 kV double circuit transmission line, approx. 7.5 km length from Siddigsons 50MW bus is
connected to Lachi 132 kV grid station.

*  2transformers 132/33 kV of 60 MVA capacity for ‘Siddigsons50MW Solar PV Power Plant”.

Present Status Site Map with Interconnection of 50 MW Solar PV project is attached in Appendix B.

Grid Interconnection Study - Siddiqsons 50 MW Kohat Solar Project  January 2017 6
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4. Field Survey and Data Processing

4.1 Site Surveys and Related Meetings

The ‘Siddigsons 50 MW Kohat Solar PV Power Plant’ is located in Kehat district of Khyber Pakhtunkhwa
Province, Pakistan. Lachi 132 kV grid station is approximately 7.5 km away from Siddigsons Solar PV project.
The field survey of site was carried out in order to ensure the Right of Way {(ROW) and space availability at
interconnection poeints.

There is no problem identified during the site visit and meetingé with Siddigsons engineers pertaining to the
interconnection arrangements.

4.2 Collection of Data

The system study is based on the data and information provided by PESCO, 50 MW Solar Kohat PV Power
Project, CPPA and Siddigsons. Power plant’s location with coordinates, generation units and transformation
requirements, steady state and dynamic data of Solar PV Plant is provided by Siddigsons. However,
reasonable assumptions were made by POWER-tek to complete the study and the report, whenever certain
information was unavailable or needed correction in the provided steady and dynamic data and attached in
Appendix Cand D.

As per requirements of system studies the following data was collected from PESCO;
*  Existing and future generation capacity with their dispatch in summer and winter seasons.
» | oad flow base cases for the base year and future case for the horizon year modelled in PSSE.
»  Short circuit base cases for the horizon year of study modelled in PSSE.

*  Transient stabllity base cases for the COD year modelled in PSSE or Dynamic RAW data (.dyr) file of
the complete network of PESCO and DISCO systems.

4.3 Processing of Power Plant Data

After receipt of PESCO network data simulated in PSSE format and Siddigsons power plant data, POWER-tek
reviewed the data in order to verify the available and/or missing information, POWER-tek processed the
received raw data from Siddigsons into the PSSE software format in order to model the Siddigsons plant in
PSSE and to perform the simulation studies. :

This processed plant data is modelled in the overall PESCO network model as per proposed connection
scheme. POWER-tek assumed the missing or incorrect data based on prudent industry practices. PESCO
network medel is then updated by inclusion of the subject power plant. Updated PESCO network base case
is then simulated by considering the N-1 contingency analysis for each case using standard checks like
convergence, mismatch, number of iterations, voltage and thermal limits, and 15 seconds drift-run tests for
dynamics run.

The Siddigsons plant data is processed to build the following basic modeis in PSSE software format:
i, Steady state data for load flow analysis.
iil.  Sequence data for short circuit énalysis.

iii. ~ Dynamic data for transient stability analysis.

Grid Interconnection Study - Siddigsens 50 MW Kohat Solar Profect  January 2017 7
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4.3

Steady State System Modeling

Siddigsons solar PV power plant would have the net active power output of 50 MW as communicated by

them.

Steady state models of generator and transformers at Siddigsons solar power plant in PSSE software as

under:

4.3.2

For modeling in PSSE ‘Siddigsons 50 MW Kohat Sofar-PV Power Plant’ is modeled having 5 collector
groups of 10 MW AC (lumped solar PV generation) active power of solar PV generators with G.5.U
transformers of apparent power 11 MVA, 7 % reactance and transformation voltage levels of 11/o. 4
kV each.

As solar PV generatoer is a full converter based machine, therefore it is identically modelled as a type-
4 wind machine having control mode set as 2, which controls a remote bus voltage within the given
range of reactive power capability limits [Qmin; Qmax] In MVAR based on lead and lag power factor.
Whereas, schedule voltage controls this reactive power within the limits of power factor offered by
the solar PV inverters used.

Please note the following reference;

North American Reliability Corporation (NERC) Report on Standard Models for Variable Generation,
2010,

“The NERC Working Group recommends that grid side structure of the Type 4 WTG model may be used
for solar PV technoiogies since it represents a VSC. This is because PV is typically connected to the grid
with a VSC and it will behave electrically similar to a Type 4 WTG that has a similar electrical interface
with the grid—this is from a grid perspective looking at the electric response and neglects any of the
effects of the energy source.

From a steady-state, power flow and short-circuit analysis perspective, the behavior of the PV
technologies will behave in a similar fashion to a Type 4 WTG because of the VSC interface, and because
its power factor can be controlled based on the control functionality of the VSC design. its short-circuit
response will be limited to the current limit effected by the VSC under grid fault conditions”.

PV panels are decoupled from the grid by a power converter which is actually connected to the grid.
As for load flow models of most power electronic devices, the source reactance of this machine is
set as infinite: Xsource = 99990.

HV/MV (132{11 kV) transformers are modelied having11% reactance at 60 MVA ratings.

132 kV double circuit transmission line of length 7.5 km for interconnection of the Solar PV Project is
modeied having its per unit (p.u) resistance, reactance and susceptance according to 7.5 km line
length and 112 MVA rating.

Positive sequence parameters are employed in the steady state model of the under study power
plant.

Sequence Data Modeling

The short circuit model of the solar PV plant is used to carry out short circuit studies at its own switchyard
and existing adjacent substations.

Short circuit model of the solar PV plant has been prepared by representing a solar PV collector group as one
generator having a certain MVA rating and by using the following parameters of the generating units;

Positive sequence data,
Negative sequence data.

Zero sequence data.
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Since, this is a full converter based type solar PV power plant having X.ve, Xve, Xzero, Xsource= o0 or in PSSE its
value used is 9999. Therefore, ideally, it is not expected to affect the short circuit levels of adjacent
substations.

4.3.3 Dynamic Data Modeling of Solar PV Power Plant

PSSE Solar PV Unit dynamic stability model is developed to simulate performance of a photovoltaic (PV)
plant connected to the grid via a power converter. PSSE Solar PV Unit dynamic stability model is largely based
on the generic type 4 wind model, WT4, with the added ability to simulate output changes due to solar
irradiaticn.

ltis the power converter/generator module that calculates the desired value of injected current in the system
as a result to the MW and MVAR current commands from the electrical control module. The converter
control module develops both active and reactive current control commands.

The reactive control calcutates the reactive current command for the various control options, which could
be any of the following:

*  Remote bus voltage control
=  Power factor control
* Reactive power contral

However, the real power control does not depend on the idea that in order to fulfill the required real power
the machine should work. It compares the active power injected to the bus bar versus the power reference,
VAR (L+3}, and changes the active component of the injected current accordingly. Hence, the active current
signal is set up the produce power output from the power flow.

The converter/generator and electrical control modules for solar PV power plant are very close to respective
modules of the generic WT4 wind model. The wind type 4 converter is based on the inductien or synchronous
generators and generators are decoupled from the grid via back to back converters.

{Reference: Program Application Guide of PSSE Version 32, Volume-l, Cctober 2010),

Grid Interconnection Study - Siddigsons 50 MW Kohat Solar Project . January 2017 9
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5. Load Flow Analysis

5.1 Load Flow Study Objectives

A power flow study (or load flow study) is an analysis of the magnitude of bus voltages, line loadings, phase
angles of the bus voltages and power flows in a power system under steady-state conditions.

The main goal of foad flow analysis is to develop a reliable connection arrangement between the ‘Siddigsons
50 MW Kohat Selar PV Power Plant’ and the PESCO grid system, for the evacuation of 50 MW power from
the solar PV power plant thus satisfying the N-1 contingency conditions.

The proposed sclar plant is planned to be connected te the nearby 132 kv Lachi grid. station. A base case
model has been prepared, consisting of 220kV and 132kV system, and studies for the entire system have been
carried in order to assure that the proposed connection of the solar power plant is realistic for the maximum
load settings. '

The analysis has been performed for September 2018, winter 2018 and summer 2021, peak cases of the
interconnection year 2018-19 and horizon year 2021-22 of studies respectively. The power fiow conditions are
studied on the system study cases that include up-to-date generation, transmission facilities, and load
forecast representing the queue position applicable to this project.

Following are the important objectives of load flow analysis:

*  Confirmation that no voltage and thermal loading limits are exceeded as per NERPA Grid Code
Planning criteria.

*  Voltage profile of PESCO system.

*  Transmission line loadings In terms of Active (MW) and Reactive Power (MVAR) fiows.
®  Active Power {(MW) loss in the network.

* Transmission network and transformation reactive losses {MVAR).

*  Proposal of remedial solutions to any identified limitations or issues.

Arelative approach is used in the power flow analysis in order to determine the impact of the Siddigsons 50
MW Kohat Solar PY Power Plant project an the performance of the PESCO power system network in the
vicinity of Lachi and vice versa, First, performance of the base case systermn without Siddigsons PV projectis
evaluated in order to establish the baseline. Later, the analysis was performed with the addition of
Siddigsons PV plant and plotted on single line diagrams.

5.2 Load Flow Study Criteria

Load flow analysis is performed under the following conditions;
*  Steady state normal (N} operating conditions,
*  N-1contingency operating conditions around the plant.

The gird interconnection studies are carried out by considering the operational data defined by NEPRA Grid
Code and PESCQ planning criteria, which is listed as under;

5.2.1 Voltage limits

For the purpose of system planning, following voltage limits are defined for steady-state load flow analysis;
i Under normal operating conditions (N condition) all bus voltages shall be within the bandwidth of
x5 % of Nominal System Voltage.

Grid Interconnection Study - Siddigsens 50 MW Kohat Solar Project  January 2017 10
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ii.  Under N-1 contingency conditions all bus voltages shall be within the bandwidth of + 10 % of Nominal
System Voltage.

5.2.2 Component loading limits

Loading criteria for current carrying components (transmission circults, transformers, substation bus bars,
circuit breakers, disconnect switches and auxiliary equipment) for the purpose of evaluating steady-state
load flow studies is as follows;
i. Under normal operating conditions (N conditic;ns), all components shall be loaded below their
Normal Continuous Maximum Ratings.
ii. Under contingency conditions {N-1 conditions), all components shall be loaded below their
Emergency Ratings.

5.2.3 Frequency limits

The frequency of the PESCO Transmission System shall be nominally 50Hz and shall be maintained within the
following limits defined for exceptional circumstances.
i. Frequency Sensitive Mode shall be 49.8 Hz - 50.2 Hz. Such a variation is permissible to allow
frequency variations while ramping up generation and load pick-up.
ii. Protected periods of operation of the system at the frequency in the range of 49.5 Hz - 50.5 Hz
(Tolerance Frequency Band).
iil.  Minimum{Maximum Acceptable Frequency Band shall be 49.4 Hz - 50.5 Hz (Load Shedding
Threshold or Contingency Frequency Band), which is well within the applicable IEC Standards.

5.2.4 Power factor

A renewable power project will manage reactive power control to maintain the power factor within the
range of * 0.95 (lagging/leading), at full active power output at its interconnection point.

{Reference: NEPRA/NTDC Grid Code).

5.3 Reactive Power Control

iEC standard 61727 titled “Photovoltaic (PV) systems - Characteristics of the utifity interface” states that;

““The PV system shall have a lagging power factor greater than 0.9 when the output is greater than 50 % of the
rated inverter output power”,

However, the NEPRA/NTDC Grid Code criterion of  0.95 (lagging/fleading) power factor at POl defines the
reactive power requirements for renewable power plants at their full active power output.

The POI for ‘Siddigsens 50 MW Kohat Solar PV Power Plant’ is 132 kV level and the reactive power required
at 132 kV @ £0.95 = + 16.4 MVAR.

5.4 Load Flow Analysis without Addition of Siddigsons PV Plant

Thea power flow analysis without connecting the solar PV power plant to the base year 2018 power network
of PESCO system was simulated first. This section summarizes the pre-contingent steady state analysis for
the PESCO system load flow study.

The load flow analysis of network has been performed for the base year 2018 and Horizon year 2021. System
study cases of following scenarios were analysed and presented on single line diagrams (SLDs);

a  September 2018 peak load conditions.

®=  Winter 2018 peak load conditions.
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= Summer 2021 peak load conditions.

The results of the system are presented for normal (N condition) only, which shows that the power flows on
all the circuits are within their defined current carrying capacity and the bus voltages are in the permissible
range.

Normal (N)Joad flow study without addition of Siddigsons PV Plant is attached in Appendix E.

It is observed that prior to connecting the solar PV power plant to the PESCO power network all the current
carrying capacities are within the range. No limitation is seen in any of the MW and MVAR flows,

5.5 Load Flow Analysis with Addition of Siddigsons PV Plant

‘Siddigsons 50 MW Kohat Solar PV Power Plant’ is then modeled in power flow using data supplied by
Siddigsons. The updated power flow cases are developed in order to determine the impacts resulted from
this generator addition with proposed interconnection. The analysis has been perfermed for the following
years and plotted on SLDs,

* Basecase Year 2018,
*  Horizon Year 2021-22,

5.5.1 Basecase Year 2018.

Two base year cases are considered for the system impact study that are;
®  September 2018 peak load conditions.

" Winter 2018 peak load conditions.
5.5.1.1 September 2018 Peak Load conditions

Extreme weather peak load demand condition was adopted for the system analysis. The results of the power
flow after connecting a solar PV power plant to power system shows that all the MW and MVAR power flows
on all the circuits are within the rated capacities and lies within the allowable range.

Normal (N) load flow study of September 2018 Peak Load conditions is attached in Figure F-1A of Appendix
F.

Contingency analysis was also carried out to evaluate the power system network under the standard
functioning conditions. Contingency conditions were simulated for numerous selected outages. N-1
contingency analysis ensures a power system’s capability to meet the demands as well as remain in specified
voltage and flow limits even after outage of any one component. The N-1 contingency analysis is carried out
for the interconnection of solar power plant with the proposed substatien in order to Hustrate the maximum
impact of the solar power plant on a power system.

Following are some selected contingency simulations that are carried out while performing contingency
analysis and results of the analysis are presented on SLDs with referred figure numbers below:

= Lachi 132 kY to Karak 132 kV circuit outage. (Figure F-1C).
= Kohat 132 kV to Gurguri 132 kV circuit outage. (Figure F-iD)
*  Kohat 132 kV to Daudkhel 1d-2 132 k¥ circuit outage. (Figure F-1E)

Results of contingency analysis demonstrate that the resulting MW and MVAR power flows on the circuits
and transformers after N-1 outage of selected components are within the rated capacities.

N-1 contingency load flow study of September 2018 Peak Load conditions is attached in Figure F-1B of
Appendix F.
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5.5.1.2 2018 Winter Peak Load conditions

The results of the power fiow after connecting a solar PV power plant to power system shows that all the
MW and MVAR power flows on all the circuits are within the rated capacities and lies within the allowable
range.

Normal (N} load flow study of winter 2018 Peak Load conditions is attached in Figure F-2A of Appendix F.

Contingency analysis was also carried out to evaluate the power system network under the contingency
operational conditions. Contingency conditions were simulated for numerous selected outages.N-1
contingency analysis ensures a power system’s capability to meet the demands as well as remain in specified
voltage and flow limits even after outage of any one component. N-1 contingency analysis is carried out for
the interconnection of solar power plant with the proposed substation in order to illustrate maximum impact
of the solar power plant on a power system.

Following are some selected contingency simulations that are included while performing contingency
analysis and results of the analysis are presented on SLDs with referred figure numbers below:

» Lachi132 kV to Karak 132 kV circuit outage. {Figure F-2C).
»  Kohat 132 kV to Gurguri 132 kV circuit outage. (Figure F-2D)
»  Kohat 132 kV to Daudkhel 1d-2 132 kV circuit outage. (Figure F-2E)

Results of contingency analysis demonstrate that resulting MW and MVAR power flows on the circuits and
transformers after N-1 outage of certain components are within rated capacities.

N-1 contingency load flow study of 2018 Winter Peak Load conditions is attached in Figure F-2B of Appendix
F.

5.5.2 Horizon Year 2021-22

2021 summer peak load condition case Is considered for the load flow analysis of horizon year with addition
of ‘Siddigsons 50 MW Kohat Selar PV Power Plant’.

5.5.2.1 2021 Summer Peak Load conditions

Extreme weather peak load demand condition was adopted for the system analysis. The dispatch of
generation for the horizon year of 2021 summer is kept as per base case provided by PESCO.

The results of the power flow with addition of Siddigsons 50 MW Kohat Selar PV Power Plant’ to the network
of PESCO shows that the MW and MVAR power flows on all adjacent circuits are within the rated capacities
and lies within the allowable range.

Normal (N) load flow study of 2021 Summer Peak Load conditions is attached in Figure F-3A of Appéﬁdix F.

Contingency analysis was also carried out to evaluate the power systemn network under the contingency
operational conditions and te illustrate the maximum impact of the solar power plant on the power system
network of PESCO in horizon year. Following are some selected contingency simulations that are carried out
while performing contingency analysis and results of the analysis are presented on SLDs with referred figure
numbers below:

" Lachi132 kV to Karak 132 kV clrcuit outage. (Figure F-1C).
*  Kohat132 kV to Gurguri 132 kV circuit outage. (Figure F-iD)
= Kohat 132 kv to Daudkhel Id-2 132 kV circuit outage. (Figure F-1E)

Results of contingency analysis demonstrate that the resulting MW and MVAR power flows on the circuits
and transformers after N-1 outage of certain components are within the rated capacities.
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N-1 contingency toad flow study of 2021 Summer Peak Load conditions is attached in Figure F-3B of Appendix
F.

5.6 Conclusions of Load Flow Analysis

No incremental pre-contingent system overloads or voltage violations resulting from interconnection of
Siddiqsons 50 MW Kohat Solar PV power plant were found within the local study area of 50 MW Solar Kohat
PV Power Project transmission system. This finding was also validated through associated pre-contingent
steady state system and post-contingency steady state system, overload and voltage violation screening
outputs generated for the system model.

Thus, it can be concluded that the power flow on all the circuits in all the cases with and without connecting
Siddigsons 50 MW Kohat Solar PV power plant are within defined limits and the voltages and loadings are in
acceptable range of defined study criteria.
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6. Short Circuit Analysis

6.1 Short Circuit Study Objectives

This section covers the short circuit analysis performed for the ‘Siddigsons 50 MW Kohat Solar PY Power
Plant’. When generation is added to a system, the available fault current of that system increases. Therefore,
short circuit study has been performed to determine if the circuit breakers of existing substations near the
new generation have adequate short circult interruption duties.

Short cireult analysis includes the three-phase simulation at MV and HV bus bars in the switchyard of subject
solar power plant. The fault currents computed at the solar PV plant buses would be used for selection of
circuit breaker ratings.

Short circuit studies would determine the following;
= Maximum fault current levels at the solar PV plant.
=  Total fault currents and contribution from the associated network.

*  Adequacy of short circuit capacity of switchgears at neighboring existing substations.

6.2 Short Circuit Study Assumptions and Criteria

Short circuit studies were carried out for evaluating the following short circuit level of power plant’s 11 kv
bus bar, 132 kV bus bar of switchyard and contiguous network;

* Balanced 3 phase and fault levels.

Analysis was performed for horizon year 2021 scenario, as the future case would have all the planned
generation and transmission systems components in service, which would produce the worst scenario with
extreme fault level calculations.

Short circuit currents were calculated for maximum fault level according to International Electro technical
Commission (IEC) standard |IEC-909, with the following assumptions;

®  For calculations of maximum fault levels;
o Bus voltage has been assumed as 1.10 per unit {p.u} i.e. 10 % above the nominal.
o Maximum dispatch of all the generation in the system has been taken.

*  Taps ratios of all the transformers to be assumed at unity.
»  (harging of all the transmission lines to be assumed at zero.

*  All the shunt compensations to be assumned at zero in positive sequence.

6.3 Maximum Short Circuit Study

In order to analyze the impact of the solar PV power plant on the system, Short circuit analysis is performed
after connecting the solar power plant for the horizon year 2021,

The total maximum short circuit levels at the Siddigsons 50 MV bus bar, HV bus bar of common solar PV
switchyard 220KV and 132KV bus bars of substations located in the electrical vicinity of the area of interest
have been calculated in the both years of study and tabulated below; ‘
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Table - 6.1: Maximum Short circuit levels with addition of Siddigsons in horizon year 2021,

Substation Bus bar Voltage - 3 Phase Short Circuit Level (kA)
1. Siddgsons Kohat 1 kV 7994
2. | Siddigsons Kohat 33KV 11.898
3. Siddigsons Kohat 132 kv 6.523
4. Lachi 132 kY 6.529
5. Gurguri 132 kV 7.404

Maximum Short Circuit Study Report of horizon year 2021 is attached in Appendix G.

6.4 Conclusions of Short Circuit Analysis

Maximum shart circuit level horizon year is computed at the solar PV plant for selection of circuit breaker
ratings and relay coordination respectively.

Moreover, in order to see the short circuit current contribution of ‘Siddigsons 50 MW solar PV power plant’,
maximum shart circuit level at the substation located in electrical vicinity of the project is also calculated.
The findings show that with addition of this project, fault levels do not exceed the standard circuit breaker
ratings of existing installed equipment at the neighboring substations.

Therefore it is concluded that the proposed interconnection scheme holds goed on the basis of short circuit
analysis as well.

Grid interconnection Study - Siddigsons 50 MW Kohat Solar Project
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7. Transient Stability Analysis

7.1 Transient Stability Study Objectives

The transient phase is the passage from the initial to the final conditicns emanating from the disturbances
in its operating conditions either on the switchyard of power plant or in the national grid system. In order to
analyze these conditions, detailed transient stability studies were carried out for the subject power plant.

These studies begin by matching the specific dynamic model of ‘Siddigsons 50 MW Kohat Solar PV Power
Plant’ with the Solar PV model available in PSSE modet library by cohsidering the transient behavior
characteristics of the equipment (machines, regulation systems, etc.) and then modeling of the subject
power plant switchyard.

The stability studies are carried out to check the dynamic impact on the solar PV power plant due to faults
or disturbance in national grid system and, in turn, the impact of disturbances in national grid system on the
solar power plant.

The studies involved choice of equipment and optimum reguiation through control strategies which allows
the system to remain in stable conditions under potential risks. Transient stability studies provide the basis
of power system for the subject power plant as it determines the following;

* Transient stability of the solar PV power plant after any fault occurs in the system by damping of
fluctuations in voltage and frequency etc.

»  Risk of dynamic instability {loss of synchronization between the generators).
' The capability of system to damp the oscillations timely.

*  Operating limits of frequency and voltage for solar PV power plant as imposed by the NEPRA/NTDC
Grid Code standards.

*  Proposal of remedial solutions in the event of a problem.

7.2 Transient Stability Study Criteria

The benchmark criteria for transient stability analysis are;

» Three phase shert circuit fault application at important and selected buses (for N-1 fault
contingencles locations) is evaluated as per standards of NEPRA/PESCO stability criteria.

= Transient stability analysis is simulated for the two following circuit breaker fault clearing time
durations;
o Normal 5 cycle opening time, with opening of the faulted system component.
o Stuck breaker conditions of delayed breaker opening after g cycles. Please note as per PESCO
practices, three phase fault is assumed to simulate the worst possible fault. Additionally as per
PESCO practices and requirements, opening of adjacent breakers as contingencies has been
ignored.

= Transient response of the adjacent network system in case of minimum {loss of generation of solar
PV power plants.

*  Transient stability of solar PV power plant after tripping a nearby or significant size of generator
among existing surrounding power plants in the national grid system.
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7.3 Transient Stability Performance of Solar PV Power Plant

Transient stability analysis of ‘Siddigsons 50 MW Kehat Solar PV Power Plant’ is simulated only on September
2018 Peak Load conditiens by applying maximum stress an the 50 MW Solar Kohat PV Power Project network
around the subject solar PV power plant.

The base case provided by PESCG for transient stability analysis was tested and analyzed. In order to study
the transient behavior of power plant and system towards the disturbances, following faults are subjected:

. 3 Phase fault at solar PV plant cleared in 5 cycles,
[l. 3 Phase fault zt adjacent ends cleared in 5 cycles.
. 3Phasefault at far end cleared in 5 cycles.
V. 3 FPhase fault at solar PV plant cleared in g cycles (stuck breaker case).
V. 3 Phase fault at adjacent ends cleared in geycles (stuck breaker case).
VI. 3 Phase fault at far end cleared in 9 cycles (stuck breaker case).
VIl Minimum (Zero) generation of solar PV power plants and response of the network system.

The following important parameters | quantities are monitored and plotted for these faults in the transient
stability studies;

Table - 7.1: Parameters | quantities plotted for the faults.

No. Description of Plot Location and Parameter Plotted
PV Plant Parameters MW generation output of one collector group.
(Active (MW), reactive MVAR generation output of one collector group,

(MVAR) output, of the solar

PV power plant) Frequency Siddigsons Kehat 0.4kV

Bus Voltage of Siddiasens Kohat 132k
Bus Voltage of Kohat 132kV
Bus Voltage of Lachi 132kV
Bus Voltage of Karak 132kV

Bus Voltages
2 {Voltage swings of selected
adjacent buses)

P Line Flows Active Power (P) Line Flow of Siddigsons 132kV to Siddigsons 11kv
Active (MW) flows on Active Power (P) Line Flow of Lachi 132kV to Siddigsons 132kv
4 connecting transmission Active Power {P) Line Flow of Karak 132kV to Lachi 132k
limes ~ Active Power (P) Line Flow of Kohat 132kV to Lachi 132kV
Q Line Flows Reactive Power (Q) Line Flow of Siddigsons 132kV to Siddigsons
Reactive (MVAR) flowson | Reactive Power (Q) Line Flow of Lachi 132kV to Siddigsons 132kV
5 connecting transmission

| Reactive Power {Q) Line Flow of Karak 132kV to Lachi 132kV .
ines

Reactive Power (Q) Line Flow of Kohat 132kV to Lachi 132k

In order to obtain the results, every simulation is carried for the steady state condition for one second, to
ensure that the system is completely stable and steady before the fault is applied in the system (pre fault
conditions / drift run test). Then fault is applied and system is simulated for the fault clearance time, After
the clearance of the fault from the system (post-fault conditions) followed by a certain contingency, the
system is observed for 15 seconds to ensure that oscillations in various quantities are damped and the system
has re-instated the stability conditions.
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7.3.1 3 Phase fault at solar PV plant cleared in 5 cycles

Three phase fault is applied on certain locations at ‘Siddigsons 50 MW Kohat Selar PY Power Plant’, then
each fault is removed in 5 cycles (106 m sec) accompanied by a particular N-i contingency and transient
stability response of the system is monitored, which is summarized in the table below:

Table - 7.2: Transient stability results for 3 Phase fault at solar PV plant cleared in 5 cycles.
3 * Plot Contingency [ Qutage Transient Stability
No. Equipment Response

Fault Description

3-phase fault at 0.4 kV bus bar of
‘Siddi 0 MW Koh lar PV

aciasons 5 ohat Solar Siddigsons o.4kV to

Power Plant’ F-1 o Stable

. Siddigsons 11kV

clearedin

5 cycles (100 m sec).

*Plot number refers to the plot file name in the attached plots (e.g. F-1is plotted with F-1.out file name).
(Transient stability plots of 3 Phase fault at solar PV plant cleared in 5 cycles are attached in Plots F-1 of Appendix

Fl.
7.3.2 3 Phase fault at adjacent ends cleared in 5 cycles

Three phase fault is applied on certain adjacent end locations of the line the fault is removed in 5 cycles (100
m sec) accompanied by a range of possibie outages. Transient stability response of the system is monitored
for these conditions, which is summarized in the table below:

Table - 7.3: Translent stability results for 3 Phase fault at adjacent ends cleared in 5 cycles.
* Plot Contingency [ Outage Transient Stability

Fault Description

No. Equipment Response
3 Phase fault at 132 kV bus bar of 55
kohat ¢leared in F-2 55 Kohat - Lachi 132k Stable
5 cycles (100 m sec) 5/C Out.
3 Phase fault at 132 kV bus bar of Karak
cleared in F-3 Karak 132kv-Lachi Stable
5 cycles (100 m sec). 132kV 5/C Out.
3 Phase fault at 132 kV bus bar of Lachi i :
cleared in F-g Lachi 132kV - Stable

5 cycles (100 m sec). Siddigsons 132 kV Out. |

3 Phase fault at 132 kV bus bar of Kohat
cleared in F-5
5 cycles {100 m sec).

Kohat 132 kV - Lachi132 | | Stable
kV Out.

* Plot number refers to the plot file name in the attached plots (e.g. F-1is plotted with F-1.out file name).
(Transient stability plots of 3 Phase fault at adjacent ends cleared in 5 cycles are attached in Plots F-2 to F-5 of
Appendix F),

7-3.3 3 Phase fault at solar PV plant cleared in 9 cycles (stuck breaker case)

Three phase fault is applied on certain locations at ‘Siddigsons 56 MW Kohat Solar PV Power Plant’ and the
faultis cleared in g cycles (180 m sec) to simulate stuck breaker situation, followed by a trip of 2 single circuit.
If a system is able to overcome this fault after the stuck breaker time of g cycles then it is assumed to be the
stable in any of the possible delayed breaker opening conditions up to 180 m sec.
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Please note that as per PESCO practices, three phase fault is assumed to simulate the worst possible fault
while stuck breaker conditions. Additionally as per PESCO practices and requirements, opening of adjacent
breakers as contingencies has been ignored.

Transient stability response of the system under these special conditions is monitored, which is summarized
in the table below:

Table - 7.5: Transient stability results for 3 Phase fault at solar PV plant cleared in g cycles.
* Plot Contingency [ Outage Transient Stability
No. Egquipment Response

Fault Description

3-phase fault at 0.4 kV bus bar of
‘Siddigsons 50 MW Kohat Solar PV
Power Plant’ F-6

cleared in
9 cycles (180 m sec).

Siddigsons ¢.4kV to
Siddigsons 11kV

Stable

* Plot number refers to the plot file name in the attached plots (e.g. F-1is plotted with F-1.out file name).
{Transient stability plots of 3 Phase fault at solar PV plant cleared in 9 cycles are attached in Plots F-6 of Appendix
F.

7.3.4 3 Phase fault at adjacent ends cleared in 9 cycles (stuck breaker case)

Three phase fault is applied on certain adjacent end locations, the fault Is <leared in 9 cycles (18¢ m sec)
accompanied by a range of possible trips. Transient stability response of the system is monitored for these
conditions, which is summarized in the table below:

Table - 7.6: Transient stability results for 3 Phase fault at remote ends cleared in g cycles.

. * Plot Contingency [ Qutage Transient Stability
Fault Description .
No. Equipment Response
3 Phase fault at 132 kV bus bar of SS
kohat cleared in F-7 55 Kohat - Lachi 132KV Stable
g cycles (180 m sec) 5/C Out.
3 Phase fault at 132 kV bus bar of Karak
cleared in F-8 Karak 132kV-Lachi Stable
g cycles (180 m sec). 132kV 5/C Out.
3 Phase fault at 132 kV bus bar of Lachi :
cleared in F-g Lachi 132kV - Stable
3 cycles (180 m sec). Siddigsons 132 kv Qut.
3 Phase fault at 132 kv bus bar of Kohat
cleared in Fio | Kohat132kV-Lachii3a Stable
9 cycles (180 m sec). ' kv Qut,

* Plot number refers to the plot file name in the attached plots (e.g. F-i is plotted with F-1.out file name).
(Transient stability plots of 3 Phase fault at adjacent ends cleared in 9 cycles are attached in Plots F-7 to F-10 of
Appendix F).

7.4 Conclusions of Transient Stability Analysis

The transient stability studies are carried out to check the dynamic impact on the solar PV power plant due
te faults or disturbance in national grid system and, in turn, the impact of disturbances in the sclar power
plant on national grid system, The results of transient stability analysis shows that the power system is stable
for the suggested interconnection scheme of the ‘Siddigsons 50 MW Kohat Solar PY Power Plant’ for the
faults on the substations that might be near to or distant from the solar PV power plant.
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It is therefore concluded that, with the addition of the Siddigsons 50 MW solar power plant in the grid, there
are no stability issues seen and it fulfils 2l the criteria for the generation connection with the power system.
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8. Power Quality Analysis

8.1 Power Quality Study Objectives

Power guality problems associated with solar power plants are due to the involvement of power electronics
components. These problems are created by the switching of power electronic devices and can cause
damage and malfunctions to power system equipment on the utility side and sensitive loads on the customer
side. Power quality issues regarding voltage and flicker are primarily prominent in the weak power systems
having low short circuit strength. Hence, these issues have been inspected in the following scenarios for the
proposed interconnection strategy.

. Maximum short circuit of horizon year 2021-22

The objective of this analysis was to study the behavior of solar PV power plant and the related possible
power quality issues. Following power guality parameters have been evaluated,;
a. Flicker.
Voltage Un-balance.
Normal frequency operating range.
Power factor.
Harmonic analysis

®an o

8.2 Power Quality Study Criteria

Power quality analysis is performed under the following criteria;

" Maximum short circuit case of 2021-22 has been used to caleulate the parameters which are required
for the power quality analysis.

= Power quality analysis is conducted according to International Electro technical Commission {IEC)
standard IEC61400-21 titled “Measurement and assessment of power quality characteristics of grid
connected wind turbines”

And
IEC-61727 standard titled “Photovoltaic {(PV) systems — Characteristics of the utility interface”

®  NEPRAINTDC Grid Code planning criteria are followed in the parameters of power factor and
frequency operating ranges for power quality analysis,
* |EEE standard 519 requires, distortion limits for voltage range of 120 V to 69 kV as given in Table 8.1

below.
Table-8,1: Harmonic Current limits
Isc/Il THD (%)
<20 5.0
20<50 8.0
50<100 12,0
100<1000 15

Isc = Maximum short circuit current
1= Maximum demand load current (fundamental frequency component)
Isc/ll =32.76 at JA 22 kV bus,
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8.3 Flicker

For the computation of flicker quantity in the steady- state continuous performance, IEC 61400-21 standard
has been used. The probability of 9gth percentile flicker, during the continuous operation for the brief
momentary from single inverter is Pst Z and for the prolong time, the flicker level is P#tE. Following formula
is used to calculate the flicker Jevel:

PStZ = P”E JZNM(Ci('pk 'Ua) Sﬂt)2 (8.1)

Where;

S,is the rated apparent power of the one inverter.
Syis the short-circuit apparent power at POL
Nyuis the number of inverters connected to the POI.

¢ (},) cannot be greater than 1, its value ‘ 1’ is considered here assuming its worst case.

System network was modeled for the maximum short circuit case and short circuit calculations were done
at 0.9 p.u. Following values are used to calculate flicker level:

i.  Horizon year 2021-22
S, = 0.55 MVA
Nyt =300
Syfor 220 kV bus = 3567.54MVA
Using equation (8.1), we get
PStZ = PltZ= 0.002670=0.27 %

However the admissible flicker value for the IEC 61400-21 standard is Jess than 4 %. In contrast to this the
obtained flicker value Siddigsons 50 MW solar PV power plant is far less than the value, which shows that
the inverters at this 56 MW Kohat Sclar PV Power Plant would not cause any flicker Issue during the steady
state operation even in the weakest system conditions.

8.4 Voltage Un-balance

There are two conditions that occur in the voltage un-balancing;
' Voltage step up change.
*  Voltage variation.

For voltage step up change, the voltage rise of the solar PV power plant at the POI should remain less than
3 %, as per IEC 61400-21 standard. For one cluster at POl and 50 % generation, fol[oWing formula is used to
evaluate it:

— _Sw '
Kkl - L5 4max (8.2)

Where;
Sy = Short circuit power at the POL.
S 4max = Maximum apparent power of one collector group connected to the POL

If Ky1> 33 then it means that voltage step up change is less than 3 %. The obtafined short circuit power and
apparent power of the solar power plant is:
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Horizon year 2021-22
Sy = 3567.54 MVA
S gmax = 11 MVA
Using equation (8.2) we get;
K1 = Voltage Step-change factor = 324.32
I corresponds to 0.31% (1/324.32) step-change in voltage which is quite less than the permissible limit of 3 %.

Whereas the voltage variation for one cluster at the POI of the solar power plant can be computed by the

following formula:

Sy
Mty = Rypgx }ﬁ (83}

Where;
K ppar= Maximum inrush current in relation to the nominal current.
Spp= Short-circuit power at the POIL.
§,g= Nominal apparent power of the Solar PV unit that is to be connected.

The formula discussed above is primarily for computation of the upper safe margin. Ejpq.is assumed to be 1
in this case. The apparent power and short circuit value obtained are as follows:

Horizon year 2021-22
Sky = 3567.54 MVA
S, = 0.6 MVA
Using equation {8.3), we get;
U, = 0.000168 = 0.0168 %

The above voltage variation is far less the acceptable fimit of 2.34 % in 'EC £1400-21 standard.

8.5 Normal frequency operating range

Nominal frequency of the national grid system is 50 Hz therefore it is recommended that EPC contractor
would make sure that the Inverters to be used are capable to maintain the frequency in the range from 49.4
Hz to 50.5 Hz, as per NEPRA/NTDC Grid Code criteria.

8.6 Power factor

As per IEC standard 61727, this states that;

“The PV system shall have a lagging power factor greater than 0.9 when the output is greater than 50 % of the
rated inverter output power.”

Furthermore, to check the reactive power limitations of the solar PV inverters and evaluate the size of
switched shunt capacitor banks at Medium Voltage level of ‘50 MW Kohat Solar PY Power Plant’,
NEPRA/PESCO Grid Code criterfa of = 0.95 power factor is followed
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8.7 Harmonic Analysis

The total harmenic distortion (THD) of the solar farm as presented in the manufacturer’s data sheet of the
inverters to be used, attached as Appendix Cis less than 3% at 100% output at 22kV of collector system, which
is far less than the maximum limit of 8% as per IEEE-519 standard.

The other important aspect would be to see if the resonance for harmonics impedance is found, which is at
or near to harmonics generated from the inverters. To perform harmonic analysis, PESCO netwaork model of
the base year 2018-19 was read and solved in the DIgSILENT Power Factory software.

For this purpose an impedance frequency scan was carried out for the given power system model. The
frequency was scanned through a spectrum of impedance values at the POI.

The frequencies versus the positive sequence impedance without switch shunt capacitor at Siddigsons 11kV
bus are shown in Figure-8.1 below.

The frequencies versus the positive sequence impedance with switch shunt capacitor at Siddigsons 11kV bus
are shown in Figure-8.1 below.
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Figure-8.1: Harmonic frequencies versus the positive sequence impedance with switch shunt capacitor at
Siddigsons 11kV bus

As it can be seen in the impedance diagrams above that mostly there are no resonances near or at harmonic
frequencies that are mostly produced by inverters. However there is small resonance near to sth and 7\
harmonics that disappears with the other PESCO system components switching and variation or addition of
the shunt capacitors. For overall planning purposes the network impedance is suitable and there is no
impedance resonance issue foreseen. However this detailed network impedance evaluation andfor
capacitor application are reviewed by EPC contractar at detailed engineering level.

Based on manufacturer provided overall maximum THD level of 3% a spectrum of harmonics was injected at
plant bus level. Based on harmonics simulations, voltage harmonics distortion level from second to 50t
harmonics at POl is shown in Figure-8.2 beiow,
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Figure-8.2: Distortion level of voltage harmonics at POI
Voltage THD at POI and Siddigsons MV (11kV) bus is shown in Figure-8.3 below.
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Figure-8,3: Voltage THD at POl and Siddigsons MV (11kV) bus

Based on Figure8.3; it is reveals that the solar PV farm THD at POI and Siddigsons MV bus is very low and
within the specified harmonic limits.

8.8 Conclusions of Power Quality Analysis

The major criteriz of the power quality items i.e. flicker, voltage un-balance, frequency operating range ,
harmonics and power factor has been investigated for the ‘Siddigsons 50 MW Kohat Solar PV Power Plant’
for the worst cases and the obtained values are compared with the standard IEC values. The results show
that all the parameters remains within the acceptable range of the IEC standards and NEPRA/NTDC Grid Code
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criteria. Therefare, itis concluded that ‘Siddigsons 50 MW Kohat Selar PV Power Plant’ harmonics generation
and propagation towards the grid is below the required fimit. Additionally gird system harmonics impedance
scan shows no significant resonance at or near significant harmonics generated by inverters with the
addition of switch shunt capacitor at Siddigsons 11kV bus. Hence ‘Siddigsons 50 MW Kohat Solar PV Power
Plant’ fulfills all the criteria of the power quality analysis.
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9. Overall Conclusions and Recommendations

The ‘Siddigsons 50 MW Kohat Salar PV Power Plant’ been proposed a generation connection scheme
through a PO at 132 kV High Voltage (HV) network of PESCO.

The national grid system with inclusion of the solar PV plant was analyzed by studies of load flow, short
circuit, transient stability and power quality.

The power fiow outputs depicts that the power on all the circuits in all the cases with and without connecting
solar PV power plant are within the defined range and the voltages that appears at the bus bars are within
acceptable limit of defined study criteria. Load flow analysis is also validated as per the given standards of
line loading and bus voltage limits in associated N-1 post-contingency conditions.

The short circuit studies have been carried out in order to see the contribution of ‘Siddigsons 50 MW Kohat
Solar PV Power Plant’ to the fault levels of the existing substations in its electrical vicinity, the maximum fault
level in the horizon year, with connecting the solar PV plant are calculated. The findings show that with
addition of this project, fault levels do not exceed the standard circuit breaker ratings of existing installed
equipment at the neighboring substations. The study has also quantified the maximum short circuit levels at
LV, MV and HV (POI) buses of ‘Siddigsons 50 MW Kohat Solar PV Power Plant’.

The impact of possible disturbances occurring on the system are analyzed by the transient stability analysis
and the results of transient stability analysis shows that the assumed power system Is stable for the
suggested interconnection scheme of ‘Siddigsons 50 MW Kohat Solar PV Power Plant’ for the drastic faults
on the substations that might be near to or distant from the solar PV power plant. Thus, there are no
constraints found in the stability of the system and it fulfils all the criteria for the generation connection with
the power system.

In case of power quality, the major criterion of the power quality i.e. flicker, voltage un-balance, frequency
operating range, power factor and harmonic analysis has been investigated for ‘Siddigsons 50 MW Kohat
Solar PV Power Plant’ for the worst cases. Moreover, the obtained values are compared with the standard
IEC values. The results show that the all the parameters remains within the acceptable range of the 1EC
standards.

Therefore, it is concluded that the proposed generation connection for ‘Siddigsons 56 MW Kohat Solar PV
Power Plant’ is appropriate on the basis of results of all the system studies.
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its_50 MW Solar Power Project at Kohat and 50 MW Solar Power Project at
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Acronym or keywords

Definition

AC Alternating Current

AEDB Alternative Energy Development Board

Capex Capital Expenditure

CPPA Central Power Purchase Agency

CUF Capacity Utilisation Factor — the ratio, given as
percentage, of the actual AC output from a solar
plant over the year to the maximum output that
would be generated if operated continuously at
maximum capacity

DC Direct Current

EIA Environmental Impact Assessment

EMP Environmental Management Plan

EPA Energy Purchase Agreement -~ in this case the
template agreement provided by the AEDB.

EPs Equator Principles

EPFls Equator Principles Financial Institutions

EPC Contractor

Engineering, Procurement and Construction
Contractor — the entity that will be contracted to
design, buy the necessary materials, and construct
the Plant

ESAP Environmental and Social Action Plan

ESMP Environmental and Social Management Plan

FRA Flood Risk Assessment

GHG Greenhouse Gases

GHI Global Horizontal Irradiation — the amount of
irradiation falling on a horizontal plane over a
period of time. Usually measured in kWh of energy
falling on a square metre over a set amount of
time (hourly, daily, monthly or annually), e.g.
kWwh/m2/yr

Gl Global Inclined Irradiation — the amount of
irradiation falling on an inclined or tilted plane
over a period of time, Effective Gli Is the amount
of irradiation that falls on a plane that tracks the
sun such as those used in single axis tracking PV
systems

GRID Global Risk Data

HV High Voltage

1AM Incidence Angle Modifier

{EE Initial Environmental Examination

IFC International Finance Corporation

ILO Internationai Labour Organisation

IPPs Independent Power Producers

IRR Internal Rate of Return — the rate that resuits in |
the Net Present Value equal to zero

kv Kilo-Volts (1 kV = 1000 Volts)

LEP Labour and Employment Plan
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LID Light Induced Degradation
LV Low Voltage
MPPT Maximum Power Point Tracker
MV Medium Voltage
MVA Mega-Volt-Amps, a measure of the capacity of a
' power line or transformer to carry real and
‘reactive power ‘ " '
MWAC The amount of power the plant is capable of
exporting at the point of grid connection
MW, The nameplate capacity of PV modules on a site
measured in Mega-Watt peak. Also expressed as
kWp or Wp '
NOCT Normal Operating Cell Temperature
O&M QOperations and Maintenance
Opex Operational Expenditure
PPIB Private Power & Infrastructure Board
PESCO Peshawar Electric Supply Company
P.F. Power factor '
P50 A value which, based on uncertainties and
probabilities, has'a 50% chance of being exceeded.
For example, the P50 yield number is the estimate
for the yield produced and the probabiiity of the
actual yield being higher is 50% and lower is also
50%
P90 A value which, based on uncertainties and
probabilities, has a 90% chance of being exceeded.
Forinstance, the P90 yield number is the estimate
for which the probability of the actual yield being
higher is 90% and lower is 10%
PGA Peak Ground Acceleration
PPI Power Planners International Ltd
PR Performance Ratio — a measure of how well the |
plant performs compared to an ideal case. This
parameter, given as a percentage, indicates the
ratio between the actual and theoretically
possible energy outputs. i multiplied by the GI|,
this ratic gives the P50 Specific Yield of a project
PV Photovoltaic
SAT Single Axis Tracker
SEPA Sindh Environmental Protection Agency
Siachen Siachen Energy Limited o
SEP Stakeholder Engagement Plan
SLD Single Line Diagram
Specific Yield A measure of the energy produced by the plant
' over a year divided by its nominal installed
capacity which allows for comparison of the
performance of different sized plants. Usually |
measured in kWh/yr of energy produced per kWp
of PV installed
SRP Sulphate Resisting Portland
UNEP

United Nations Environment Programme
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UsD

United States Dollars

WM

Weighted Mean
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Executive Summary

Feasibility Study

Access Infra Central Asia {“Access”) and Siddigsons Limited (“Siddigsons”) (the “Developers™) have
conducted this feasibility study for the development of a 50 MWDC photovoltaic plant at Kohat, KPK,
Pakistan (the ‘Project’ or the ‘Ptant’}).

The site is, located 25.06 km to the south of the town of Kohat, 4.61 km south east of Lachi on Indus
Highway (N55) and approximately 75 km south of the provincial capital, Peshawar in Khyber Pa khtunkhwa,
Pakistan. The available site, of approximately 284 acres, is privately owned and we are currently
negotiating purchase of the land. Land document copies are in our possession. The climate in Kohat is hot,
sometimes extremely hot summers and mild to warm winters. It is mainly hot semi-arid climate range from
2°Cin January to almost 43°C in July,

The site is based in a complex terrain consisting of multiple low-lying depression and ridges. During site
visit, the texture of the top layer of the soil was found to be silty sand, silty clay with small rocks, gravel
and light brown to brownish-veliow in colour. The tand is currently barren and uncultivated, with scattered
vegetation on the site. There are scattered villages near the eastern boundary of the site and a few houses
are located within the site an a ridge towards the north.

The Study proposes that the Project is connected to Lachi 132kV grid substation through a new 4.8 km
length, double circuit 132kV Over Head Line {OHL). The OHL. route and length calculation are not provided
and any environmental or land ownership issues in the cable route have not been identified but we note
that this has been acknowledged by PESCO and would be addressed in the advanced stages of the project.
It is noted that a considerable amount of redundancy is built into the proposed design of the connection
works. It appears that there is already a 132-kV transmission fine from Kohat Town to Lachi 132 kv
Substation passing nearby the Project site, but it is not clear if this is the line being used, reinforced or if a
new line will be constructed. The commercial operation date (COD) for the Project is stated as December
2017, which s a very ambition target considering the Project’s current stage.

The connection grid studies although they appear to have been conducted to a good standard the report
does not provide all the data to verify the statement made, such the power flow (thermal rating not
provided) and short circuit {short circuit ratings not provided) studies. The harmonic background
measurements appear to have not been considered, which can be a concern if the local network aiready
has already a considerable amount of distortions.

17 boreholes were carried out as per of Geotechnical report. Boreholes failed to reach a depth of 10 m and
at shallower depths, mostly clayey or silty sand was encountered. The report classifies two main
geotechnical units: an underlying layer of gravel with a consistent overburden consisting of soft to hard
clay in the upper 5 to 10 feet. The pH level across the site remains in the range of 6.8 to 7.2 but chemical
tests have confirmed mild to moderate aggressiveness of the soil for metal foundations. It is recommended
that this be taken into account when considering galvanization in the project’s requirements. Additionally,

the electric soundings conducted show low resistivity values at the upper soi! depths {0 to 1.5 m}, i.e. the

top soif layer has high conductivity that implies high potential for corrosiveness,

No permanent rivers were visible however there are ponds identified in the north west of the site.
Although the area is generally dry, a flood risk assessment has been carried out as part of the feasibility
study.

We proposed a concept system design to suit the shape, size and location of the site. An irradiation
assessment was carried out to determine the optimum inclination angle for the site to be carried forward
for the energy vield estimations. The concept design is based on a Tier -1 polycrystalline modules, central
inverters and single axis trackers, However, alternate designs and schemes, including fixed structures,
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could be considered during the design phase. An energy yield assessment was carried out to determine
the expected energy vield of the proposed Plant. The analysis was based on the design information
stipulated by Access and Siddigsons, preliminary designs made and irradiation data from satellite and
ground station databases.

Global Horizontal Irradiation (GHI) was assessed from a number of sources before a value of 1,780
kWh/m2/yr was selected. This value was then uplifted to calculate the Global Inclined Irradiation (GI) as
appropriate for the proposed tracking systems: horizontal single axis trackers with +60 to -60-degree (East
to West) range of motion and backtracking features. A Gll value of 2,262 kWh/m2/yr has been carried
forward in the calculation. On the basis of the system design assumptions detailed in the Appendix 1,
Appendix 2 and Appendix 3 of this report, a Performance Ratio (PR) has been calculated using industry-
standard PVsyst software (v6.52). Calculations have been performed using hourly irradiance and ambient
temperature values generated for the site. Shading has been estimated using a 3D modei constructed in
PVsyst based on the detailed module layout, findings during the site visit and online mapping images.

In order to assess the soiling loss, we have considered 3 cleanings per annum; this assumption could be
refined. Additionally, the local meteorological variables (GHI, precipitation, wind direction and veiocity,
etc.) have been considered to estimate an appropriate soiling loss. Nevertheless, major one-off events
such as dust storms have not been considered within the soiling loss estimate.

Two Power Factor (PF) scenarios have been assumed, PF=1 and PF=0.95 at inverter level. Resulting first
year energy yield predictions at the export meter are shown in Table 1 below; the export meter location
has been assumed to be after the MV: HV transformer at the onsite substation.

Tabie 1. First Year Energy Yield Summaory at PF =1

exceedanc

789,064,110

P50
78.50% | 50,033.7 P75 85,707,719
Po0 82,686,740

P50 1,765 88,325,053

78.30% 50,033.7 P75 1,708 85,477,689

P20 1,648 82,464,457

The P50 specific yield already contains an assumption of 0.2% for the first-year degradation. When used
to calculate output in subsequent years, a linear degradation of 0.4% should be applied. Plant, tracker and
grid availability have been excluded from these yield figures.
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1. Introduction

" Feasibility Study

Access Infra Central Asia {“Access”) and Siddigsons Limited (“Siddigsons”) {the “Developers™} have
conducted this feasibility study for the development of a 50 MWy photovoltaic plant at Kohat, KPK,
Pakistan (the ‘Project’ or the ‘Plant’).

This report is based on discussions held, site visit and review of shared documentation. ThIS report has the

objective to assess the feasibility of the Project and is structured as follows:

*  Project overview

* Site assessment

* Review of the site studies
* Concept system design

* Energy Yield Assessment

The report is based on the studies, site visits and review of related relevant documents.
The site is, located 5.06 km to the south east of the town of Lachi, in Khyber Pakhtunkhwa, Pakistan.

The climate in Kohat is hot, sometimes extremely hot summers and mild to warm winters. It is mainly hot
semi-arid climate range from 2°C in January to almost 43°Cin July.

The available site, of approximately 284 acres is privately owned and Access is negotiating purchase of the
land. The site is based in a complex terrain consisting of multiple depression and ridges. During site visit,
the texture of the top layer of the soil was found to be gravely, silty clay with small rocks and light brown
in colour. The land is currently barren and uncultivated, with very little vegetation on the site. Most of the
terrain is covered with wild bushes & shrubs with-only a few small trees along the west boundary of the
site. There are scattered villages near the eastern boundary of the site and a few houses are located within
the site on a ridge towards the north east. Figure 1 gives an overview of the topography of the site.

Figure 1. Topographical View of the Site

Approximately 5 km to the north west of the site runs a 132-kV overhead transmission line {OHL). No
permanent rivers were visible at the site. Although the water channels were dry during the site visit, we
recommend carrying out site specific flood risk assessment study for detailed analysis since the site is
situated at the base of the hills to the south. The developers proposed a concept system design to suit the
shape, size and location of the site. This concept design is subject to final component selection and has not
been fully optimized for cost or performance level. Flat land has been assumed for plant layout and energy
yield estimations. Site related studies have recently been provided and are currently under review.
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An irradiation assessment was carried out to determine the optimum inclination angle for the site and to
be carried forward for the energy yield estimations. The concept design is based on a Tier-1 polycrystalline
modules, central inverters and fixed tilt structure at an inclination angle of 25°, However, alternate designs
and schemes, including trackers, could be considered during design phase.

The first-year annual energy generation of 78,834 MWh/year was calculated assuming a performance ratio
of 78%, however a detailed energy yield assessment has not been completed at this stage. A preliminary
plant layout, design and single line diagram is included in Appendix 7. Thisis the final report.
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2.1.  Site and Works Overview

Key details for the project are shown in Table 3 and the location of the proposed site is indicated by the
red marker as shown on map in Figure 2 and Figure 3.

Table 3 Key Project Details

ltem Description

Site coordinates 33°21'39.86"N, 71°22'44.06"E
Altitude {metres above sea level) 457

Site Area (Hectares) 115

Proposed Capacity (MWAC / MWDC) 40.5/50.0

Global Horizontal trradiation {kwh/m2/year) 1780

Proposed layout concept

The proposed layout is a ground mounted SAT
system using Tier 1 polycrystalline modules and
central inverters. A drawing of the proposed
layout is shown in Appendix 9.

| 50MW Kohat Solar PV Plant Site with 55
i
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Figure 2. Local Satellite View
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Figure 3. Country Map view

An indicative timeline for the Project is shown in Appendix 12, the Contractor will be required to comply
with a prearranged schedule of works and complete the construction and installation of equipment by the
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required deadline. We would endeavour to procure the permits, equipment, infrastructure logistics and
grid application be secured for the project prior to commencement of works.

Feasibility Study

2.2. Pakistan Power Market

2.2.1. Power Sector Structure Overview

The generation, transmission, distribution and retail supply of electricity in Pakistan is presently
undertaken by several public and private sector entities comprising of one national transmission com pany;
nine regional public sector-owned distribution companies; four public sector thermal generation
companies; one public sector hydrdpower generation company and 41 independent power producers
(IPPs}. These entities enable the supply of power to the entire cou ntry except for Karachi. The metropolitan
city of Karachi and some of its surrounding areas are supplied power by K- Electrlc which is a vertically
integrated utility owned by the private sector responsible for the generation, transmission and distribution
of electricity in its region. The Central Power Purchase Agency (CPPA), a public-sector agency, has recently
hecome active for the centralised purchase of power from all existing and upcoming private and public-
sector power producers. All pub'iic-sector agencies/companies are administered/overseen by the Ministry
of Water & Power, Government of Pakistan.

The National Electric Power Regulatory Authority (NEPRA) is an independent regulator setup for the
regulation of Pakistan’s power sector; in order to balance the interests of consumers and power sector
companies. NEPRA develops the regulatory regime and future market design for the power sector. All
generation, transmission, and distribution companies are now licensees of NEPRA and matters related to
tariffs, licensing, safety, grid codes, consumer interest are regulated by NEPRA.

2.2.2, Electricity Demand & Supply - a Deficit Power Market

Despite political stability and democratic Government, Pakistan is facing huge energy challenges in the
form of load shedding in Electricity and Gas and energy crisis has inflicted far reaching effects on the social
and economic fabric of the county.

The total installed generation capacity of Pakistan {excluding the K-Electric area) is approximately 20,000
MW, distributed as follows:

¢ Hydroelectric: 7,121 MW (90 MW in private sector)
* Thermal {Public Sector}): 3,678 MW
+ Private Sector Producers: 9,282 MW

As per NEPRA industry report and AEDB, Thermal power in total energy mix is 16,633 MW (66.46%),
Nuclear is 787 MW (3.2%), Wind and solar is 356MW (1.45%), Hydel Is 7,116 MW (28.90%). National
electricity demand is increasing at rate of 3 to 4% and is expected to rise to 56,847 MW by 2024-25. Also,
due to a number of factors including seasonality of hydel & renewable resources, lack of
maintenance/aging of public sector thermal units and consequent reduced capacity and technical issues
with certain private sector producers the sector has heen facing an average supply-demand gap of about
6,000 MW in the recent past. Despite an installed capacity of roughly 20,000 MW the sector had a
maximum generation of approximately 15,500 MW In September 2015 at which time a demand-supply
gap of approximately 4,600 MW still existed. This gap increases significantly during summer, low water or
low gas supply months,

The present electricity demand supply gap, coupled with consistent growth in demand (6-7% per annum),
indicates the fundamental need for enhancing the country’s current power generation capability. It may
also be noted that approximately 5,800 MW of existing private sector generation capacity and 3,700 MW
of existing public-sector generation capacity may be decommissioned on account of the plant life and fuel
inefficiencies.
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2.2.3. Pakistan Power ~ Key Challenges .
Pakistan’s power sector Is currently afflicted by a number of challenges:

¢ Asupply-demand gap, where the demand for electricity outstrips the current generation capacity
leading to a gap of up to 4,500 — 6,500 MW. The supply-demand gap has continuously grown over
the past 5 years and has led to significant load-shedding across the country.

¢ Expensive electricity generation {approximately PKR 12/kWh) due to increased dependence on
expensive thermal fuel sources including furnace oil and high-speed diesel.

¢ Inefficient power transmission and distribution system that currently records losses of 23-25%.
Government has estimated the true cost of delivering a unit of electricity to the end consumer at
greater than PKR 15.60 after taking into account the collection losses and the real losses to the
distribution companles.

» The aforementioned inefficiencies and high cost of generation are resulting in high levels of
subsidies and circular debt.

2.2.4. Private Sector Participation in Pakistan’s Power Sector

Private sector participation in the Pakistan power sector dates back to the mid-1990s with investment by
a number of international companies and renewed interest by Chinese companies in recent years.
Presently, approximately 45% of the installed generation capacity of the country Is in private sector, with
another 5,000 MW of IPPs under construction, Successive governments in the country have reiterated the
commitment to increase private sector participation.

Private Power & Infrastructure Board (PPIB} and the Alternate Energy Development Board {AEDB} have a
track-record of attracting investment in the power sector for two decades or so and provide a one window
facility for the processing of private power generation projects. PPIB deals with thermal and hydropower
projects above 50 MW whereas AEDB is responsible for providing facilitation for renewable energy based
projects (including hydropower projects below 50 MW). Certain provinces also have their own facilitation
agencies.

Based on the lucrative fiscal and financial incentives provided by Government of Pakistan along with an
effective energy policy, a noticeable surge in interest fram national and international inverters is evident
which has resulted in development of multiple Solar and Wind energy projects in recent years.

At present, 28 solar PV projects of 956.8 MWp & 29 Wind energy projects of 663 MWp capacity are under
development within the framework of AEDB policies and procedures.
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3.Site Assessment

The developers have carried out an assessment of the proposed site for the development of the 50 MW
PV plant to opine on whether the selected area can accommodate the proposed development. This land
is currently privately owned, but we, Access and Siddigsons are negotiating its purchase from the current
owners. No option or purchase agreement has been provided for review. This assessment was carried out
via a desktop analysis of the general site area and information collected during a site visit undertaken by
the developers during September, 2016.

Feasibility Study

The purpose of the assessment was to evaluate the suitability of the proposed site in terms of:

+ Site setting :

* Topography, terrain, and hydrology

* Near and onsite shading

s Site access, laydown area and security _

These aspects are discussed in the following sections. The location of the site was provided by
representatives of the Access and Siddigsons, who coordinated the site visit.

3.1. Site Setting

- It is important to consider the site setting in order to establish whether the local climate, weather, and
landscape is suitable for a solar PV development. Local conditions can affect all aspects of the project
including the equipment selection and the operations and maintenance activities, and extreme conditions
can affect project viability. The site is, located 25.06 km to the south of the town of Kohat, 4.61 km south
east of Lachi on Indus Highway {N55} and approximately 75 km south of the provincial capital, Peshawar
in Khyber Pakhtunkhwa, Pakistan.

The site is located at the base of hills a few tens of metres from the southern boundary of the site. The
uneven terrain in the south extends up to 370 metres to the centre of the site. A pond approximately 0.12
hectares is located near the north-western boundary of the site with the presence of streams and smaller
trailing water bodies running through the site. From the survey, it is concluded that these streams are now
dry. A topography survey of the site, approximately 115 hectares, has recently been completed and
provided by Access for review. The land is currently barren and uncultivated, with distributed and non- .
dense vegetation on the site although some evidence of animals grazing was found on the site. The site
also contains unused and barren plots which are clearly demarcated through borders / trees. The land is
currently barren and uncultivated, with very little vegetation on the site although some evidence of
animals grazing was found on the site,

Figure 4 below shows a boundary of the site and its iImmediate surroundings. The boundary was identified
by Access and is highlighted in red.
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Figure 4. Site and Surroundings. Image is positioned to North

Feasibility Study

The site has roads marked in white as shown in Figure 5Error! Reference source not found.. This makes t
he western, northern and southern boundaries accessible. However, the north-eastern and eastern part
of the site have limited road access.

Figure 5. Read Access to the Site

Approximately 5.1 km to the north-west-west of the site is the 132kV Lachi sub-station located along the
Indus Highway. Access and Siddigsons plan to connect to the 132kV Lachi grid station, which is to be
confirmed as suitable by the Grid connection study. Representatives of Access and Siddigsons stated that
the transmission line is currently capable of transmitting 45-50MVA. A grid connection study has recently
been completed and a summary of the same will be included as part of this report.

Access and Siddigsons are currently in possession of the Patwari’s land documents from the local broker
with whom an MoU has been discussed.

There are scattered villages near the eastern boundary of the site and a few houses are located within the
site on a ridge towards the north of the site.

Table 4 Summary of site surroundings and impact

Item Kohat Site

Current Land use Barren land, unused

Neighbouring properties No signs of communities in or 100 m near area.
Services Not identified ' '

Distances from town of Kohat and Lachi Kohat — 25 km and Lachi — 5.1 km

None. Nearest settlement is 1.3 km from

ighbouri 1l
Neighbouring Settlements horthern boundary

* Negative
Examples of likely Environmental and Sociai — Increased dust during construction
Impacts — Mild traffic during construction

— Relocation of dwellings
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s Positive
~ Social Benefits
— Employment opportunities

3.2. Topography, Terrain and Hydrology

Certain parameters of the site design, such as row spacing, can be heavily influenced by surface
topography. The proposed site comprises of ridges, small hillocks made up of small stones, gravel and clay'
as shown below in Figure 6.

Figure 6. Terroin Features

Ridges, gullies, elevated hillocks and steep depressions are located in the south of the site. During site visit,
the area in the centre west was found comparatively flat whereas rest of the site can only be utilised after
significant grading. A detailed assessment of the costs involved for land preparation is outside the scope
of this report. We recommend that grading costs be considered in the economic analysis of the Project -
and that preliminary discussions be held at an early stage with potential EPC contractors with regards to
the recommendaticns of the geotechnical report. '

A topography survey report is now available and a summary of the same has been included. Based on
discussions, a prepared flat site has been assumed for plant layout and average annual vield estimations
in this report. Regions with high level of unevenness have been avoided to ensure optimisation of costs for
grading.

There is a pocket of vegetation that are mostly small trees and shrubs in the south-eastern region of the
site alongside small patches of distributed shrubs and trees along the northern and north-western regions.
These would need to be cleared and would not pose a significant issue to the development of the site.

During site visit, the texture of the top layer of the soil was found to be gravely, silty clay with small rocks
and light brown in colour. Access has stated that there has not been any incident of flooding on the site in
the past. No permanent rivers were visible however two dry water channels pass through the site.
Although the water channels were dry, we recommend carrying out site specific flood risk assessment
study for detailed analysis. . :

Internal site roads will need to be prepared and maintained to enable vehscles to move around the site
without the risk of getting stuck in the sand or mud during heavy rains. There are multiple dirt tracks that
run across the site mainly in the western central part of the snte along the access road previously
mentioned.

The climate of Kohat and surroundings is hot from May to September. June is the hottest month. The
mean, maximum and minimum temperature recorded during June is about 40° C and 27° C respectively,
A pleasant change in the weather is noted from October onwards, up till February. The winter is cold and
severe. In winter, a wrong west wind known as “Hangu Breeze” often blows down the Miranzai valley
towards Kohat for weeks. The mean maximum and minimum temperature, recorded during the month of
January, is about 18° C and 6° C respectively. °
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The rainfall is received throughout the year. The monsoon rain is received from May to October. August is
the rainiest month, with an average of about 114 mm. The winter rain occurs from November to April. The
highest winter rainfall is received in the month of March. The average annual rainfall is about 638 mm. The
maximum humidity has been recorded in the month of August during summer season and in December
during the winter season.

The ambient temperature was 28°C dUring the site visit, which occurred in September.

3.2.1. Flash Flood Risk Assessment

Access has carried out a detailed flood risk assessmént of the site based on in-house expertise. The climate
in Kohat is referred to as a local steppe climate. There is little rainfali throughout the year. This location is
classified as BSh by K&ppen and Geiger. The average annual rainfall is 529 mm. The Figure below indicates
the slope of the site.

i [ Al rdaude: Sivm Cldmutae: ih ro:ORE.8 52 iy
EE . 100

= -

i (5]

Figure 7. Roinfall patterns — Kohat; Seurce: httns://en.climate-doto.org/iocation/3492/

The least amount of rainfail occurs in November. The average in this month is 12 mm. The greatest amount
of precipitation occurs in August, with an average of 98 mm as indicated in Figure 7 and Figure 8.

January February March  April May  June July  August September October November December

Avg. Temperature °CY - 11 134 128
Idin. Ternperature {°C})
Wax. Temperaure (*C
Ayvg. Temperature °F) 520
Win. Temperabure (*F)
W Tamperature (°F)
Precipitation fRainkdl 28 43

{mny)

Figure & Historicol Weather Data - Kohat Source: pttps:/fen.climate-data.ora/location/3492/

Based on internal research based on validated flood risk assessment sou rces, Access confirms that the site
is not prone to flash flooding risks and any potential rain water accumulation would be adequately re-
directed based on a detailed strategy during advanced stages, despite the chances of fioods being
extremely minimal at this site, owning to the slope as indicated in Figure 9.
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Kohat Solar PV Froject Site

Figure 9. Photo-realistic map showing slope of the site at the base of the southern hill

Kohat Sotar PV Prajest Sife 3
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Figure 10. Flevation prafile of the site showing groduc! slope

From Figure 10, it could be justifled that despite an event of flash floods, water stagnation and damage to
the site would be minimal as the slope would allow the water to flow further north into the plains closer
to the village of Mohsen Khel. In addition to the above rationale, based on the Survey of Pakistan Flood
Database Map of affected areas, the Kohat solar PV project site has not been marked as a flood-prone zone
which effectively proves that there is very low risk related to flash flooding. Figure 11 validates our
assumptions of low flash flood risk to the site as per Government validated data sources,
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Figure 11. Survey of Pakistan 2011 Flood Extent Map | Source: Survey of Pakistan 2011

3.3. Near and On-Site Shading

Shading on PV moduies reduces the amount of electricity generated consequently it is essential to
consider the potential shading from both on-site and near-site objects. In addition to this, it is also
important to consider the variation of size and shape of possible shading objects with time. These
variations, in fact, may create shading issues where there were none previously. The site consists of ridges
and hillocks with hills to the South from East to West translating te uneven surface and excessive shading
in the subsequent depressions, mainly in the Southern portion of the site. However, a flat site has been
assumed for plant layout.

3.4. Laydown Area and Security

Construction of a solar PV plant requires safe and reliable access for large and heavy vehicles. It is necessary
te consider the suitability of the current access, and highlight if any works will be required to enable
satisfactory access pre-construction. The hardware and equipment used must be unloaded and stored
somewhere before installation. This area is known as the laydown area and will normally aiso house site
‘offices. Considering the build-up of equipment, personnel, and traffic, its location-is important. Security is
required to reduce the risk of theft and ensure safe access for authorised personnel. It is recommended
that the site has its own security staff located near or on the site. Mitigation measures such as fencmg and
site management should be among the first thmgs present and installed on site.

A detailed assessment of the security of the project location and possible-mitigation measures is outside
the scope of this report. We foresee that security costs be considered in the final economic analysis of the
project, that preliminary discussions be held at an early stage with potential EPC contractors to ensure that
they are able to operate in this location and that major vendors, including inverter suppliers, are confirmed
as able to provide specialist staff for commissioning and ongoing service support. Hospitals have been
identified in the nearby town of Lachi.

There is currently no municipal water supply or sewerage at the site and therefore water and ablution
facilities will need to be provided for the construction of the plant as well as during operations and
- maintenance.

3.5. Detailed Transportation Study ~ Main and Alternate Routes
The site is accessed by an inroad leading in from the Indus Highway as shown in Figure 12. By road, Lachi
town is 27.9 km from Kohat.
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Figure 12. Site Access from Lachi via Indus Highway

Most deliveries of equipment are expected to be made via Kohat and Lachi respectively,

Several of the in-roads splitting away from the main Indus Highway are observed to be muddy or poorly
laid roads which could potentially cause delays in deliveries to the site once the trucks / cranes have
reached the vicinity of the Kohat site. All deliveries to the site would be received at the site entrance and
a turn-out bay will be required to allow trucks to turn off and merge on to the link road safely.

The most logical location for the site entrance and laydown area Is In north west of the site, adjacent to
the road leading to the site. This location offers not only easy access but will minimize disruption to
construction activities within the solar field. Fencing and security should be provided for the laydown area
at the site from commencement. Main and aiternate routes are available at the site as shown in Figure 13.
All deliveries to the site would be received at the site entrance and a turn-out bay will be required to allow
trucks to turn off and merge on to the link road safely. The same has been included in the proposed access
to the site in the layout.

$ 19 h 48 min

Figure 13. Shipping ond Transportation Route - Karachi Port - Kohat,

Toble 5 Summary of site access

Site Access Single lane road access from Lachi
North west corner of the site, alongside the
access road

Access Point
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Access Road Length from Main Road 6.6 !<m from Indus Highway cutting through
Lachi

Laydown Area North west corner of the site
Potential congestion and disruption to

Impacts businesses and residences in Lachi and Mohsen
Khel Kohat.

]

The most logical location for the site entrance and laydown area is along the north-western boundary of
the site as well as south west corner of the site, adjacent to the road leading to the site. The proposed
main access to the site from the western boundary is based on the already available track indicated in the
topography survey of the site. The proposed access will minimize disruption to construction activities
within the solar field. Fencing and security should be provided for the laydown area at the site from
commencement. Figure 14 (white lines} indicate muddy roads leading into the site. Figure 15 and Figure
16 present the Lachi Entrance Road from Kohat and a view of the site from Mohsen Khel village located in
the North of the site. C

2 Kohat Solar PV Project Slie I

g atoon Oppus. - Pt

Figure 14, Primary and Alternate Site Access

- h-si
Figure 15. Lachi Entrance Road Track Figure 16. View of Site from Mohsen Khel Village
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3.6 Water Requirement

Water is required during the construction as well as during the operational phases of the Power plant. We
estimate a litre per m2 of module per wash value, 10000 kl during construction phase and 1000 kI per
annum during the operational phase of the power plant.

IEE observes that the local community is supportive of the Plant and expect to be benefitted from the
Project, Basic and utmost dire of the local population is access to clean drinking water and this should be
catered for the welfare of the local communities, which would be an important component of the
Environmental and Social Action Plan (ESAP).

We plan to have solar powered submersible pumps installed coupled with RO/UF plant alongside the
boundary of the site to provide clean drinking water to the locals through water supply, beneficial both for
the locals and the employees of the solar PV plant.
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4, Site Studies

4.1 Geotechnical Report

The geotechnical report has been prepared by AJK Engineers with the findings of geotechnical and
electrical resistivity surveys as well as sample test results from soil test lab of AIK Engineers and UET
Laboratory in Lahore. "

Feasibility Study

17 borehales were carried out using light percussion method, and 10 undisturbed soil:samples were
collected. During these investigations, the subsurface was explored to a maximum depth of 15 feet below
the existing ground surface. Furthermore, Standard Penetration Tests {SPT) were performed at 3- to 5-feet
regular intervals up to the investigated depth. The location of the samples and boreholes i$ considered to
draw an appropriate grid to cover the large size of the proposed area.

At the time of these investigations, the depth of groundwater was not encountered. However, several
fields within the site have a sole layer of dense gravel with silt that may hinder the drilling or driving of the
foundations.

To avoid possible attack of chloride on cement and minimize corrosion potential the concrete mix should
be designed using a water cement ratio not greater than 0.45. A layer of bitumen coating should be applied
1o the exterior of all the foundation and other concrete coming in contact with soil. Additionally, the
electric soundings conducted show low resistivity values at the upper soil depths (0 to 1.5 m), i.e. the top
soit layer has high conductivity that implies high potential for corrasiveness. In addition, the resistivity tests
conducted in the northernmost fields have found that the underlying soil layer (depths of 1.5 m to 4 m)
have medium conductivity.

Due to the variable nature of the upper layer of soil, several mounting structure foundations could be
utilised and / or combined within the proposed area: concrete ballasts, driven piles or screw-in
foundations. Further assessment is to be provided by the mounting structure manufacturer, especially load
tests to confirm that the soil has sufficient lateral and vertical bearing capacity for the design specifications.
Moreover, should any steel foundations be projected, adequate thickness of the galvanised coating is to
be determined upon the findings of the geotechnical report.

We additionally note that the sulphate content of the samples is close to the limit for positive sulphate
~ attack (0.10%) according to the Concrete Manual of the U.S. Bureau of Reclamation. Therefore, we would
recommend that Type Il Portland cement is used for the concrete foundations of key equipment such as
inverter and transformer substations. Additionally, a minimum cover of 75 mm should be provided over
all reinforcing steel embedded in these concrete foundations. These recommendations are considered to
be included in our requirements of the EPC contract.

Groundwater table was not encountered in any of the boreholes drilled nor during the electrical resistivity
~ survey. Samples extracted show Jow to medium plasticity characteristics of the soil and a moisture content
of up to 19.48%, which indicates a dry state that may reach moist state, always below critical levels; while
trail pits have not been performed, no issues with the excavatability of the soil are foreseen,

Concerning the seismicity of the area, the Project site is located in Zone 2B as per ‘Seismic Provisions-2007°
of Building Code of Pakistan, which indicates high degree of damage during the seismic loading. It is
therefore recommended that any key structures, such as the grid utility substation, are designed to
withstand maximum horizontal peak ground acceleration of 0.16 to 0.24g. Consolidation of the soil strata,
mainly gravelly strata, has not been considered relevant; however, liguefaction of gravelly soil has been
confirmed in several earthquakes in the United States and Japan. We therefore recommend that a proper
analysis is conducted and the findings are reviewed in a next update.
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4.2. Grid Connection Report

The grid system impact study of 50 MW solar power plant at Kohat, KPK for the Kohat 5OMW PV Project
{the ‘Study’} has been carried out by Power-tek Ltd. {*Power-tek’) and dated January 2017,

Feasibility Study -

The study aims to analyse the impact of the Project on the local power Transmission and Distribution (T&D)
system and vice-versa. Also, the Study alms to verify if the Project technical parameters are in line with the
relevant grid code. The main objectives and topics covered in the Study are:

+  Feasibility of connection scheme for the Project to the PESCO/NTDC network at 132kV

e load flow studies, including consideration for future network conditions to determine load-ability
of equipment and voltage profiles

s Reactive power limitations of the Project

+ Fault contributions and network short circuit strength

» N-1 Contingency analysis and transient stability analysis

* Power quality issues including voltage flicker, un-balance and harmonic emissions.

Siddigsons Solar PV power plant would be interconnected to the 132 kV Lachi line. Hence, the grid
interconnection scope for power transfer of ‘Siddigsons 50 MW Kohat Solar PV Power Plant® in particular
is projected with;

- A 132-kV double circuit transmission line, approximately 7.5 km length from Siddigsons Kohat is
connected to Lachi 132 kV grid station.

- 2transformers 132/33 kV of 60MVA capacity for ‘Siddigsons 50 MW Kohat Solar PV Power Plant’,
The national grid system after addition of the solar PV plant was analysed for load flow, short
circuit, transient stability and power quality studies to determine whether the plant connection
with the PESCO grid meets the NEPRA/NTDC Grid Code requirements,

The latest and up-to-date network model base cases were used as provided by 50 MW Solar Kohat PV
Power Project. Generation and Transmission expansion plans have also been incorporated as delivered by
PESCO, whereas steady state, sequence and dynamic data for the Siddigsons PV plant is processed to build
the steady state, short circuit and dynamic models in PSSE software format.

The analysis has been performed for September 2018, winter 2018 and summer 2021, peak cases of the
interconnection year 2018-19 and horizon year 2021-22 of studies respectively. The power flow analysis
shows that the bus voltages and line loadings in all the cases, with and without addition of the subject solar
PV plant are within acceptable limit of defined planning criteria. The results were also validated as per the
standards of line loading and bus voltage limits in associated N-1 post-contingency conditions.

Maximum short circuit level at LV, MV and HV {POI) buses of ‘Siddigsons 50 MW Kohat Solar PV Power
"Plant’ in both the year of commissioning and horizon year were computed. Moreover, in order to see the
short circuit current contribution of ‘Siddigsons 50 MW Kohat Solar PV Power Plant’, maximum short
circuit levels at the substations located in vicinity of the project are also computed. The results show that
fault levels are within the circuit breaker duties with thé addition of the subject project to the 132-kv
network of 50 MW Solar Kohat PV Power Project.

The transient stability studies were carried out to check the dynamic impact on the solar PV power plant
due to potential faults in national grid system and, in turn, the impact of disturbances in the solar power
plant on national grid system. The solar power plant is found to meet all the transient stability
requirements as per defined by the NEPRA Grid Code. The results of transient stability analysis show that
the power system is stable for the suggested interconnection scheme of the ‘Siddigsons 50 MW Kohat
Solar PV Power Plant’ and it fulfils all the criteria for the generation connection with the power system,
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In the power quality analysis, the major criterion of the power quality i.e. flickers, voltage un-balance,
frequency operating range, harmonics and power factor has been investigated at the subject solar PV plant
for the worst-case scenaric. Moreover, the obtained values are compared with the standards of IEC
{IEC61400-21 and IEC-61727) and the results show that the all the parameters remain within the

acceptable range of the |EC criteria.

Based on the study results, overall it is concluded that proposed generation connection for *Siddigsons 50
MW Kohat Solar PV Power Plant’ meets the NEPRA/NTDC Grid Code and Planning Criteria.

4.2.1. Network Reinforcement Works

The Study demonstrates that the Project does not trigger any reinforcement works in the PESCO network.
With regards to ongoing reinforcement works the Study does not specify if there are any
transmission/distribution plans that are required before the Project can be connected to the grid. As part
of Power-tek general assumption it states:

“The transmission ptans of NTDC and PESCO would optimistically be implemented as per their
expected CODs, especially around the subject study region,”
“The existing and already proposed shunt compensation capacitors of PESCO are considered.”

It is advisable to confirm with Power-tek, NTDC and PESCO if there are any planned network
reinforcements that affect the Project if it were to be delayed or cancelled and also that the Project is not
liable for any additional fees assoclated with reinforcement works.

4.2.2. Project connection works

The Study proposes that the Project is connects its new 132/33 kV Siddigsons grid substation to Lachi 132
kV Substation, through a new 7.5 km 132 kV double circult Over Head Line (OHL}). Power-tek states that it
has developed a connection plan for the Project with a nearby transmission network, where it fulfils the
following criteria:

- No physical limitation regarding the Right of Way (ROW)
- Free available capacity is accessible at the substation

The Study describes briefiy what it considers to be the most feasible option.

OHL route and length calculation are not provided and any environmental or land ownership issues in the
cable route have not been identified. '

The proposed grid connection that this study uses is a direct connection into Lachi substation, via a 15 km
132 kV double circuit overhead transmission line, with two 60 MVA 132/33 kV transformers at the PV plant
site.

Previously, the commercial operation date (COD} for the Project was projected to be December 2017. We
understand that this COD is very ambitious considering the Project’s current stage, it is recommended that
the COD be confirmed and programme schedule developed.

4.2.3. Grid connection studies

Load flow analyses confirm whether connecting the Project still keeps the power flow on the modelled
network within defined limits and the voltages and loadings are in acceptable range of defined study
criteria. It is noted that a considerable amount of redundancy was built into the proposed design to enable
the system to continue to operate at full rated power in N-1 conditions, i.e. where one outage of a single
plece of equipment is present such as a line or transformer outage due to fault or a maintenance activity.
The Study states that N-1 reliability is a condition of the Gird Code.
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Short circuit analyses states that with addition of this Project, fault levels do not exceed the standard circuit
breaker ratings of existing installed equipment at the neighbouring substations. The inverters parameters
to calculate the fault level contribution were not shown and it is recommended to check if the inverter
fault level is model correctly. Please note that for the studies above, load flow and short circuit, the Study
does not provide the reader the data to determine by itself if the results are indeed below equipment
rating.

Feasibility Study

The transient stability studies show that the power system Is stable for the suggested grid connection
scheme of the Project for the faults on the substations that might be near to or distant from the solar PV
power plant. Therefore, it fulfils all the criteria for the generation connection with the power system.

The power quality items i.e. flicker, voltage un-balance, frequency operating range, harmonics and power
factor for the Project using worst case scenarios has been studied. The resuits show that all the parameters
remain within the acceptable range of the |[EC standards and NEPRA/NTDC Grid Code criteria. The harmonic
injections from the inverters are considerably below the threshold levels and the system resonance
frequency is not aligned with the main harmonic injection. Nevertheless, it is worth stating that the Study
does appear to consider the hackground harmonic distortion from the system. This is particular important
in network areas where there is a high volume of static generators, such as PV and batteries.

4.2.4, Overall Conclusions and Recommendations

We have reviewed the Grid system impact study of 50 MW solar power plant Kohat, KPK {the *Study’)
carried out by Power -tek Ltd. (‘Power-tek’} and dated January 2017.

The coverage of the Study is detailed and does not appear to omit any major subjects or topics that we
would typically expect to see. '

The Study concludes that the expect grid system by 2018 will be suitable to cope with the evacuation of
power from the Project and no bottlenecks or technical constraints were found in the grid system using
the load and generation forecast for the horizon year of 2021, It Is not clear if there are specific
reinforcements works required as a pre-requisite for the Project connection.

The Study proposes that the Project is connected to Lachi 132kV grid substation through a new 7.5 km
length, double circuit 132kV Over Head Line (OHL}. The OHL route and length calculation are not provided
and any environmental or land ownership issues in the cable route have not been identified. It is noted
that a considerable amount of redundancy is built into the proposed design of the connection works. The
commercial operation date {COD} for the Project is stated as December 2017, which is a very ambitious
target considering the Project’s current stage. :

The connection grid studies although they appear to have been conducted to a good standard the report
does not provide all the data to verify the statement made, such the power flow (thermal rating not
provided) and short circuit (short circuit ratings not provided) studies. The harmonic background
measurements appear to have not been considered, which can be a concern if the local network already -
has considerable amount of distortions.
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5.Conceptual Design

This section describes the conceptual design of the Plant, which follows conventional and well proven
commercial practice. Detailed design will be undertaken by the EPC contractor according to the Technical
Specification which will include specific Project’s owner requirements, performance requirements and
applicable standards including Pakistan Building Code and [EC Standards. The Plant shall be designed for a
minimum of 25 years’ life.

. .
During the tender evaluation phase, alternative designs, including string inverters, may be considered. A
preliminary layout & design for this Project is included in the Appendix 9.

The concept design assumes that the earth works will be carried out to make the site suitable for tracker
installation and no material constraints. The proposed design and layout is based on site boundaries
provided by the Access and Siddigsons. The site boundaries and areas to be excluded are assumed based
on the information provided by the Access and Siddigsons and design assumes that all obstructions within
the site boundaries, which could shade the PV array, will be removed prior to the installation.

The system is sized for 50.0 MWp and the layout has been adjusted to account for the size and shape of
the site. The conceptual design considers Tier 1 polycrystalline Jinke (JKM355M-72-V) modules, SMA
central inverters (SC2500EV) and single axis trackers. However, alternate design and other mounting
technologies could be considered during the design phase.

5.1. Modelled System Design and Approach

There are a number of losses associated with the harvesting of sunlight for the generation of DC power
and there are further losses in the conversion of DC power from the modules to the useful AC power that
feeds to the grid, the cumulative loss of which defines the plant Performance Ratio (PR).

These specific losses are dependent on the system design and key plant components. For this plant, the
modelled system design characteristics were based on communication with and information provided by
the Access and Siddigsons. This includes single line diagram, site layout {AutoCAD) and topographical map.
Details are summarised in Appendix 1 and Appendix 2. '

Each individual loss has been modelled taking into account the information provided {and considered
sufficient) and using inputs from our internal consultant’s proprietary models.

Some specific losses are influenced by factors which cannot always be quantified at an early stage of a
project. However, these should be considered in order to accurately determine the performance of the
whole plant. Should specific information be provided regarding those losses, then this can be reviewed
and the figures adjusted accordingly. Below is a non-exhaustive list describing some of these factors:

- Variation in performance and efficiencies under real operating conditions;

~  Characteristics that vary due to the manufacturing and sorting process of PV modules;
- Performance measurements that are not identified on standard data sheets;

- Current technology in the PV industry;

- Quality of design and installation method;

- Power factor different from unity or grid maximum export limitation.

In consideration of the above, the following assumptions have been made in relation to the
expected system design and instaliation:

- Standard quality of the executed installation method;
- General design and sizing criteria in line with quality standards. Quality standards include cable
voltage drop limits, cabin heating and ventilation, control and protection settings etc.;
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- Final configuration of plant equipment to be completed using a standard approach;

- -We have assumed two Power Factor (PF) scenarios, PF=1 and PF=0.95 at inverter level. There is
likely to be a small amount of power factor required to overcome the inductive losses of the
electrical transmission from the inverters to obtain unity at the connection point;

- We have been informed that the export meter could be located at the onsite substation or at the
point of interconnection. For the purpose of this yield, we have heen requested to assume the
meter logation at the onsite substation; should this assumption be revised at further stages, the
yield numbers would have to be updated.

Where relevant PVsyst software (v6.52) is used, calculations are performed using hour-by-hour irradiance
and ambient temperature values generated for the site. The shading has been estimated according to the
3D meodel shown in Figure 17. Since the location of the onsite substation and the evacuation line route are
yet to be confirmed, any potential shading effect because of the evacuation line has not been modelled at
this stage.

Figure 17. Near Shading Model for the Eastern Boundary - Kohat Solar PV Plant - Sample’

5.2 String Sizing

Modules are connected In strings (a number of panels connected in series). A number of strings may then
be connected in parallel to an inverter. String and panel arrangements are determined by the following
factors:

s The MPP voltage range of the inverter
¢ The highest MPP current capacity of the inverter and
¢ The maximum system voltage of the panels,
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For this, the electric characteristics of the strings and array are cafculated for 70°C and 0°CY module
temperature and compared against the above parameters in order to ensure that the plant is suitably
designed. '

A summary of the string configuration, power ratio, voltage and current compatibility of the string

arrangement are detailed in Table 7.

Array size Array No. of Power ratio Module Max. voltage | Max. current
{kWp) configuration | inverters {AC: DC) compatible compatible
50,033.7 20 arrays of | 20 1:1.24 Jinko JKM v N4

29 modules 355M-72-V

per inverter 4BB

The AC: DC ratio is based on the nominal inverter power {2,250 kVA at 50°C), which is in line with market
standard practices.

The maximum voltage and current of the inverters is found to be compatible with the system design.

5.3 Modules and mounting frames

A module is an array of solar cells that converts the energy received from sunlight into electrical energy
through use of the photovoltaic effect. Silicon solar cells are made from either h‘mono-crysta“ine wafer
which offer slightly higher efficiency at a higher cost, or poly-c'rystalline wafers which offer slightly lower
efficiency but at a lower cost. Each individual photovoltaic module is approximately 1x 2m and is of a glass
construction, typically set in an outer metal framework. The front surface is generally treated with anti-
reflective coatings. Poly-crystalline modules can offer more economic solutions for utifity scale projects.

The modules are electrically connected by string cables which run through conduits placed behind the rows
of modules. The string cables terminate at junction boxes which are generally found adjacent to module
rows. lunction boxes then connect to inverters via larger diameter underground cables.

We have considered a Tier-1 355 Wp polycrystalline module for this report on the basis of site conditions,
efficiency, price and module track record under prevailing site conditions. 4860 strings of 29 modules each
have been proposed with a total installed capacity 50,033.7 kWp using 140,940 modules.

The mounting structure may be supported on a va riety of different foundation designs including steel mini-
piles driven directly into the ground or concrete foundations formed in place. The geotechnical report
found the upper layer of the soil to be variable in nature and therefore several mounting structure
foundations could be utilised and / or combined within the proposed area: concrete ballasts, driven piles
or screw-in foundations,

The module support structure is generally arranged in rows, and follows the landform, genérally tising no
more than approximately 2.57 m above ground level at any point. The rows are separated from one
another by an open space, which is determined to be 4.89m for this site in the proposed layout. The
unoccupied ground between rows of modules and under the modules can be seeded to produce
vegetation. Once constructed, it is viable for farming activity such as grazing of medium-sized animals like
sheep provided cables are adequately protected.

5.4 Inverters and transformers

Inverters are required to convert the direct current (DC) electricity generated by the PV modules into
alternating current {AC) which is suitable for exporting to the grid. The inverters also manage and optimise
specific electrical parameters in order to maximise energy production.
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tnverters are most commonly availabie as either string inverters or central inverters, String inverters are
smaller devices, each managing a small number of modules, typically mounted on the module support
structures and with a capacity typically less than 50 kW, They are better able optimise electrical parameters
and maximise energy production in conditions where orientation or shading vaty, particularly rooftops.
However, the large number required for a utility scale application often resulis in higher installation and
maintenance costs, including replacement over the Plant lifetime.

Central inverters are larger devices with capacities up to 1,000 kW or more which manage greater sections
of the Plant. They are generally able to optimise energy production more efficiently, are less resource
intensive to maintain and can be more economical to purchase and install. Central inverters are typically
housed within weatherproof skid-mounted enclosures with approximate dimensions 8.5 m long, 2.9 m
wide and 3.2 m high. Alternatively, they may be installed in a masonry building with adequate ventilation.

- Care should be taken to ensure adeguate ventilation, particularly considering the high ambient

temperatures at this site.

We have considered that for a Project of this scale, location, and landform, central inverters are likely to
offer the best solution. A central inverter scheme with 18 x 2250 kVA inverters has been proposed
considering the inverter to array ratio, cost effective granular monitoring and reliability of the system. All
inverter substations contain 1 x 2250 kVA inverter.

The transformers are required to step-up the relatively low AC voltage as generated by inverters (typically
300-400 V), into the internal 33kvV MV network, and then again to 132kV for HV grid connection. All inverter
stations contain 1 x 2500 kVA LV/MV transformers installed integrally with the inverier enclosures whereas
the 45 MVA MV to HV transformers will be housed adjacent to the switchgear in the HV Substation on site.

Final configuration of inverters and transformers may vary based on PV layout, electrical configuration and
Grid connection study. A preliminary single line diagram has been included in Appendix 7.

5.5 Switchgear

Switchgear is used to control the connection between the Plant and the electricity distribution network.
We plan to connect to the 132kV Lachi Grid station, 4.61 km west of the site, as confirmed suitable by the
approved Grid connection study. Typically, there are two sets; one belonging to the Distribution Network
Operator (DNQ), PESCO/NTDC/CPPA in this case, and one helonging to the Plant, which are housed in .
separate cabins or switch rooms. The appearance and size of the cabins will be determined by the
requirements of the DNO and the Project, but it is likely they will be fabricated from brick or glass-fibre
reinforced plastic with approximate dimensions of 5 to 7.5 m long, 2.75 to 4.75 m wide @nd 3 to 4 m high.
A grid connection report has been approved by PESCO and has been reviewed under Section 4.2 of this
report. ' :

5.6 Monitoring and control room

Monitoring systems are required to provide feedback and information on the operational status of the
Plant. Systems for monitoring the Plant such as the Supervisory Control and Data Acquisition (SCADA)
operating system will be located in an air -conditioned cabin or office, which will also provide a working
environment for the Plant operator or manager. The cabin dimensions would typically be 7 m long, 3 m
wide and 3 m high and may be fabricated from GRP or masonry.

5.7 Security
From the beginning of construction, security measures are required to prevent unauthorised access into
the solar farm, which is an energy generation system, and to protect the solar farm.

We suggest that based on local conditions the security arrangement should consist of a boundary wall of
at least 2.2m topped with barbed wire to be installed within the site boundary, and pole mounted security
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cameras at approximately 3.25 m high positioned around the wall perimeter. The security cameras should
employ infra-red technology and site lighting will not be required. Alternative security arrangements based
on manned patrols may also be employed.
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6 Energy Yield Assessment

6.1 Irradiation

6.1.1. Global Horizontal Irradiation

Irradiance is a measure of the solar electromagnetic power in watts passing through a surface of area 1m?2
and is measured in W/m2. Global irradiance means that the irradiance is composed of both direct and
diffuse (scattered) sources. Global horizontal irradiance is the global irradiance that is incident on a
horizontal plane. GHI is a measure of total energy, or irradiance power incident for one hour, and is
expressed in watt hours per unit area (Wh/m2).

The irradiation is the energy source for a solar project and as such it is important that sufficient data is
colflected for the sites in question. A location at the centre of the site was selected as the point of interest
for the irradiation assessment.

There are several databases available that use information from either satellite (along with other
observations and models) or ground measurements in order to estimate long term average GHI values at
any specified location. A description of the databases used in the irradiation analysis is included in
Appendix 4.

We have taken GHI values from a number of databases for comparison and these can be seen in Table
1Table 6.

Table 6. Annual GHI from vorious sources

Data Source Measurement GHI (kWh/m?) Difference from WM
. Duration (%)

Meteonorm 7 1991-2010 1,752 -2.2

SolarGis 1999-2011 1,781 -1.7

NREL SUNY 2000-2014 1,843 2.9

NASA SSE 1983-2005 1,347 -24.4

Average 1,780

NASA SSE has been displlayed for rough indication only, since it comes with an inadequate spatial resolution
{(110km x 110km}) and for the site under consideration this data source also assumes an incorrect altitude.

Meteonorm 7 has been additionally assessed at the site location; however, upon closer examination and
communications with the data provider, we note that the Meteonorm 7 estimate is mainly based on
ground data relating to the period 1965-1981, which is not considered appropriate for future long-term
forecasts. This database has been therefore excluded from our irradiation assessment.

The weighted mean (WM) value above has been weighted accounting for the number of years of data
available and inversely weighted based on the spatial resolution of each source. Each parameter
contributes 50% to the weighting. Along with the weighted mean, the deviation of each dataset relative to
the WM value as well as the corresponding standard deviation has been calculated. Details on our
approach to assess long-term GHI is given in Appendix 6.

For this site, above data sources result in a standard deviation of £2.5%, which informs the GHI uncertainty
analysis in Section 6.3 and Appendix 6.

The weighted mean value of 1,780 kWh/m2/year has been selected for the continuation of our irradiation
assessment.
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6.1.2 Global Inclined irradiation

The system design assumptions on which this report is based have modules mounted on single axis trackers
mounting system. The single axis trackers axis of rotation is understood to run from south to north, and
the panels track from east to west throughout the day. The range of motion for the tracking systems is:
from a tilt of 60° inclined to the east, to a tilt of 60° inclined to the west. The south-north tilt for this system
is fixed at 0°.

if the tracking system uses its full range of movement to track the sun, then mutual shadirig can occur at
low sun angles (i.e. panels shade each other). In order to prevent this, the tracker control system includes
a feature called backtracking. This means that the tracker will arrest the rotation of panels at the point just
before mutual shading occurs, and then reverse the rotation to maintain a constant sun shading angle.
Note that the incorporation of backtracking reduces the G, however it also reduces losses due to inter-
row shading of the modules.

The industry standard Perez model has been used to uplift the GHI values previously established to
corresponding values for the Gll on the panels. The resulting Gl values for the single axis tracker with
Backtracking {BT)} are shown in Table 7. -

Tabie 7. Monthiy and yearly incident ircadiation for the Project (kWh/m2}

Tt [ J F M A M J J A S o) N D Totat’
GHI |92 a3 144 | 177 213 | 211 [186 [ 175 | 961 | 139 |97 84 1,788
Gll
#6807 | 118 | 122 | 187 | 228 273 | 265 |236 211 207 |179 126 [110 | 2,262
BT

6.2 Detailed Performance Ratio Calculations

6.2.1 PR Calculations
The PR has been estimated following the process outlined in the previous section and a breakdown can be
seen in Tabie 10; further detalls explaining these losses are included in Appendix 5.

Two PF scenarios have been modelled upon request from Access and Siddigsons.

Table 8. Detailed List of Losses

Description Loss
Near shadings: irradiance loss 3.0%
Spectral 0.0%
Angular / 1AM 1.5%
Soiling / snow cover 1.0%
Low irradiance performance 0.8%
Light Induced Degradation (LID) 1.4%
Module guality / power tolerance -0.7%
Module temperature losses 7.6%
Near shadings: Electrical effect 0.0%
Mismatch 0.5%
Ohmics, DC wiring 1.4%
Inverter efficiency 1.8%
Undersizing of the inverter 0.0%
MPPT performance 0.7%
Ohmics, AC LV wiring 0.1%
Ohmics, AC MV wiring 0.3%

! Any apparent discrepancies in the annual totals arise because the monthly values have been rounded to the nearest
integer for display purposes
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LV-MV transformer 1.1%
MV-HV transformer 0.5%
Self-consumption 0.5%
Max export capacity power limitation 0.0%
Module degradation 0.2%
PR at export meter @PF =1 78.5%
Inverter PF clipping 0.0%
AC loss due to PF 0.3%
PR at export meter @PF =0.95 78.2%

All subsequent yield calculations in this report are based on the PR modelled at the export meter.
The calculated PR does not include any allowance for plant, grid / or tracker availability losses.

In order to assess the soiling ioss, we have considered 3 cleaning per annum; this assumption could be
refined at later stages. Major one-off events such as dust storms have not been considered within the
soiling loss estimate.

We have conducted a literature review on module degradation with a focus on modern coammercial c-Si
products. Following this review, we consider a degradation rate of 0.4%/vear to be an appropriate
assumption for inclusion in the project financial model.

For year one, we take the average degradation of 0% at the starting point and 0.4% a t the end of year 1.
Therefore, for the purposes of modelling first year PR numbers a value of 0.2% has been used.

6.2.2 Availability Assumptions
Plant {including tracker} and. grid availability can be considered either inside or outside the performance
ratio calculation, depending on how the contracts and financial models are constructed.

We recommend that the plant availability should be linked to, and guaranteed within, the EPC and O&M
contracts for the lifetime of the Project. Should this be the case then the availability assumption to be
considered within the financial model or the performance ratio of the Project can be matched to this. It is
common for figures of 99% or 98% to be specified in the contracts.

Grid availability analysis is outside of the scope of this report. We would recommend a detailed grid study
is carried out to ensure any current and future grid availability issues / curtailments are accounted for.

6.2.3 Yield Estimations _ ,

Specific yield is a measure of the output of a PV system per unit of installed capacity (kWh/kWp). It is a
function of the irradiance experienced by a system, and its PR. Year one specific yield calculations for the
Project are shown in Table 9.

Table 9. Yeor one energy yield for the system gt PF=1

robability of
; exceedance
78.50% 50,033.7 P50

89,064,110

P75 85,707,719
P90 1,653 - 82,686,740

Table 10. Year one energy yield for the system at PF = 0.95

Wh

78.30% | 50,033.7 PO 1,765 88,325,053
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85,477,689
82,464,457

Plant, grid and tracker availability has been excluded from our year ane specific vield figures in Table 11.

The figures in Table 11 already contain an allowance for the first year’s-degradation. For future years’
output, we recammend that a linear degradation of 0.4% be applied in the financial model. P75 and P90
numbers are based on an uncertainty analysis outlined in Section 6.3.

6.3 Uncertainty Analysis
The uncertainties feeding into our yield analysis can be separated into three discrete parts:

- - Variation in year on year irradiation
- Duration of forward modelling period irradiation variability
- Uncertainties in the PR modelling assumptions,

Each of these uncertainties is discussed in turn below.

6.3.1 Long term irradiation variability
Variability of irradiation is a key driver for the income of the Project. Long term irradiation data from the
sateilite database SolarGIS was used to assess irradiation variability; details are shown in Table 11.

Table 11. Satellite long term time series data

Site location Years of data Standard deviation Standard error of the
mean
Kohat (33°21'39.86"N, 12 329 0.9%

71°22'44.08"E)

The standard deviaticns in the table above are applied to the local inclined irradiation to achieve the P75
and P90 values. Table 14 shows the resulting irradiation values for a single year period.

Toble 12, GIf probability distribution in a single yeor

Probability of Gil (kKWh/mzlyr)
exceedance :
P50 .2,262

P75 2,213

P20 2,170

6.3.2 Irradiation Uncertainty over multiple years

Uncertainties associated with annuai irradiation over a longer period of time are dependent upon the
number of years'within that period. Over a longer modelling period, the standard error would be expected
to reduce. Additional uncertainties associated with various forward modelling pericds for are shawn in
Table 13.

Table 13, Standard error of irradiation date over various modeliing time periods

Number of years Standard error of the mean
1 3.2%
10 1.0%
20 0.7%
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6.3.3 Uncertainty in Yield Modelling Assumptions

Uncertainties in the GHI, Gl and PR modelling assumptions-are shown in Tabie 14. A detailed breakdown

of these uncertainties can be found in Appendix 6.

Table 14. Yield Modelling Uncertainty

Feasibility Study

Description

Total for site

Modelling uncertainty

+46%

The overall uncertainty in the yield modelling assumptions is calculated via the standard error approach

and corresponds to a value of & 4.6%.

6.3.4 Combined Uncertainties

The three uncertainties listed above are combined using the common standard error approach. The overall
combined uncertainty which will he applied to the calculated specific yield figures in the next section for a

one year, 10 years and 20-year period are shown in Table 15.

Table 15. Combined Uncertainties over various modelling time periods

Uncertainties

Number of years y
being modelled

10

20

Standard error
historic irradiation
uncertainty

0.9%

Standard error
“irradiation 3.2%
uncertainty over time

1.0%

0.7%

Standard error PR
uncertainty

4.6%

Combined

0
uncertainty 5.6%

4.8%

4.7%

6.3.5. Probabilities of exceedance estimation

Specific yields at varying levels of probability and over varying time periods may be calculated by applying

the factors in Table 16 below to the first year P50 value found in previous sections.

Table 16, Specific yield probability adjustment factors beyond year one

Number of years 1 10 20
P50 1.00000 1.00000 -1.00000
Probability Level P75 0.96203 0.967g4 0.86831
P90 0.92786 0.63908 0.93978
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7.1. Legal Structure

Access and Siddigsons have set up a project company, Siddigsons Kohat Solar Limited, which will sign all
the project and financing documents, obtain all permits, authorisations and licenses necessary to develop,
construct and operate the PV plant and sell the electricity produced to the utility. Figure 18 describes the

general framework of the transaction.

-

Joint Development
Agreement

65%

Shareholders 35%

Agreement
EPC Contract
_____ Financing
I Agreements
b e e v e o Bl LIRS DRI gl we e e s J oo e
O0&M o e e
Agreement :
o e ks s mae el
Fower Purchose
Agreement
Implementation
Agreement
Guarantee

- Government SRR —————-

~ of Pakistan .-

7.2 Tax Environment

Figure 18 General framework

Access and Siddigsons have assumed the following tax environment summarized in Table 17 below, based
on internal analysis and interview with the Pakistanis authorities.

Table 17 Tax environment assumptions

Tax ltem Assumption in model
CIT {incl. education tax) 0%

Exemption Period 25 years

Loss Carryforward -

WHT on Interest 0%

WHT on O&M 0%

WHT on EPC/Capex N.A,

Book Depreciation SLM @ 5%

Capital Allowance N.A.
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Tax Item Assumption in model
Accelerated Depreciation N.A.

Investment Allowance N.A.

VAT/duties on Capex 0%

VAT on sale of electricity 0%

Stamp Tax on Debt 0%

“Stamp Tax on Equity 0%

Legal Reserve ~ N.A,

Thin Capitalization N.A

7.3 Total Investment Costs
Access and Siddigsons have made a preliminary estimation of the Total Investment Costs (“TIC”), in the
order of 58M USD. Table 18 below describes the different items included in the TIC,

Table 18 Breakdown of investment Costs items

Description UsD MM Source
EPC Cost 36.25 EPC Contractor

Dev. Costs 2.00 Estimate
land 1.2 Estimate
Insurance 0.28 Estimate
External Advisors 0.70 Estimate
Contingency 3.5% of EPC Estimate
O&M Mobilization 0.25 Estimate
Dev. Fee 3.00 Estimate

Regarding the cost of the EPC contract, which constitutes approximatively 80% of the TIC, Access &
Siddigsons will conduct a tender among at least 3 international contractors in order to select the best
proposal, in terms of price, quality of the equipment and guarantees.

The final TIC will be updated based on the final technical studies, and the final terms and conditions of all
contracts, in particular the EPC contract and the financial documentation.

7.4 Total Operating Costs
The total operating costs {(“TOC”) include the following:

- O&M contract, which covers preventive and corrective maintenance, management of spare parts,
facility management
- Inverters guarantee, which covers the replacement of any spare parts of the inverters during the
full operating life of the plant
- insurances
- Management of the project company
The TOC have been evaluated at 805,000 USD/year.

7.5 Financing Structure .
We, Access and Siddigsons, have assumed the followmg flnancmg scheme, based on preliminary
discussions with international lenders, such as IFC.
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We, Access and Siddigsons, will finance 35% of the investment through equity at financial close. A

preliminary target IRR of 18% have been assumed.

Debt

International banks will finance 65% of the TiC with the following conditions:

Junior Debt

- Amount: 33.3%% of total debt

- Maturity: 18 years door to door

- Base Interest rate: 1.50%
Senior Debt

- Amount: 66.6% of total debt
- Maturity: 18 years door to door
- Interest rate: 4.50% all in

Min DSCR: 1.30xP50

7.6 Tariff Calculation

The calculation of the tariff by Access and Siddigsons follows a simple ruie: this is the minimum tariff that
generates enough revenues to cover the TOC and the debt service, while ‘ensuring a minimum return for
the shareholders. Appendix 13 shows the indicative Profit and Loss Statements and Balance Sheets of the
Project Company which are used as the reference for the tariff calculation.

According to the financial model, the minimum tariff has been evaluated at 7.8USDe/kWh, flat during 25
years. tn order to understand the impact of the radiation on the tariff, we have conducted a sensitivity

analysis described in Table 19 below.

Table 19 Sensitivity analysis assumptions

Base Case Scenario Case A Case B CaseC Case D Case E
Location Kohat Multan Guddu Dadu Jlamshoro Quetta
Radiation (GHI) 1780 1887 2000 2017 2063 2201

Assumptions

, described in Section Same as Base | Same as Base
Other assumptions

Same as Base

Same as Base

Same as Base

7 of Kohat Feasibility | Case scenario | Case scenario Case scenario Case scenarig Case scenario
. Study
The results of the financial model are indicated in Table 20,
Table 20 Financlal model results .
Base Case Scenario | Case A Case B Case C Case D Case E
Tariff — USDc/kWh 7.8 7.3 6.9 6.9 6.7 6.3

Kohat.

The sensitivity analysis demonstrates that the price offered by Access and Siddigsons is highly competitive for the region of

However, the final PPA price needs to be adjusted based on the final tax environment agreed with the government, the final
EPC price and the final terms and conditions of the debt financing.
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8. Environmental and Social Impact Assessment

8.1 Executive Summary
Siddigsons Kohat Solar Limited is the SPV of 50 MWp PV Solar Power Plant that will be located in Lachi
tehsil, District Kohat, KPK.

The prime objectives of the solar power project are:

¢ Diversification of the company’s portfolio and invest in energy sector to exploit untapped energy
potential of the country

* Tosupply the renewable electricity to the national grid, thereby reducing power blackouts

In view of the objectives, Access and Siddigsons have planned to undertake the project which involves
design, layout, engineering, planning and supervision, as well as procurement of components.

The site is located 5.06 km to the south east of the town of Lachi, in Khyber Pakhtunkhwa, and
approximately 4.6 km from 132 kV Lachi Sub-Station. The available site is of approximately 115 hectares.
The location of the proposed project site is shown in the Figure 19.
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Figure 19 Prgject location map

The proposed power plant will generate power that would be stepped up to MV by step up transformers
attached with the selected inverters. AC power will be stepped up through MV/HV transformer before the
metering station. The power will eventually be supplied at 132 kV to grid. Approximately 5 km to the north
west of the site runs a 132-kV overhead transmission line (OHL). The preliminary first-year annual energy
generation of 82,512 MWh/year was calculated assuming a performance ratio of 78.5%,
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The climate in Kohat is hot, sometimes extremely hot summers and mild to warm winters. It is mainly hot
semi-arid climate range from 2°C in January to almost 43 °C in July.

During site visit, the texture of the top layer of the scil was found to be gravely, silty clay with small rocks
and light brown in color. Mo permanent rivers were visible at the site. Water channels were dry during the
visit.

Being classified as Schedule | under the PEPA EIA/IEE Regulation 2000, the project is required for an Initial
Environmental Examination {IEE} to meet the environmental assessment requirements. The findings of
impact assessment and visual inspections of existing environment of the project area in the present
scenario indicates following main impacts along with simultaneous relevant and appropriate mitigation
measures:

* The air-shed of the project site has, according to the assessment of ambient air quality, been
classified as unpotluted. The air quality of the air-shed of the macro environment as well as that of
the site itself will have no significant impact.

s The project will add to the overall socioeconomic development of the area.

e Project site has no sensitive areas such as protected sites including wildlife sanctuaries, game
reserves or national parks, or any archaeological, historical or cultural heritage in its inmediate
neighbourhood; as such its siting would have no sensitivity in this regard.

e Mostly there is scanty vegetation in and around the project site. The land is currently barren and
uncuftivated, with very little vegetation on the site. Most of the terrain is covered with wild bushes
& shrubs with only a few small trees along the west boundary of the site. There are scattered
villages near the eastern boundary of the site and a few houses are located within the site on a
ridge towards the north east. There is some patchy vegetation at the project area which will be
removed during project execution (with least disturbance to the natural vegetation structure) and
replanted in the ratio of 1:5 in the case of matured tree, and in the ratio of 1:3 in the case of small
tree after project completion. The vegetation cover loss shall be minimized as much as possible,

e The waste generated during site clearance will be rejected materials, surplus materials, paper hags,
empty cartons, empty paint and solvent containers, packing waste; scrap, excess construction
materials and debris etc.

¢ Non-hazardous non-recyclable wastes will be disposed of in landfill site through municipal
administration. v

« Priorto the commencement of civil works the Environment, Health and Safety (EHS) specialists will
develop a construction phase Occupational Health and Safety Plan {OHSP).

+ All transformers will be equipped with spill containment berms in accordance with relevant
national standards.

s A transformer maintenance schedule will be developed and usage of transformer oils will be
manitored on a regular basis.

e Chemicals and oils should be stored in secure designated areas with permanent impermeable
bunds at distance of at least 100 m from any watercourse.
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This IEE study was carried out to assess the environmental and socioeconomic impact during the design,
instaliation and operational phase of 50 MW Solar PV Power Plant in Lachi, district Kohat. The assessment
was carried out according to the requirements of KPK Environmental Protection Act 2014 and all the
applicable national and international standards.

The baseline environmental and socioeconomic information was collected from a variety of sources,
including reports of previous studies, published literature, and field survey (primary information). The
information collected was used to develop bhaseline conditions of project area with respect to the natural,
socioeconomic, and cultural environments likely to be affected by the project.

The proposed project activities were reviewed, and an assessment made of the potential impact of these
activities on the area’s natural, socioeconomic, and cultural environments is also described in this report.
Where appropriate, mitigation measures were recommended to keep the adverse environmental impact
within acceptable limits.

it is therefore concluded that if the field activities, including the implementation of all mitigation
measures, are carried out in line with recommendations suggested in the report, the impacts from
project’s construction and operations will not be adverse so as to deteriorate the environmental quality
of the project area and a more detailed repart will not be required in the form of an Environmental Impact
Assessment (EIA}). Additionally, careful implementation of the Environmental Management Plan (EMP)
will ensure that environmental impacts are managed and minimized and the project proponent meets all
statutory reguirements, '

There are two essential recommendations that need to be followed to ensure that the environmental
impacts of the project are successfully mitigated. The proponent shall ensure that:

¢ All mitigation, compensation and enhancement measures proposed in this IEE report are
implemented in full, as described in the document;

¢ The Environmental Management Plan is implemented in letter and spirit.

Screening of potential impact suggests that the construction & O&M of 50 MW Selar PV Power Plant will,
on adoption of the suggested mitigation measures, be an environmentally acceptable proposition and will
provide clean energy.
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Appendices

A. System Design
Specific losses are dependent on the system design and key plant components. For this Project, the
modelled system design characteristics are provided in Table 19.

Description Assumptions Source
DC Installed Capacity (kWp} | 50,033.7 Plant layout — Access
AC Nominal Capacity (kW) 40,500.0
at 50°C
AC Maximum Capacity (kW) | 45,000.0
at25°C
Grid Maximum Export 46,800.0 at the Point of Updated Grid Connection
Capacity (kW) Interconnection Report.pdf

PF=1 and PF=0.95 have
been modelled

87 module row {3 strings)
with 1 module in portrait

Power Factor Access-Siddigsons

Tabie configuration Kohat Layout

orientation
Tracker range of rotation (°) | +60
Pitch (m) 4.89

The site has been assumed
to be flat after civil (levelling)
works confirmed

There are no buildings in
site. However, grading
losses have been assumed
given the presence of the
hills to the south of the site.

Site inclination Access-Siddigsons

Near Shadings Site visit, satellite imagery,

Metering point location Assumed to be right after the | Access-Siddigsons.
MV:HV transformer, at onsite
substation

Appendix 1, System Design Assumptions Table

The key equipment and string configuration is summarised in Table 20 and Table 21 below.

Assumptions Source
Equipment type Manufacturer Nominal power Units Quantity
and model
Jinko JKM 355M-
Modules 22-V-4BB 355 Wp 140940
Inverter SMA SC 2500EV 2250 kVA 20
Transformer SMA ONAN Trafo | 2500 KVA 20
Appendix 2, Key Equipment List
Privileged and Highly Confidential Page 1 of 62
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A i Source:
. ssumptions Plant SLD

Module string No. of

layout Manufacturer Inverter No. of Modules per .
. strings per
and model rmodel Inverters String .
. inverter
. linko JKM 355M- | SMA SC
String conf. 1 29-V-4BB 2500EV . 1 36 270

Appendix 3. Assumptions for the Simulation

B. Irradiation Methodology

In order to determine the most accurate long-term GHI estimates, our teams continuousty evaluate
databases available on the market and data selection or weighting approaches. In this research, currently
23 locations spread over the global and in all relevant climate zones are used as benchmark locations. The
benchmark data are predominantly taken from scientific radiation networks, which aim to provide data
on climate change and model validation. Monthly and annual reference averages are based on a recent,
period spanning several years.

Following our research, weighting methods have been found to provide more accurate long-term GHI
estimates and typically outperform single databases; |.e. are superior to data selection. This can be
explained by the nature of most databases, which is predominately model-reliant in terms of spatial
resolution of information and sourcing. Furthermore, input data can be incomplete or not fully
representative for a gfven location. Thus, location-specific estimates of single databases vary within
modelling limits or can be biased. The most accurate single database evaluated so far comes globally with
an uncertainty (RMSE} of the annual long-term GHI estimate of 3.0%. Weighting of various datasets
appears to overcome partially this deficiency, with appropriate database selection being crucial in this
context.

We have reviewed various approaches to combine datasets. Weighting of the databases on the basis of
the number of years contained in each dataset and based on the inverse spatial resolution has been found
globally most accurate with an uncertainty {(RMSE) of the annual long-term GHI estimate of 2.5%. In this
regard, spatial resolution and Its inclusion in the weighting has shown increased significance when
comparing the results obtained for locations binned into continental, coastal and small island sites,

Far monthly long-term GHl estimates, similar results have been obtained with WM numbers being globally
more accurate than single databases.
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\__/:

& siddigsonsrovan

C. Irradiation Database

We frequently review database updates available on the market and consider the datasets included in
Table 22 to be the most applicable to a detailed irradiation analysis for this site. Other databases may not
cover a period that is long enough to be considered representative, may be outdated, may have a poor
spatial reselution or may show unrealistic results,

.Database

Description

Meteonorm 7

Meteonorm blends groun'd and satellite data for the period 19912010 from a

database of approximately 1,325 weather stations with global radiation and
temperature data. Where no radiation measurement is available nearer than 200 km
{or 50 km in Europe) from the selected location, satellite information is used. If the
nearest site is more than 30 km away {or 10 km in Europe), a mixture of ground and
satellite information is used. In Europe, the spatial resolution is 3 km and 8 km for the
rest of the world. Long term irradiation data purchased by QST Energy from the UK
Met Office have been entered into Meteonorm 7.1 to be utilised in the software
interpolation algorithm. This additional data provides a higher resolution of data-
points for interpolation at the site location.

SolarGlIs

This dataset is calculated from satellite observations made by Meteosat, GOES EAST
and MTSAT satellite and MACC-Il and GFS, CFSR atmospheric data. The data are
spatially enhanced to 1km resolution, the averaging periods are: 1994-2010 for
Europe, Africa and the Middle East, 1999-2011 for Asia, 1999-2014 for Americas and |
2007-2014 for the Pacific.

NREL SUNY

This data provides solar resource for surface cells of 0.1 degrees in both latitude and
longitude, or nominally 10 km in size. The solar radiation values represent the
resource available to solar energy systems. The data was created using the semi-
empirical sateilite model developed by Perez et al. as part of the India-US Energy
Dialogue. The model uses data from Meteosat 5 and 7 geostationary meteorological
satellites. This data was developed in collaboration with SUNY Albany and Solar
Consulting Services. The data covers India, Bangladesh Bhutan, Nepal, Sri Lanka and
parts of Pakistan, Afghanistan and india. Data collected from years 2000 through
2014,

PVGIS-CMSAF

This dataset provided by the EU Joint Research Institute’s Photovoltaic Geographical
Information System {PVGIS) is based on calculations from satellite images performed
by Climate SAF (CM-SAF). The database represents a total of 17 years of data
combining first generation (1996-2005) with second generation Meteosat satellite
observations (2007-2013). First generation data is given a weight of 70% and second
generation contributes 30% to the long-term averages. The spatial resolution is 3km
at nadir and increase with latitude and longitude.

NREL CSR

This model was developed from the National Renewable Energy Laboratory for the
U.S. Department of Energy’s Climatological Solar Radiation Model. it uses information
on cloud cover, atmospheric water vapour and trace gases, and the number of
aerosols in the atmosphere, to calculate the monthly average daily total insolation
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{sun and sky) failing on a horizontal surface. The spatial resolution of the madel is 40
km x 40 km.

Appendix 4. Irrudiation Dato
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The explanation of the PR losses and our approach is detailed in Table 23 below.

Loss

Description.

" ‘Modelling Approach

Near shadings

Loss of irradiance affecting the
meodules due to ohstruction of
direct sunlight from surrounding
objects. e.g. external shading from
nearby trees cor large buildings, and
mutual shading from neighbouring
modules.

Modelled using PVsyst near
shading engine, according to the
system design outlined

This takes into account the effect

Spectral losses are considered (o

causes anincrease in the reflection
of light from the front glass.

Spectral of operating at a different air mass | he effectively zero for crystalline
and solar spectrum than STC. silicon modules.
The loss due to times when the sun ; We account for this loss in the
. o Thi | i A
Angular / 1AM is not 90° to the module. This module pan files within PVsyst

using information provided in the
moduie datasheets,

Soiling / snow cover

Loss of light reaching the celis.
Over its working life the module
will collect dust, dirt, bird
droppings and vegetation on its
surface.

Potential soiling loss has been
estimated based on 3 cleanings per
annum and local precipitation
records. Major one-off events such
as dust storms have not been
considered within the soiling loss
estimate. We recommend that a
cleaning is schedule shortly after
these events.

We would recommend that soiling
is monitored and limited under
Q&M.

Low irradiance performance

This loss considers the relative
efficiency of the module when
operating at an irradiance level
other than STC,

We account for this ioss in the
modute pan files within PVsyst
using information provided In the
module datasheets.

LIE

This degradation causes
performance loss and occurs
during a module’s first operating
hours in outdoor conditions and
will reduce the module’s
performance when compared to
the standard values measured at
STC.

This loss is estimated based on a
review of available literature on LID
effects in crystalline silicon
modules.

Module guality / power tolerance

The loss / gain due to the madule
power tolerance is a result of the
deviation in the average effective
module efficiency with respect to
manufacturer specifications.

This loss is estimated hased on the
datasheet module tolerance
information.

Modute temperature losses

This takes into account of the loss
when operating at a temperature

‘| other than STC.

Modelled within PVsyst using
module datasheet information and
based on ambient temperature
information taken fram
Metechorm 7.

Privileged and Highly Confidential
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Shading: electrical effect

<

Loss due to the current of a string
of modules / cells being reduced to
the current in the most shaded
module / celi, this loss identifies
the electrical effect due to the near
shadings described above.

Modelled using PVsyst near
shading engine, according to the
system design outlined

Mismatch

Similar to the previous, this effect
takes place when combining
modules with varied
characteristics, such as variations
between zllowable manufacturing
tolerances, which will again limit
the current and ultimately the
power for all the modules linked in
the string.

This loss is estimated based an the
inverter type and module
tolerance, informed by our
experience of real module test
data.

Inverter efficiency

Loss due to inverter inefficiencies
in converting DC power from the
modules to an AC power the grid
can accept.

Modelled in PVsyst based on
datasheet inverter efficiency
information,,

Undersizing of the inverter

This power loss is caused when
inverter power is determined by
the AC output power rating of the
inverter components rather than
available DC power at its input
frem the PV system. This loss
typically occurs due to the DC field
being oversized with respect to the
AC rated output of the inverter.

This is modelled in PVsyst hased on
modciule and inverter datasheet
information as well as the electrical
design for the site.

MPPT performance

Loss due to accuracy of the
maximum power point tracking
algorithm of the inverter. As
operating conditions change, the
inverter must determine the
maximum power available from
the modules and adjusts the
operating point as required. The
accuracy of this controi algorithm
incurs a loss.

We have developed a methodology
to estimate the MPPT loss, based
on climatic information for the site
region, and detailed inverter
efficiency information if available.

Inverter PF clipping

When the inverter is cperating at
close to full load under non-unity
Power Factor, it may need to
reduce itsactive power (P [kW]) to
enable the reactive power (Q
[kvar]) to flow. '

This is modelled in PVsyst based on
the inverter datasheet information
as well as the PF reguirements for
the project,

Chmics, AC LV wiring

Electricai loss due to the Joule
Effect proportional to the voitage
drop along the wiring between the
inverters and the transformers,

We have assumed a highly efficient
three-phase bushar connecticn
from the inverters to the LV:IMV
transformers.

LV to MV transformer

Loss due to how efficiently the
transformer is able to convert the
power from LV to MV for

Assuming a low load loss
transformer from as part of the
SMA turnkey solution in cperation.

Privileged and Highly Confidential
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compliance with the connection
characteristics of the grid.

Similar to the EU Ecodesign
Guideline 2008/125/EG compliant
transformers,

Ohmics, AC MV wiring

Electrical toss due to the Joule
Effect proportional to the voltage
drop along the wiring between the
transformers and point of
connection,

Estimated based cn our experience
for this type of project design and
site conditions.

More detailed analysis can be
applied if cable loss calculations are
provided for review.

MV to HV transformer

Loss due to how efficiently the
transformer is able to convert the
power from MV te HV far
compliance with the connection
characteristics of the grid.

Estimated based on cur experience
for this type of project design and
site conditions and the '
specifications in the provided EPC
contract.

More detailed analysis can he
applied transformer datasheets are
provided for review.

Self-consumption

Loss due to energy consumption
from the site deducted from the
generation, which can include fans,
heaters, air congitioning, CCTV,
lights, etc. This loss does not
account for the Imported energy
when the plant is not producing
energy, i.e. seif-consumption during
standby and night-time is exciuded.

Estimated based on our experience
for this type of project and location
This loss is also exclusive of any
large on-site loads.

AC losses due to PF

Losses due to the reducticn in
active power capability of the
inverter and the reactive current

Estimated based ©n our experience
for this type of project design and
site conditions. o
More detailed analysis ¢an be

proportional to the voltage drop
along the wiring between the
transformers  and point  of
connecticn,

running through the AC
components when not running at | applied if cable loss calculations and
unity power factor. transformer  specifications  are
provided for review.
Evacuation line foss Electrical oss duetothe Joule Effect | We have not calculated any

transmission line loss since it was
confirmed by the us that the export
meters are at onsite substation.
Should this assumption change at
further stages, the yield numbers
would have to be updated.

Mecdule degradaticn

Loss due to natural degradation of
the modules performance during its
operating life.

We have undertaken a literature
review on module degradation, and
considers a linear annual
degradation rate of 0.4% to be an

appropriate assumption for
crystalline silicon modules.
Appendix 5. Loss Assumptions
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E. Uncertainty in Yield Madelling Assumptions

Uncertainties in the GHI, Gll and PR modelling assumptions are
impact the overall yield of the plant.
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shown in Table 24, Note these figures

Item

Uncertainty on energy

Explanation

Global Horizontat rradiance

£3.2%

Uncertainty  associated  with
metrological and methodical
uncertainty of the site-specific
solar resource and the applied
value in yield calculations.

Horizontal-to-inclined caiculation

£0.8%

Additional uncertainiy associated
with the calculation model for the
different components of inclined
surface irradiation.

Near shadings

+1.0%

Uncertainty arising from the
temporal resolution and from the
approXimations made in  the
simulation.

Spectrat

+0.5%

Uncertainty due to the estimation
of the effect of solar spectrum on
modules according to literature.

Angular / 1AM

t0.3%

Uncertainty associated with the
calculation model,

Soiling / snow cover

+2.0%

Uncertainty associated with the
estimation of soiling loss and/or
losses due to snow cover.,

Low irradiatian

£0.3%

Uncertainties of n{G} mainly arise
only during periods of low
irradiance.

LI

+0.5%

Uncertainty associated with the
estimation of LID loss.

Module quality / power tolerance

£ 1.5%

Uncertainty (standard deviation)
obtained in round-rohin tests
performed  at  international
calibration laborataries.

Medule temperature losses

t0.7%

Uncertainty arising from
uncertainties of input data.

Mismatch

104%

Uncertainty coming from input
data tolerances as well as
approximations made in the
catculation.

Ohmics,
DC wiring

+0.5%

Uncertainty arising mainly due to |
the calculation of low DC power,

Inverter efficiency

+0.7%

Uncerttainty arising from
uncertainties of input data as well
as approximations made in the
model.

Privileged and Highly Confidential
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Undersizing of the inverter +0.0% Uncertainty induced by temporal
resoiution and  approximations
made in the simulation,

MPPT performance +0.2% Uncertainty coming from input
data uncertainties and
approximations made in the
calculation,

Inverter PF clipping + 0.0% Uncertainty coming from
calculation inputs,

Ohmics, + 0.0% Uncertainty arising mainly due to

AT LV wiring ' the calculation of low voltage AC
power.

Ohmics, +0.1% Uncertainty arising mainly due to

AC MV wiring the calculation of medium voltage

' AC power.

LV to MY transformer + 0.4% Uncertainty in the caiculation of
transformer |osses,

MV to HV transformer +(0.2% tUncertainty in the calculation of
transformer lasses, '

Self-consumption +0.3% Uncertainty in the calculation of
setf-consumption losses.

AC losses due to PF +0.1% Uncertainty coming from
calculation inputs.

Degradation £0.3% Uncertainty due to  the
assumption ot published
degradation rates.

MV to HV transformer +0.2% Uncertainty in the calculation of
transformer losses.

Total uncertainty t4.6%

Appendix 6. Uncertointy Anolysis Assumptions

GHI uncertainty is combined uncertainty from basic metrological calibration uncertainty (+1.6%), our
approach (£2.5%) and site-specific variance of the solar resource databases as presented in section 6.1.1.
Uncertainties are combined using the standard error approach. The overall uncertainty in the PR
estimations is calculated via the standard error approach and corresponds to a value of + 4.6%.

Privileged and Highly Confidential
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F. Single Line Diagram
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. P&L and Balance Sheets

20170531 Pakistan_
solar_for feasbility s

Balance Sheet

20170531_Pakistan_
solar_for feasbility s

Profit & Loss Statement

Appendix 13. Balance Sheet and
P&L Statement
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Environmental Protection Agency
Forestry, Environment & Wildlife Department
Govt, of Khyber Pakhtunkhwa

Dated{§ €§/2017

To

Mr. Khawaja Bilal Hussain {CEQ},
Renewable Projects,

Siddigsons Nowshera Solar Limited,

7" Floor, Siddigsons Tower, 3 3.C.H. Society,
Block 7& 8, Main Shahrah-e-Faisal, Karachi.

Subject: SUBMISSION OF INITIAL ENVIRONMENTAL EXAMINATION
' (IEE) REPORT OF 50 MW SOLAR PV PROJECT IN KOHAT
DISTRICT, KPK

[ am directed to refer to the subject cited above and to enclose herewith
Environmental Approval/Decision Note on IEE Repoit of "SOMW Solar PV Project,
District Kohat' for your information and further implementation.

Moreover, Schedule VII must be submitted to this Agency within a month
on Stamp Paper as an undertaking for the compliance of terms and conditions as
mentioned in the Environmental Approval as well as mitigation measures proposed in
the IEE Report. (Copy enclosed).

\}\w\—fﬁég’%

Assistant Director (ELA-II)

DD AEIA Section 203 YHydro Power Prapectsi$t 3W Solar Projoci

3" Floor, Old Courts Building, Khyber Road, Peshawar Cantt.
Tel: 92(91) 9210263-9210148, Fax: 92 {91) 9210280



SCHEDULE-V
Degision on IEE

Name & address of Proponent:. Mr. Khawaja Bilal Hussain (CEQ),
Renewable Projects,
Siddigsons Nowshera Solar Limited,
7™ Floor, Siddigsons Tower, 3 J.C.H. Society,
Block 7& 8, Main Shahrahe Faisal, Karachi.

Bescription of Project: S0MW Solar Power Project is proposed to be

: at District Kohat for scaling up of power generation
capacity of the Peshawar Electric Supply Company
(PESCO) by adding 50MW. The total area for the

. proposed project is 284 Acres. The land for the
proposed project is located in 25.06 km to the South

of the Kohat town, 4.61 km South East of Lachi on

Indus Highway (N55) and approx. 75 km South of
Provincial capital Peshawar, Khyber Pakhiunkhwa.

The proposed project site is approx 5 km from the

nearby Lachi-grid station. The project construction
duration is twelve (12) months. The power will
eveniually be supplied at 132KV to nearby Lachi

Grid Station,
Location of Project: The project site is located at District Kohat.
Date of Filing of IEE: 11:03-2017

After careful review, the Environmental Protection Agency , Govt. of Khyber Pakhtunkhwa
has decided to accord approval of the Initial Environmental Examination for “50MW Solar PV
Project in District Kohat” in line with the guidelines issued by Khyber Pakhtunkhwa
Environmental Protection Act, 2014 and IEE/EIA Regulations, 2000, subject to the following
terms & conditions:-

a) The proponent will adopt all precautionary and mitigation measures identified in IEE
Report as well as any un-anticipated impacts during the construction and operation phase
of project. _

b) The proponent shall ensure to avoid duiﬁping of debris Into down slope. A proper area
should be identified for disposal of debris.

¢) Land ownership documents/acquisition/lease agreements duly verified shall be provided
to EPA before commencemenit of coristruction activities.

d) Existing traffic route must nét be disturbed and proper signboards should be instalied to
avold any inconvenience in the existing Right of Way (RoW).

e) The proponent should ensure the strict and efficient health and safety measures for the



f) Mature Trees on the project area shall be protected. Moreover Plantation should be
carried out in the available open spaces of the proposed project area.

g) Proper security/fences shall be installed around the project area.

h) Drinking Water Tube well shall be provided tc the nearby community.

i) Two Concrete cemented tanks {each of 20x15x05 feet) shall be constructed as storage of
rain water for the cattle grazing by the local people and being water scarce area..

i) Safety of the social & cuiturat life of the local community shall be ensured,

k) Non-technical jobs must be provided to local community.

I} Al conflicting issues regarding compensation, lease agreement etc if any to be settled
down before executing or commencing of the project activities and a certificate in this
regard should be submitted to EPA.

) m)This approval is only issued for the construction activities of the project and not for any
other kind of activities,

n) No extension would be permitted in the future in the existing project without prior
approval of the EPA/Govt. of Khyber Pakhtunkhwa.

0) The proponent shall provide the copy of this approval and IEE report to the contractor for
information and compliance.

6. The proponent shall be liable for correctness and validity of the information supplied by the
environmental consuitant,

7. The proponent shall be liable for compliance of Regulations 13, 14, 17 and 18 of IEE/EIA
Regulations, 2000, regarding approval, confirmation of compliance, entry, inspections and
monitoring.

8. This approval is accorded only for the installation/ construction phase of the project. The

) proponent will obtain approval for operation of the hydro power project in accorclance with

' the Regulations 13 (2) (b) and 18 of the IEE/EIA Regulations, 2000.

9. Any change in the approved project shall be communicated to EPA, Khyber Pakhtunkhwa
and shall be commenced after obtaining the approval.

10.  This approval shall be treated as nuil and void if all or any of the conditions mentioned above
Is/are not complied with,

11.  This approval does not absolve the proponent of the duty to obtain any other approval or
clearance that may be required under any law in force.

12, There is no legal case pending in the courts against the project.

13.  In exercise of the power under Section 13 of the Khvber Pakhtunkhwa Environmental
Protection Act, 2014, the undersigned is pleased to approve the IEE Report for construction
phase of the project with above mentioned terms and conditions.

Dated: Peshawar__ & {. ¢1- Aol F

Tracking/File.No,_EPA/IEE/50MWSolar/Kohat/ 92 4

S



SCHEDULE VIiI

UNDERTAKING

I

as proponent for

do hereby solemmly affirm and declare that 1 fully understand and accept the conditions

contained in  the approval accorded by Provincial Agency bearing fracking No.

dated and undertake to design construction

and operate the project strictly in accordance with the said condition and the IEE/EIA.,

Signature

Proprietor

Wiinesses:

(1

@)




SSL/EPA/171023 ' 23" COctober, 2017

Director General
Environmental Protection Agency
Government of Khyber Pakhtunkhwa

SUBMISSION OF 1EE NO-OBJECTION CERTIFICATE {NOC) UNDERTAKING FOR
50 MW KOHAT SOLAR PV PROJECT

Reference: IEE NOC no, EPAJIEE/solar/soMW/K/924 dated: 26/00/2017

Dear Sir,

With reference to the IEE NOC granted to Siddigsons Kohat Solar Limited, attached herewith is the
undertaking as per your requirement.

Regards,

i
e

.’;;“ i B
Urriair Apmed
Project Engineer

Attachment: Undertaking (Schedule-VIl)

2¥th Flaor, Ocean Tower, (.3, Block-9, Scheme # 5, Main Clifton Road, Kerachi, Paldstan. Ph: 92 21 35166577 (5Unes)
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[, Abdiir Ralilm son o d Tarlg Rafl hofding CNIC No. 4220104099885, 25 propon{.nt for 50
MWp Solar PV Projéct f): ohat District, Khyber Pakhiunkhuwa Province being developed by

Siddigsons Kohat S0 M&KD d do hereby solemnly affirm and declare that | fully understand and

\S-‘r

[

sccept the condi GpfaldEdIn the spproval accorded by the Provincial Agency bearing tracking
No. EPAJIEE/Solar/50 Ki924 dated 26" September 2017 and undertake to deslgn construction and
operate the project strictly in accordance with the sald condition and the 1£E,

s -
Date: oo f Coemeatuid 1113.533\4‘

Signature: :

Abdur Rahim___5=

Diractor

Siddigsons Kohat Solar Limited
vl L

Withesses:

o __Ahsan Bashir
O LgoE- 4
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Disclaimer:

This report has Attorney — Client Privilege. EMC Pakistan Private Limited has prepared this report
in accordance with the instructions of Siddigsons IKohat Solar Limited for their sole and specific
use. Any other persons who use any information contained herein.do so at their own risk. This
report cannot be used in the court of law for any negotiation or standardization.

© EMC Pakistan Private Limited 2017,



Foltial Environmental Examination (IEE) Stndy
50MW Solar PV Power Plant

Executive Summary

Siddigsons IKohat Solar Limited is the developer of 50 MWp PV Solar Power Plant that will be located in
Lachi tehsil, District Kohat, KPK,

The prime objectives of the solar power project are:

* Diversification of the company’s portfolio and invest in energy sector to exploit untapped energy

potential of the country
* To supply the renewable electricity to the national grid, thereby reducing power blackouts

In view of the objectives, the proponent have planned to uadertake the project which involves design,

layout, engineering, planning and supervision, as well as procurement of components.

The site is located 5.06 km to the south east of the town of Lachi, in Khyber Pakhtunkhwa, and
approximately 5 kilometres from 132 kV Lachi Sub-Station. The available site is of approximately 115

hectares. The location of the proposed project site is shown in the figure ES.1 below.

Khushal Garh

* Muslim Abad

Mandoori

KOHAT /.

»
Shikhano Banda
A lachi  Mohsin Khe! Kohat
»

PROJECT LOCGATION » (
T irdl Y
L]
* g X .
khazoobi *labbi
Lakarmar

Nashpa
[ ]

KARAK
Tole Bangi Khel

Roghan

CHicui: LEGEND o ~ T e e m::—
L L Rirets!Canal gk Iaeamyir o Ty ENFLLAL ENVIRONMENTAL EXAMINALIGN Zi0
H | & siddigsonsipare | TR - et | S MW SOLAR FOWER PROFRCT IN KOHAT {7
Sl R LACATION MAP s

Figure ES.1: Project Location Map

The proposed Power Plant will generate power that would be stepped up to MV by step up transformers
attached with the selected inverters. AC power will be stepped up through MV /HV transformer before the
metetring station. The power will eventually be supplied at 132 kV to grid. Approximately 5 km to the north
west of the site runs a 132-kV overhead transmission line (OHL). The preliminary first-year annual energy

generation of 78,834 MWh/year was calculated assuming a performance ratio of 78%.

EMC Pakistan
Private Limited




Initial Environmmental Examinaton (JEE) Study
S0MW Solar PV Power Plant

The clymate in Kohat is hot, sometimes extremely hot sumimers and mild to warm winters. It is mainly hot

sermi-ard clitmate range from 2°C in January to almost 43 °C in July.

During site visit, the texture of the top layer of the soil was found to be gravely, silty clay with small rocks

and light brown in color. No permanent rivers were visible at the site. Water channels were dry duting the

visit.

Being classified as Schedule T under the PEPA EIA/TEE Regulation 2000, the project is requil:ed for an

Initial Environmental Examination (IEE) to meet the environmental assessment requirements. The

findings of impact assessment and visual inspections of existing environment of the project atea in the

present scenario indicates following main impacts along with simultaneous relevant and appropriate

mitigation measures:

The air-shed of the project site has, according to the assessment of ambient air quality, been classified
as unpolluted. The air quality of the ait-shed of the macro environment as well as that of the site itself

will have no significant impact.
The project will add to the overall socioeconomic development of the area.

Project site has no sensitive areas such as protected sites including wildlife sanctuaries, pame reserves
or national parks, or any archaeological, historical or culttural heritage in its immediate neighbourhood;

as such its siting would have no sensitivity in this regard.

Mostly there is scanty vegetation in and around the project site. The land 1s currently barren and
uncultivated, with very little vegetation on the site. Most of the terrain is covered with wild bushes &
shrubs with only a few small trees along the west boundary of the site. There are scattered villages near
the eastern boundary of the site and a few houses are located within the site on a ridge towards the
north east. There is some patchy vegetation at the project area which will be removed during project
execution (with least disturbance to the natural vegeration structure) and replanted in the rato of 1:5
in the case of matured tree, and in the ratio of 1:3 in the case of small tree after project completion.

The vegetation cover loss shall be minimized as much as possible.

The waste generated during site clearance will be rejected materials, surplus materials, paper bags, empty
cartons, empty paint and solvent containers, packing waste; scrap, excess construction materials and

debris etc.

Non-hazardous non-recyclable wastes will be disposed of in landfill site through municipal
administration: - ‘ s ’ o
Prior to the commencement of civil works the Environment, Health and Safety (EHS) specialists will

develop a construction phase Occupational Health and Safety Plan (OHSP).

All transformers will be equipped with spill contzinment berms in accordance with relevant nadonal

standazrds.

A transformer maintenance schedule will be developed and usage of transformer oils will be monitozed

on a regular basis,

Chemicals and oils should be stored in secure designated areas with permanent impermeable bunds at

distance of at least 100 m from any watercourse.

;| EMC Pakistan
] Private Limited
it



Initial Environmental Examinaion (IEE) Study
SOMW Solar PV Powse Plant

This IEE study was carried out to assess the environmental and socioeconomic impact during the design,
installation and operational phase of 50 MW Solar PV Power Plant in Lachi, district Kohat. The assessment
was carried out according to the requirements of KPK Environmental Protection Act 2014 and all the

applicable national and international standards.

The baseline environmental and socioeconomic information was collected from a variety of sources,
including reports of previous studies, published literature, and field survey (primary information}. The
information collected was used to develop baseline conditions of project area with respect to the natural,

socioeconomic, and cultural environments likely to be affecred by the project.

The proposed project activities were reviewed, and an assessment made of the potential impact of these
activities on the area’s natural, socioeconomic, and cultural environments is also described in this report.
Where approptiate, mitigation measures were recommended to keep the adverse environmental impact

within acceptable limits.

It is therefore concluded that if the field actvites, including the implementation of all mitigation measures,
are carried out in line with recommendations suggested in the report, the impacts from project’s
construction and operations will not be adverse so as to deteriorate the envitonmental quality of the project
arez and a mote detailed report will not be required in the form of an Environmental Impact Assessment
(EIA). Addittonally, careful implementation of the Envitonmental Management Plan (EMP) will ensure
that environmental impacts are managed and minimized and the project proponent meets all statutory

requirements.

There are two essential recommendations that need to be followed to ensure that the environimental impacts

of the project are successfully mitigated. The proponent shall ensure that:

s All mitigation, compensation and enhancement measuses proposed in this IEE report are implemented

in full, as described in the document;
* The Environmental Management Plan is implemented in letrer and spirit.

Screening of potential impact suggests that the construction 8 O&M of 50 MW Solar PV Power Plant will,
on adoption of the suggested mitigation measures, be an environmentally acceptable proposition and will

provide clean energy.

It is recommended that the IEE be approved with the condition that recommendations given in the IEE
atid NOC will be duly followed by the proponent.

| EMC Pakistan
Private Limited
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Chapter 1. Introduction

11

1.2

General

This Initial Environmental Examination JEIZ) Repost presents the findings of the Environmental
Assessment study which was carried out in response to the requirements of KPK Environmental
Protection Act, 2014, According to Section 13 of this Act: “No proponent of a project shall
commence construction and operation unless he has filed with the Agency an mitial environmental
examination or where the project is likely to cause an adverse environmentsl effect, an
environmental impact assessment, and has obtained from the Agency, environmental approval in

respect thereof.”

Contact Information:

The Proponent Siddigsons Kohat Solar Limited

7t Floor, Siddigsons Tower, 3 J.C.H. Society,
Block 7 & 8, Main Shahra-e-Faisal, Karachi.
Tel: +92.21-32361201-10

The Consultant EMC Pakistan Private Limited

503, Anum Estate,

Opp. Duty Free Shop, Main Shahrah-e-Faisal, IS aracha,
Tel: +92 21-4311466, 4311467,

Fax: 9221-4311467.

Email:info@emc.com.pk , mal@eme.com.pk
Project Overview and Location

Project comprises of a 50 MWp capacity power plant based on Solar Photovoltaics PV
technology. It is located in the Lachi Tehsil, Kohat District of Khyber Pakhtunkhwa (I{PK)}

Province. The project site coordinates are as follows.

Table 1.1: Coordinates of the Project Site

S. No Point Latitude Longitude

1 P1 33°21'29.13"N 71°22'16.25"E
2 P2 33°21'28.67"N 71°23'11.82"FE
3 P3 133°21'54.02"N 71°23'13.33"K
4 P4 33°21'53.77"N 71°22'13.47"H

The project location map is depicted in figure 1.1,

=
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1.3

L4

1.5

1.5.1.1

Project Proponent

Siddigsons Group is engaged in a diverse portfolio of industry segments including textile, real estate,
banking, theme parks, dairy and energy. In textile, Siddiqsons Limited is pioneer of denim
manufacturing in Pakistan. The Company has the largest fully integrated denim manufacturing
under one roof in Pakistan. Siddigsons’ real estate business includes mega projects such as Ocean
Towers in Karachi, the tallest building in Pakistan as of May 2015. It also has over 2 million square
feet of real estate projects in pipeline. In Banking, Siddigsons has significant shares in MCB Bank.
Siddigsons Group, in 2013; has also diversified into dairy business, with an aim to produce high
quality milk through strict quality assurance mechanism. Siddiqsons Daities (Private) Limited has

initially started with a herd size of 2000 animals.

Siddigsons” latest venture is diversifying into Power Sector. Siddigsons is developing a 350 MW

Super-critical Coal-Fired Power Plant in Port Qasim Karachi. Siddigsons Solar Limited is the

Group’s initiative to contribute to Green Energy Power Generation in Pakistan and is developing
a 50 MW Solar PV Plant in Chakwal, Punjab. The Project has reached advanced stages and is
targeting COD 1n 2016. The group is also developing a 35 MW Hydro project in Azad Kashmir

under the name of 3JS Private Limited.
Project Background

The country 1s facing acute shortage in electrical power. The Government has been trying all round
efforts to increase generation capacities and transmission facilities. In this effort, the Peshawar
Electric Supply Company (PESCO) has been allowed to arrange for power on theit own. While
electrical energy is essential fuel all-round econormic activities, it is equally important that electrical
energy is produced through in-extensive methods and with lesser OR no damage to environment
and ecology of the area where the generation faciliies are constructed and commissioned. To
achieve these two primary objectives, the PESCO is keen to atrange generation facilities based on

solar energy.

The proponent aim to establish a 5¢ MW solar PV in order to support Government of KPK in
eliminating load shedding, The project will be constructed in 12 months post financial close.

Need and Justification of the Project?

Power Sector Structure Overview in Pakistan

The generation, transmission, distribution and retail supply of electricity in Pakistan is presently
undertaken by several public and private sector entities comprising of one national transmission
company; nine regional public sector-owned distribution companies; four public sector thermal
generation companies; one public sector hydropower generation company and 41 independent
power producets (IPPs). These entities enable the supply of power to the entire country except for
Karachi. The metropolitan city of Karachi and some of its surrounding areas are supplied power

by K-Electric, which is a vertically integrated utility owned by the private sector responsible for the

! Feasibility Study Kohat 50 MWp PV Project Khyber Pakhtunkhwa Province Pakistan by Access Power/Siddigsons

Limited (Feb 2017)
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1.5.1.2

1.5.1.3

generation, transmission and distribution of electricity in its region. The Central Power Purchase
Agency (CPPA), a public-sector agency, has recently become active for the centralized purchase of
power from all existing and upcoming private and public sector power producets. Ail public-sector
agencies/companies are administered/overseen by the Ministry of Water & Power, Government

of Pakistan.
L

The National Electric Powet Regulatory Authority (NEPRA) is an independent regulator setup for
the regulation of Pakistan’s power sector; in order to balance the interests of consumers and power
sector companies. NEPRA develops the regulatory regime and future market design for the power
sector. All generation, transmission, and distribution companies ate now licensees of NEPRA and

matters related to tariffs, licensing, safety, grid codes, consumer interest are regulated by NEPRA.

Electricity Demand & Supply - A Deficit Power Market

Despite political stability and democratic Government, Pakistan is facing huge energy challenges
in the form of load shedding in Electricity and Gas and energy crisis has inflicted far reaching

effects on the social and economic fabric of the county.

The total installed generation capacity of Pakistan {excluding the K-Electric area) is approximately
20,000 MW, distributed as follows:

*  Hydroelectric: 7,121 MW (90 MW in private sector)
*  Thermal (Public Sector): 3,678 MW
*  DPrivate Sector Producers: 9,282 MW

As per NEPRA industry report and AEDB, Thermal power in total energy mix is 16,633 MW
(66.46%), Nuclear is 787 MW (3.2%), Wind and solar is 356 MW (1.45%), Hydel Is 7,116 MW
{28.90%). National electricity demand is increasing at rate of 3 to 4% and is expected to rise to
56,847 MW by 2024-25. Also, due to & number of factors including seasonality of hydel &
renewable resources, lack of maintenance/aging of public sector thermal units and consequent
reduced capacity and technical issues with certain private sector producets the sector has been
facing an average supply-demand gap of about 6,000 MW in the recent past. Despite an installed
capacity of roughly 20,000 MW the sector had a maximum generation of approximately 15,500
MW in September 2015 at which time a demand-supply gap of approximately 4,600 MW still

existed. This gap increases significantly during surnmer, low watet or low gas supply months.

The present electricity demand supply gap, coupled with consistent growth in demand (6-7% per
annum), indicates the fundamental need for enhancing the country’s current power generation
capability. It may also be noted that approximately 5,800 MW of existing private sector generation
capacity and 3,700 MW of existing public sector generation capacity tray be decommissioned on

account of the plant life and fuel inefficiencies.

Pakistan Power Sector - Key Challenges

Pakistan’s power sector is currently afflicted by a number of challenges:

EMC Pakistan
Private Limited
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1.6

* A supply-demand gap, where the demand for electricity outstrips the current generation
capacity leading to a gap of up to 4,500 — 6,500 MW. The supply-demand gap has continuously
grown over the past 5 years and has led to significant load-shedding across the country.

» FExpensive electricity generation (approximately PIKR 12/kWh) due to increased dependence
on expensive thermal fuel sources including furnace oil and high speed diesel.

¢ Inefficient power transmission and distribution system that currently records losses of 23-25%.
Government has estimated the true cost of delivering a unit of electricity to the end consumer
at greater than PKR 15.60 after tﬁking into account the collection losses and the real losses to
the distribution companies.

* The aforementioned incfficiencies and high cost of generation are resulting in high levels of

subsidies and circular debt,

Private Sector Participation in Paliston's Power Market

Private sector participation in the Pakistan power sector dates back to the mid-1990s with
mvestment by a number of international companies and renewed interest by Chinese companies
in recent years. Presently, approximately 45% of the installed generation capacity of the country is
in private sector, with another 5,000 MW of IPPs under construction. Successive governments in

the country have reiterated the commitment to increase private sector participation.

Private Power & Infrastructure Board (PPIB) and the Alternate Energy Development Board
(AEDB) have a track-record of attracting investment in the power sector for two decades or so
and provide a one window facility for the processing of private power generation projects. PPIB
deals with thermal and hydropower projects above 50 MW wheteas AEDB is responsible for
providing facilitation for renewable energy based projects (including hydropower projects below

50 MW). Certain provinces also have their own facilitation agencies.

Based on the lucrative fiscal and financial incentives provided by Govemment of Pakistan along
with an effective energy policy, a noticeable surge in inferest from national and international
inverters is evident which has resulted in development of multiple Solar and Wind energy projects

in recent years.

At present, 28 solar PV projects of 956.8 MWp & 29 Wind energy projects of 663 MWp capacity

ate under development within the framework of AEDB policies and procedures.

Scope and Objectives of Initial Environmental Examination (IEE)

This IEE report has been prepared to conform to the requirements of the KPK Environmental
Protection Act, 2014, Pakistan Environmental Protection Agency (Review of IEE/EIA)
Regulations, 2000 and the guidelines provided in the Pakistan Environmental Assessment
Procedures, 1997.

Field surveys of project area were catried out by a team of environmentalists and sociologist for
field data collection including observational surveys; site assessment/ environmental sensitivity
analysis, and verification of available secondary information. Secondary information was collected
from previous studies conducted in the area, studies conducted by EMC in the project area in past

and district census reports etc.

8 Private Limited

EMC Paldstan



initial Enviconmental Examination (IEE) Seudy
EOMW Solar PV Power Planz

1.7

1.8

1.9

The IEL report has beer: conducted to achieve the following main objectives:

*  Major adverse impacts on the environment (physical, ecological and social) during project

activities are identified.

¢ Adverse environmental and social impacts are approptiately addsessed and adequate mitigation

measures are incorporated in the project plans.

¢ Environmental Management Plan (EMP) for sustainable implementation of project is

developed for implementation of mitigation measures and monitoring of the project actvities.
Justification for IEE

Initial Environmenta! Examination (IEIL) of the project has been catried out in compliance with
the mandatory requirement of Section 13 of KPK Environmental Protection Act, 2014 and

Pakistan Environmental Protection Agency (Review of IEE/EIA) Regulations, 2000.
The Section 13 of KPK Environmental Protection Act, 2014 requires that:

"“Na proponent of a project shall commence construction and operation unkis be has filed with the Agency an initial
enveronmental exagrination or where the project is Lkely to cause an adverse environmental sffoct, an environmental

impact arsessment, and bas oblamned from the Agency, envirenmental approval in respect thereof.”

Pakistan Environmental Protection Agency (Review of IEE and EIA) Regulations, 2000 have been
notified under section 33 of PEPA 1997 and according to this the proposed project falls in

Schedule — 1, requiring an Initial Environmental Examination (IEE).

In compliance with the above cited conventions and regulations, an IEE study has been prepared
and its report is being filed with the Khyber Pakhtunkhwa Environmental Protection Agency for

approval
Categorization of IEE Study

On the basis of the categorization given in Schedules I and II of the Pakistan Environmental
Protection Agency (Review of IEE and EIA) Regulations, 2000, the proposed project falls in

Schedule 1 requiring an IEE as the project is categorized as:
J. Other Projects

Any other project for which filing of an IIZE is required by the Federal Agency under sub-regulation (2) of Regniation
5.

Methodology Adopted for IEE Study

The environmental assessment (examination and evaluation) is primarily based on simple
comparative evaluation approach. Initially the baseline or the profile of the project area is
developed by site surveys, collecting data, records and information on physical, ecological /
biological as well as socioeconomic environment, The compiled data is then projected or modelled
for different phases of the project. The likely changes in the critical environmental aspects or
significant changes in the ambient environmental patameters are identified. Identification,
assessiment and evaluation of significant impacts, either in qualitative or quantitative terms, are

carried out for which appropriate mitigation measures are subsequently proposed.

)
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1.5.1.

1.9.2,

1.9.3.

1.9.4.

1.9.5.

1.9.6.

An overview of the methodology adopted for the IEE study is presented below.

Understanding of the Proposed Operation

This step required collection of information from the proponent on the proposed project activities

and understanding these activities for assessment of impacts at later stages of the study.

Review of Legislation and Guidelines

National legislations, international agreements and environmental guidelines were reviewed to set
environmenta] standards that ownet would be required to adhere to duting the different stages of
the project.

Secondary Data Collection

Information: from the proponent, available secondary data including environmental studies on
similar projects by EMC and other consultants wete also reviewed. Available literature on project
area was reviewed to gather information for development of social and environmental baseline

profiles for the study,

Field Data Collection

IEE study team visited the project area to collect primary data and information on the physical,
biological and socio-economic background conditions of the project area. Discussions were also

held with the members of community in the project area to coliect area specific primary

information along with their views and concerns regarding the project activities,

Detailed Groundwork Investigations: For having an over view of the project area and to assess
the existing infrastructure / socio-economic activities, a detailed groundwork investigation was

carried out at the project site.

Baseline Studies

The environmental profile of the project area was established through secondary data as well as
field surveys. The information was collected and compiled on environmentally important areas,
ambient air quality, surface and groundwater resources, existing and proposed roads, local

communities, agriculture, public services, and sites of archaeological or cultural importance.

Impact Identification and Assessment

Potential impacts which may arise from project related activides were identified. These include
effects on physical, biological, socio-econommic, archaeological and cultural environment. Impacts
were identified and assessed on the basis of field data, secondary data and expert opinion. The

issues studied incduded potential impacts related to:

¢ JLand Use

s Geomorphology

¢ Hydrology; Groundwater and surface water quality
s Ambient air quality

®  Visual Effects

;] EMC Paldstan
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1.9.7.

1.9.8.

1.2.9.

* Noise Effect

*  Social issucs

s  Cultural Hentage and Archaeological Issues

¢ Flora and Fauna (Wildlife)

¢ Impact on protected areas

* Impacts duting construction

*  Impacts during operation

The discussion on impact assessment and imitigation measures is based on following
considerations:

*  The present baseline conditions

*  The change in environmental parameters likely to be affected by project related activities

* Prediction of impact, including all long-term and short-term, direct and indirect, and positive
and adverse impact

*  Evaluation of the importance or significance of impacts based on available local, national and
international standards, of, where such standards were not available, the best practices

elsewhere.
¢ TImplementation of mitigation measures (.e. environmental management)
¢ Determination of residual impact
* Identification of controls and monitoring of resicual impact
Recommendations to Mitigate Impacts
Keeping in view the baseline collected data and impacts identification; mitigation measures were
recommended to minimize, eliminate, or compensate for the potential environmental and social

impacts on the zone of influence of the project. Mitigation measures were recommended on the

basis of past experience, legislative requirements and professional judgement.

Development of Environmental Management Plan (EMP}

Environmental management plan (EMP) was developed for effective implementation of the
recommended mitigation measures. EMP included controls to minimize the identified impacts,
and monitoring program to monitor residual impacts, if any, during the operation. The EMP also
lays down procedures to be followed during the stages of project and identfies roles and

responsibilities for all concerned personnel during the operation, including post project reporting.
Reporting

Upon completion of IEE tasks, findings of the IEE study were documented in the form of IEE

report.

| EMC Paldstan
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1.10 Structure of IEE Report

111

The format of the IEE report conforms to the requirements as stated in the Pakistan
Environmental Procedures, 1997. Findings of the IEE study have been documented in this report
according to the following structure:

Section 1 Introduction

Section 2 Project Description

Section 3 Legislative Framework

Section 4 Environmental and Socio-economic Baseline

Section 5 Potential Environmental Impacts & Mitigation Measures

Section 6 Environmental Management Plan (EMP)

Section 7 Conclusion

The main text of the report is supported by a seres of Annexures which provide auxiliary

information.

IEE Study Team

This IEE study has been conducted by a team comprising environmentalists and sociologists.
Valuable input was made by each team member who contributed in compilation of this teport.

Names and designation / role of the project team members are given as follows:

Table 1.4: IEE Study Team
;'0. Name Position

1. Mr. Syed Nadeem Arif Director/Team Lead
2. Mr. Saquib Ejaz Hussain Environmental Scientist
3. Dr. Asad Ghufran Ecologist
4. Mr. S.M. Schaib Tarig Environmental Engineer
3. Mr. Khurram Shams Khan Senior Sociologist
6. Mr. Mustafa Warsi Renewable Energy Enginecer
7. Mr, SM. Zaman Geologist
8. Ms. Zulekha Soorma . HSE Advisor

&

MC Pakistan
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Chapter 2. Project Description

2.1

2.1.1

Site Assessment

The developers have carried out an assessment of the proposed site for the development of the 50
MW PV plant to opine on whether the selected area can accommodate the proposed development.
This land is currently privately owned and the negotiations are underway for its purchase from the

curtent ownets.
The purpose of the assessment was to evaluate the suitability of the proposed site in terms of:

¢ Site setting
s Topography, terrain, and hydrology
s Near and onsite shading

*  Site access, laydown area and security

These aspects are discussed in the following sections.

Site Setting

It is important to consider the site sctting in ordet to establish whether the local climate, weather,
and landscape is suitable for a solar PV dévelopment. Local conditions can affect all aspects of the
project including the equipment selection and the operations and maintenance activities, and
extreme conditions. can affect project viability. The site is, located 25.06 km to the south of the
town of Kohat, 4.61 km south east of Lachi on Indus Highway (IN55) and approximately 75 km

south of the provincial capital, Peshawar in Khyber Pakhtunkhwa, Pakistan.

The site is located at the base of hills a few tens of metres from the southern boundary of the site.
The uneven terrain in the south extends up to 370 metres to the centre of the site. A pond
approximately 0.12 hectares is located near the north-western boundary of the site with the
presence of streams and smaller trailing water bodies runaing through the site. From the survey, it
is concluded that these streams are now dry. A topography survey of the site, has recendy been
completed. The land is currently barren and uncuoltivated, with distributed and non-dense
vegetation on the site although some evidence of animals grazing was found on the site. The site

also containé unused and barren plots which are clearly demarcated through borders / trees.

Figure 2.1 below shows. a location of the site and its immediate surroundings.

Table 2.1: Coordinates of the Project Site

S.No Point Latitude Longitude

1 P1 33°21'29.13"N 71°22'16.25"E
2 P2 33°21'28.67"N 71°23'11.82"E
3 P3 33°21'54,02"N 71°23'13.33"E
4 P4 33°21'53.77"N 71922'13.47"E

EMC Pakistan
Private Limited
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The project area 1s estimated to be 115 hectares. The area is not populated. There is a stream of
called Lachi Toi from the Kohat Toi Ttibutary 2bout 2.38 km northwards from the project site.
Streamn of Maramzai Algad, which originates from Lachi Tai, is at about 3 km from the project

site, in north-western direction.

The site has roads marked jn white as shown in Figure 2.2Error! Reference source not found..
his makes the western, northern and southem boundaries accessible. However, the north-eastern

and eastern part of the site have limited road access.

Internal site roads will need to be prepared and maintained to enable vehicles to. move around the
site without the risk of getting stuck in the sand or mud during heavy rains. ‘There are multiple dirt
tracks that run across the site mainly in the western central part of the site along the access road

previously mentioned.

Ry L

Figure 2.2: Mab showing Roads near the Project Site
Sowrce: Feasibiliry m@' Kobat 50 MWp P17 Projest

Apprbximately 3.1 km to the north-west-west of the site is the 132 kV Lachi sub-station located
along the Indus Highway. Proponent plans- to connect to the 132 kV Lachi grid station, which is
to be confirmed as suitable by the Grid connection study. The transmission line is currently capable

of transmitting 45-50 MVA. A grid connection study has been completed:

Water access is made possible by the presence of small ponds located in close proximity to the
northern and western boundaries of the site. A pond lias been located within the site and could

patentially meet all water requirements.

There are scattered villages neas the eastern boundary of the site and a few houses are located

within the site on a ridge towatds the north of the site.

E EMC Pakistan
] Private Limited
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Table 2.2; Snmmary of site surroundings and impact

Item

Kohat Site

Current Land use

Barren land, unused

Neighbouring properties

No signs of communities in or 100 m near area.

Services

Not identified

Distances from town of Kohat and Lachi

Kohat — 25 kim and Lachi — 5.1 km

Neighbouring Sertlements

Nomne. Nearest setttement is 1.3 km from northem
boundary

Examples of likely Environmental and
Social Impacts

Negative

— Increased dust during construction
— Traffic during construction
Positive

— Social Benefits

— Employment opportunities

Source: Feasibility Study Kobat 50 MWp P17 Project

2.1.2 Topography, Terrain and 'Hydrolo'gy

Certain parameters of the site design, such as row spacing, can be heavily influenced by surface

fbpograp11jr. The proposed site comprises of'ridges,‘ smmall Iﬁﬂocks made up of small stones,

gravel and clay as shown below in Figure 2.3.

Figure 2.3: Map showihg Roads near the Project Site
Sonrie: Feasibility study Kobat 50 MWp P17 Project

Ridges, gullies, elevated hillocks and steep depressions are located in the south of the site. The area

in the centre west was found compatatively flat whereas rest of the site can only be utilized after

significant grading.

No petmanent rivers were visible however two dry water channels pass through the site.

Table 2.3: Summary of site characteristics

Items Characteristics
Topography Gullies, hillocks, depressions
Terrain Barren land with uneven terrain with small rocks, gravel and silty clay
Flocd Risk Low, since rainfall is low and area is sloped overall

Seismic Zone

Seisnically active region with previous earthquakes in the 5.8-6.8

Richter range

Climate

Hot and arid with some rainfall between July and August

Water Access

range from western and northern borders of the site,

Several small ponds have been identified close to the site within a 3 km

Source: Feasibility Study Kobat 50 MWp PV Projsst

{ EMC Pakistan
Private Limited
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2.1.3

2.1.4

Near and On-Site Shading

Shading on PV modules reduces the amount of electricity generated, consequently it is essential
to consider the potential shading from both on-site and near-site objects. In addition to this, it is
also important to consider the variation of size and shape of possible shading objects with time.

‘These variations, in fact, may create shading issues where there were none previously.

The site consists of ridges and hillocks with hills to the South from FEast to West translating to
uneven surface and excessive shading in the subsequent depressions, mainly in the Southern

portion of the site. However, a flat site has been assutned for plant layout.

Site Access, Laydown Area and Security

Construction of a solar PV plant requires safe and reliable access for large and heavy vehicies. It is
necessary to consider the suitability of the current access, and highlight if any works will be required
to enabie satisfactory access pre-construction. The hardwate and equipment used must be
unloaded and stored somewhere before installation. This area is known as the laydown area and
will normally also house site offices. Considering the build-up of equipment, personnel, and traffic,

its location 1s important.

Security is required to reduce the risk of theft and ensure safe access for authorized personnel. [t
is recornmended that the site has its own security staff Jocated near or on the site. Mitigation
measures such as fencing and site management should be among the first things present and
installed on site, The site is accessed by an inroad leading in from the Indus Highway as shown in

Figure 2.4.

Figure 2.4: Site access from Lachi via Indus Highway
Saurce: Peasibility singy Kohat 50 MWp P17 Project

Most deliveries of equipment are expected to be made via Kohat and Lachi respectively.

Several of the in-roads splitting away from the main Indus Highway are observed to be muddy or
poorly laid roads which could potentially cause delays in deliveries to the site once the trucks /

cranes have reached the vicinity of the Kohat site. All deliveries to the site would be received at

EMC Pakistan

>} Private Limited
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2.2

the site entrance and a turn-out bay will be required to allow trucks to turn off and merge on to

the link road safely.

The most logical location for the site entrance and laydown atea is in northwest of the site, adjacent
to the road leading to the site. This location offers not only easy access but will minimize disruption
to construction activities within the solar field. Fencing and security should be provided for the

laydown area at the site from commencement.

A detailed assessment of the security of the Project location and possible mitigation measures is
outside the scope of this report. We recommend that security costs be considered in the final
economic analysis of the Project, that preliminary discussions be held at an eatly stage with
potential EP'C contractors to ensure that they are able to operate in this location and that major
vendors, including inverter suppliers, are confirmed as able to provide specialist staff for

comimissioning and ongoing service support.

The closest haspitals and police station are situated in the town of Peshawar and Kohat, both

approximately at 75 km and 25 km respectively from the site by road.

There is currently no municipal water supply or sewerage at the site and therefore water and
ablution facilities will need to be provided for the construction of the plant as well as duting

operations and maintenance.

Table 2.4: Summary of Site Access

Site Access Single lane road access from Lachi
Access Point North west corner of the site, alongside the access road
Q;;S;{OR:; d Length from 6.6 km from Indus Highway cutting through Lachi
Laydown Area North west cotner of the site
Tmpacts .Potenti'fal congestion and disruption to businesses and residences
in Lachi and Mchsen Khel Kohat.

Source: Feasibility Study Kohar 50 MWWFp P17 Project

Grid Assessment

Pakhtunkhwa Energy Development Organization {PEDO), Pakistan has issued a “Letter of
Intent” (LOI} for the Kohat 50 MW Solar PV Project to the Proponent with expected Commercial
Operation Date (COD) as December 2017. The project is situated in Kohat district of Khyber
Pakhtunkhwa Province, Pakistan, The inter-connection will be done by a double citcuit line of

length 7.5 km originating from Kohat bus to Lachi 132 kV substation.

The solar PV power plant would be interconnected to the 132 kV Lachi line. Hence, the grid

interconnection scope for power transfer of the project in particular is projected with;

s A 132 kV double circuit transmission line, approximately 7.5 km length from Kohat is
connected to Lachi 132 kV grid station.
s 2 transformers 132/33 kV of GOMVA capacity for the Project.

The national grid system after addition of the solar PV plant was analyzed for load flow, shoxt
circuit, transient stability and power quality studies to determine whether the plant connection with
the PESCO grid meets the NEPRA/NTDC Grid Code requirements.

=
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2.3

The latest and up-to-date network model base cases were used as provided by .50 MW Solar Kohat
PV Power Project. Generation and Transmission expansion plans have also been incorporated as
delivered by PESCO, whereas steady state, sequence and dynamic data for the PV plant is

processed to build the steady state, short circuit and dynamic models in PSSE software format.

The analysis has been performed for September 2018, winter 2018 and summer 2021, peak cases
of the mnterconnection year 2018-19 and horizon year 2021-22 of studies respectively. The power
flow analysis shows that the bus voltages and line loadings in all the cases, with and without addition
of the subject solar PV plant are within acceptable limit of defined planning criteria. The results
were also validated as per the standards of line loading and bus voltage limits in associated N-1

post-contingency conditions.

Maximum short circuit level at LV, MV and HV (POI) buses of the solar PV plant in both the year
of commissioning and horizon year were computed. Moreover, in order to see the shott circuic
current contribution of the solar PV plant, maximum short circuit levels at the substations Jocated
in vicinity of the project are also computed. The results show that fault levels are within the circuit
breaker duties with the addition of the subject project to the 132 kV network of 50 MW Solar
Kohat PV Power Project.

The transient stability studies were carried out to check the dynamic impact on the solar PV power
plant due to potential faults in national grid system and, in turn, the impact of disturbances in the
solar power plant on natdenal grid system. The solar power plant 1s found to meet all the transient
stability requirements as per defined by the NEPRA Grid Code. The results of transient stability
analysis shows that the power system is stable for the suggested interconnection scheme of the

project and it fulfils all the criteria for the generation connection with the power system.

In the power quality analysis, the major criterion of the power quality i.e. flicker, voltage un-balance,
frequency operating range, harmonics and powef factor has been investigated at the subject solar
PV plant for the worst-case scenario. Moreover, the obtained values are compared with the
standards of IRC (JEC61400-21 and IEC-61727) and the results show that the all the parameters
remain within the acceptable range of the IEC criteria, Based on the study results, overall it is
concluded that proposed generation connection for the Project meets the NEPRA/NTDC Grid
Code and Planning Criteria,

Conceptual Design

This section describes the conceptual design of the Plant, which follows conventional and well
proven commercial practice. Detailed design will be undertaken by the EPC Contractor according
to the Technical Specification which will include specific Project’s owner requirements,
performance requirements and applicable standards inchiding Pakistan Building Code and IEC
Standards. The Plant shall be designed for a minimum of 25 years” life.

During the tender evaluation phase, alternative designs, including the use of trackers or string

inverters, may be considered.

b
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2.3.1.2

Design Assumptions

7r

A conceptual system design for a 50.0 MWp plant with a minimum life of 25 years has been created.
The high-level system design assumes that the Jand is flat, there are no material constraints and
that Tier 1 polycrystaline modules, central inverters and fixed dlt, static steel framework structure

are used.

The system design and modelling assumptions are provided in Table 2.5 and Table 2.6 respectively.

Table 2.5: System design assumptions

Array | Module Module |No.of |Inverter:Inverter [ No.of [No.of No. of
size Technology | Nominal | Modules Type Rating | Inverters | Modules | Strings
(kWp) Capacity (kW) per per
(Wp) String | Inverter

32,448 | Polycrystalline | 320 10,1400  Ceneral {1000 26 20 195
7,561.6 | Polycrystalline § 320 54,880 Central {1000 14 20 196
Sonrce: Feasibility Study Kobat 50 MW P17 Project
Table 2.6: System modelling assumptions

Criteria Assumptions
Inter Row Spacing (Pitch) 7.0m
Module Inclination 25°
Module Azimuth Due south (0°)

Array Configuration

4 modules in landscape

Site Terrain

Assumed flat

Horizon Line

Assumed free from matetial shading

Module Toletance

0 / +5%

‘ . Lachi 132 kV grid station approximately 7.5 km
Deliver / Point of Contact

length from the site

Sonree: Feasibility Study Kobat 50 MWp P17 Project

Moduies and Mounting Frames

A module is an array of solar cells that converts the energy received from sunlight into electrical
energy through use of the photovoltaic effect. Sificon solar cells are made from either mono-
crystalline wafers which offer slightly higher efficiency at a higher cost, or poly-crystalline wafers
which offer slightly lower efficiency but at a lower cost. Each individual photovoltaic module is
approximately 1 x 2 m and is of a glass construction, typically set in an outer metal framework. The
front surface is generally treated with anti-reflective coatings. Poly-crystalline modules can offer

more economic solutions for utility scale projects.

"The modules are electrically connected by string cables which run through conduits placed behind
the rows of modules. The string cables terminate at junction boxes which are genetally found
adjacent to module rows. Junction boxes then connect to inverters via larger diameter underground

cables.

EMC Pakistan
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23.1.3

Tier-1 320 Wp polycrystalline module has been considered for this report on the basis of site
conditions, efficiency, price and module track record under prevailing site conditions. 7814 strings
of 20 modules each have been proposed with a total installed capacity 50,009.6 kWp using 156,280

modules.

The mounting structure may be supported on a variety of different foundation designs including
steel mini-piles driven directly into the ground or concrete foundations formed in place. The final
design of the foundation should be in line with the recommendatons of geotechnical survey of the

site.

The module support structure is generally arranged in rows, and follows the landform, generally
rising no more than approximately 2.57 m above ground level at any point. The rows are separated
from one another by an open space, which is determined by the site and project but generally

between 3 m to 8 m.

Generally, less than 30% of the entire site area will be beneath solar arrays or taken up by ancillary
buildings, leaving the majority as open space. The unoccupied ground between rows of modules
and under the modules can be seeded to produce vegetation. Once constructed, it is viable for
farming activity such as grazing of medium-sized animals like sheep provided cables are adequately

protected.

Inverters and Transformers

Inverters are required to convert the direct current (DC) electricity generated by the PV modules
into alternating current (AC) which is suitable for exporting to the grid. The inverters also manage

and optimize specific electrical parameters in order to maximize energy production.

Inverters are most commonly available as either string inverters or central inverters. String inverters
are smaller devices, each managing a small number of modules, typically mounted on the module
support structures and with a capacity typically less than 50 kW. They are better able optimize
electrical parameters and maximize energy production in conditions where orientation or shading
vary, particularly rooftops. However, the large number required for a utility scale application often

results in higher installation and maintenance costs, including replacement over the Plant lifetime.

Central inverters are larger devices with capacities up to 1,000 kW or more which manage greater
sections of the Plant. They are generally able to optimize energy production mote efficiently, are
less resource intensive to maintain and can be more economical to purchase and install. Central
inverters are typically housed within weatherproof skid-mounted enclosures with approxitnate
dimensions 8.5 m long, 2.9 m wide and 3.2 m high. Alternatively, they may be installed in a masonry
building with adequate ventilation. Care should be taken to ensure adequate ventilation, particularly

considering the high ambient remperatures at this site,

For a project of this scale, location, and landform, central inverters are likely to offer the best
solution. A central inverter scheme with 40 x 1000 kW inverters has been proposed considering
the inverter to array ratio, cost effective graoular monitoring and reliability of the system. All

inverter substations contain 2 x 1,000 kW tnverters.

EMC Pakistan
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2.3.1.5

2.3.1.6

2.4

The transformers are required to step-up the relatively low AC voltage as generated by inverters
(typically 300-400 V), into the internal 33 kV MV networlk, and then again to 132 kV for HV grid
connection. All substations contain 1 x 2,500 kVA LV/MV tansformers installed integrally with
the inverter enclosutes whereas the MV to HV transformers will be housed adjacent to the
switchgear. The TLV/MV transformers ratings mentioned on the Single Line Diagram (SLD) are
only indicative whereas the MV/HV transformer ratings are 1o be defined in the finalized version

of feasibility report.

Switchgear

Switchgear is used to control the connection between the Plant and the clectricity distribution
network. The client plans to connect to the 132kV Cherat Grid station, 5 km east of the site, which
is to be confirmed as suitable by the Gnid connection study. Typically, there are two sets; one
belonging to the Distribution Network Opetator (DNO), PESCO/NTDC/CPPA in this case, and
one belonging to the Plant, which are housed in separate cabins or switch tooms. The appearance
and size of the cabins will be determined by the requirements of the DNO and the Project, but it
is likely they will be fabricated from brick or glass-fibre reinforced plastic with approximate

dimensions of 5 to 7.5 m long, 2.75 to 4.75 m wide and 3 to 4 m high.

Monitoring and Centrel Room

A monitoring and control room office will be constructed where feedback and information on the
operational status of the Plant will be provided through monitoring systems such as the Supervisory

Control and Data Acquisition (SCADA) operating system.

Security

By the start of construction, it will be ensured that security measures have been put in place in
order to prevent unauthorized access to the plant. It is being considered employing manned
security patrols in addition to installing a boundary wall of at least 2.2 m, topped with barbed wire

plus to several infra-red technology security cameras mounted on poles.

High Level Yield Assessment

A preliminary high level yield assessment based on the average GHI and average inclined irradiation
was performed, with the results shown in Table 2.7. Assumptions on the performance ratio were
based on that of similarly sized projects in Pakistan. The results are specific to the first year of

generation by the plant.

Table 2.7: High level Yicld Assessment

GHI GII Assumed PR | Specific Yield | First Year Generation
{(kWh/m2/yt} | (kWh/m2/yr) (%) (kWh/kWp) (MWh)(AC)

1,792 2,034 0.78 1,587 79,341

1,792 2,034 0.8 1,627 81,375

Sonrce: Feavibility Study Kebat 50 MWp P17 Projoct
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Based on typical Tier T polycrystalline PV modules, Access expects a linear degradation of 0.4%
per year for the PV imodule energy output. This value can be used to determine the approximate

energy generation for the subsequent years after year one if needed.

2.5  Plant Layout and Design

Plant Layout and the Single Line Diagram is provided 1n the fig 2.5 and 2.6,

Site Laydown Area for Equipment

Proposed Site Entrance

Avolded area in plot due to lughly

Potential Sub-Station Locations

Figure 2.5: Plant Layout and Design
Sonrce: Feasibiltyy stndy Kobat 50 MWp P1 Project
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Timeline of the Project

2.6

Project Timeline is provided in the fig 2.7.
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2.7

2.7.1

2.7.2

Photovoltaic (PV) Technology

Basic Principles of Solar Photovoltaic Plant

Solar photovoltaic plants use the global irradiation (GI), which is converted into electric energy.
Adequate project locations should offer at least 1,200 kWh/m? per year. The basic concept of a

PV power plant is shown in figure 2.3 below.
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Figure 2.8: Schematic Overview / Principle of Photovoltaic Systems, Single Line Diagram
Sosmrce: Feasibility study Kobat 50 MIPp P1 Project

The solar energy collected by the modules is aggregated in several steps until it reaches the inverter.

The inverter converts the DC power provided by the modules into AC power to feed into the grid.

Basic Principles of Photovoltaic Module

Photovoltaic technologies differ primarily by the type of manufacturing process, which leads to
different ptice ranges, manufacturing cost and performance for the different technologies.
Photovoltaic technology is based on the photoelectric effect, in which the photons emitted by the
sun are converted to electric power by the semiconductor. The semiconductor is typically made of
silicon (80% of the global market).

These absorbed photons hit the atomns, teleasing electrons, which causes a chain reaction that
multiplies the effect of electrons released. The electrons are lifted fromn a lower potential to higher.
This increase in potential results in the generation of current through potential difference (voltage).

The reactions and release of electrons is continuous.

51 EMC Pakistan

Private Limited
23



Initial Environmental Examinadon (IEE) Study
50MW Solar PV Power Plant

2.7.3

The purity level of the conductor material is important as well as the fact that there are no gaps or
defects at the molecular and atomic level of the semiconductor material. As a rule, the lesser the

microscopic defects, the higher the efficiency of power conversion.

The efficiency of a solar cell {) is the percentage of power from solar energy, incident on the panel,
converted to electrical energy. This term is calculated using the ratio of the maximum power point
of the cell, PM, divided by the light power that reaches the cell, the global irradiance (E, in W/m?)
and the surface area of the solar cell (Ac in m?).

Py

T=Exa,

As this efficiency varies in different irradiance conditions, the PV industry defined certain
conditions for efficiency rating of PV panels. These are called Standard Test Conditions (STC).

Another important standardized vatiable is the Normal Operating Cell Temperature (NOCT) for
modules. This is a characteristic cell value defined as the temperature of the cells, which they reach
at an irradiance of 800 W/m? an ambient temperature of 20°C and a wind speed of 1 m/s —

typically given at open circuit.
Three main solar cell technologies are commercially available:
& ¥

e  Monocrystalline
» Polycrystalline
*  Thin Film

Monocrystalline Technology

The manufacturing process of monocrystalline cells requires more effort in comparison to other
technologies. However, these cells offer higher efficiency ~ typically within 15 — 20 %.

Advantages:

®  Theloss of efficiency due to the higher temperature is lower than for other types of ctystalline

module technologies.
e  Mature and commercially proven techaology.
* Long lifetime of panels.

* Low degradation of maximum 0.1 - 0.5 % per year (manufacturer guarantee is 0.7 %

degradation per year; however reality proves to be less).

e Lower installation costs -

¢ More environmentally friendly than other technologies, for example, some thin film
technologies use cadmium. Monocrystalline cells are not harmful to the environment.

Disadvantages:

»  The initial investment costs are higher

¢ Higher risk of damages (micro-cracks) during transport or during operation at sites with high

wind speeds.
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2.7.4

2.7.5

Polycrystalline Technology

This technology exists since 1981. The manufacturing process is simpler when compared with
monocrystalline technology.

Advaitages:

*  Lower production costs

Diradvantages:

* Lower efficiency, due to lower purity of the cell matetial: 13 — 16 % (module size)

®  Because of the lower efficiency, slightly more ground surface area is required to reach the

same capacity (as for monocrystalline).

*  Higher risk of damages (micro cracks) during transport or during operation at sites with high
wind speeds.

Thin Film Technology

This technology is called Thin Film because only a couple nanometers of the semiconductor
material is placed on a substrate material. Hence, a very low amount of material is needed. The

main semiconductor materials in use are:

* Amorphous Silicon {a-5i)

¢ Cadmium Telluride (CdTe)

*  Copper ltidium Gallium Selenium (CIS / CIGS)
*  Organic photovoltaic cells

Thin Film technologies have a low market share, except of the CdTe material, with the main
manufacturer First Solar. In addition, CIS / CIGS technologies ate having an increasing market,
because of their higher efficiency. Depending on the technology, standard thin film module
efficiencies have reached 7 - 15%. Prototypes of these technologies reach an efficiency of 16% and

motre which is expected to be transformed to standard products in the future.
Advantages:

¢  Hasier to manufacture, thus lower costs

*  Less affected by high temperatures and shadowing

Disadvantages:

»  Faster degradation rate of up to 0.7 % pet year. However, there are some hints that,

nowadays, CIS has degradation rates comparable to crystalline modules.

* Lower efficiency leads to greater surface area requivements, for the same capacity.

Table 2.8: Comparison of the Module Technologies

8. Crystalline Thin Film
No. Parameter Monocrystalline | Polycrystalline CdTe CIS/CIGS
i | voltagesatng— | gp0 gs0, 80% - 85% 72%-78% | 72%-78%
Vmp and Voc
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Table 2,8: Comparison of the Module Technologies
s. Crystalline Thin Film
No. Parameter | Monocrystalline | Polycrystalline § CdTe CIS/CIGS
9 Temperature Higher Losses Higher Losses | Lower Losses | Higher Losses
Coefficient {ca. 0.4 %/K) {ca. -0.45 %/K) | (ca. 0.2 %/K} | {ca. -0.35 %/K)
Performance
Losses for 40°C
ambient
temperature (~
60°C cell
2| emperature) | ~14 % ~ 15.75% ~ 7% ~12.25%
versus STC
conditions (25°C
cell temperature)
3 I-V curve Fill Higher 70% - Higher 70% - Lower 60% - | Higher 70% -
Factor 85% 85% 72% 85%
Framed with Framed with
4 Module stt’uc?‘ural ot stlu;‘ic;lrzl o Normally N ormally
Construction anodized anodize Frameless Frameless
i aluminum
aluminum
Module .
5 . 14% - 20% 12% - 17% 6% - 12% 13% - 15%
Efficiency
Livert High efficiency | High efficiency | Low High efficiency
nverter .
] Compatibility Less modules Less modules Efficiency Less modules
and Sizing Less inverters Less inverters | More modules | 1ess inverters
Mote inverters
Special clips . )
and structures Special clips
and structures
for frameless
for frameless
modules may tul
be needed to :;no " ZS Cllnay
Industry hold the lelzej edto
. hold the
Mounting Indus:try Standard Standard module.
7 Practices . . module.
System Practices Mounting :
Mounting
systemn has to system has to
be accepted by | be accepted by
module
module
manufacturer.
manufacturer.
May require up
to 50% more
Much smaller size | Smaller size for SP ace for .the Smaller size for
for the same the same gtven project | he same
8 Layout Area )
output output size, The extra | output
space can’t be
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Table 2.8: Comparison of the Module Technologies
S. Crystalline Thin Film
No. Parameter Monocrystalline ; Polycrystalline CdTe CI8/CIGS
’ standardized
and depends
on the design
(rows over
each other)
and the site
conditions.
On grid and off
grid usage.
— More usual as 2 On grid and off | On grid and On grid and off
9 Applications reference cell and : ; :
grid usage. off grid usage. | grid usage.
used for scientific
tests.
) Cost Higher
More expensive
than CdTe due
than ]
) to higher cell Cost Lower
polycrystalline ;
4 CdT. efficiency; due to lower Very expensive
10 PV Plant Cell A ¢ Production efficiency and | y4p fo now
Cost modules due to . - P
Lioh cell process easier double pane
s , which lowers | glass sheeting
efficiency X
the basic cost
Cost per kWp Cost per kKWp | Cost per kWp
liehtlv hiol slightly higher | slightly higher
sughtly ughet 2.15 as for as for
PV Plant for palycrystalline polycrystalline | polyerystalline
Module Unit modules, but Cost pet kWh | modules, but | modules, but
11 Cost comparable to the comparable comparable to | comparable to
P ] the cost per the cost per
cost per kWh due kWh due to kWh due to
to fewer losses fewer losses fewer losses
' Usua]ly lowest Highest cost I—Iighcst cost
Lower Costdue | cost {low m? due'tlo due.tlo
g} _ dl ) additional additional
to higher cost and less mr space and space and’
efficiency of the | needed because | mounting mounting
modules (less of the higher shuctures | structures
modules and less | cfficiency needed. Entire | needed. Entire
. cost depends | cost depends
PV Plant Total mountng compatred to on the market | on the market
12 Cost Structures). thin film situation situation
Entire cost modules). {module price) | (module price)
i and the and the
depends on the Entire cost concerned concerned
market situation | depends on the | country (n? country (m?
(module price) market cost) cost)
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2.7.6

2.7.7

Table 2.8: Comparison of the Module Technologies

S. Crystalline Thin Film
No. Parameter Monocrystalline | Polycrystalline CdTe CIS/CIGS
and the situation
concerned {module price)

country {m* cost) | and the
concerned
country {m?

cost)

Immediate and
stable; but zero | Requires time | Very good

shadow to stabilize weak light
shadow tolerance, | tolerance, high

high losses when | losses when

Irmimediate and

stable; but zero

power output; | performance

13 I\(.)/[odule Power high | Emperature even slightly {best results of
atur :
utput tel‘;ll?eladi 1<T, high hlgh and shadowed the
and irradiation UL ;
) ot lnad1at.10n output is technologies in
suboptimal suboptimal i )
feasible winter)
) Around 0.3% per | Around 0.3% Around 0.4% | Around 0.2%
14 | Degradation o
year pet yeat per year per year
Somze of the
providers of the
lycrystalline ; .
Matket polycysta Standard One big f)’;tﬂfoi?én?m
15 . modules also technology, | provider (Figst | O Providers,
Perspective ) ] new technology
offer many providers | Solax) (2009) S
ronocrystalline
modules

Saurce: Feasibility stwdy Kobat 50 MWp PV Project

Mounting Structures and Tracking System

The photovoltaic modules can be installed on fixed structures or on moving structures tracking

the sun. ‘Trackers can be implemented either as a single axis system or as a dual axis tracking system.

Fix Mounted Structure

Fixed structures are usually tilted to face south (north in southern hemisphere) with a fixed angle
depending on several parameters e.g. the location. Nowadays, more and more PV power plants are
installed with modules tiited to east and west vsually with tilt angles between 10° to 15° This
installation type would offer lower peak capacity. However, the generation curve would be less
spiked and allow an energy generation distribution to be mote sptead out over the day. The row
shading of these installations is less, such that the rows can be installed closer to each other and
more modules can be installed on the same area as it is possible with modules facing south.
Depending on the construction, the installation costs of east-west installations are often lower than

south oriented systems.

i
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Figure 2.9: Fix Mounted Structure facing South or North
Sonrce: Feasibifity sindy Kobat 50 MWp P17 Project

Figuse 2.10: Fix Mounted Structute facing Fast and West
Sowrce: Feasibility study Kobat 50 MWp P17 Project

2.7.8 Tracker Systems

The aim of trackers is an optimized adjustment of the module sutface to the sun duting the day to
increase the total irradiation onto the module surface. This can also lead to greater efficiency in

converting solar energy. Commonly used tracking systems are single and dual-axis trackers.

Dual-axis trackers follow the sun in azimuth and tilt. With it, the sun can be exactly tracked over
the course of the day to achieve an optimized irradiation angle. Dual-axis trackers have one pole
which is carrying and tracking a frame with modules mounted on, Usually, between 20 and 30

modules are installed on one tracker. The installed module capacity on the plant has to be lower
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than with fixed mounted structures to avoid overwhelining shading losses (15-25 Wp/m? instead

of 50-75 Wp/m?). Dual-axis trackers ate almost independent of the landscape.

The transpositon factor for a two-axis tracker for the location is 1.35 and therefore 132% of that

of the fixed plane’s optitnum.

Figure 2.11: Dual Axis Tracker
Sowrce: Feasibilbity stwdy Kobat 50 MU7p P17 Project

Single-axis trackers usually follow the azimuth of the sun. Several construction types exist. One is
similar to dual-axis trackers with one pole carrying a module frame (vertical axis system). In that
case, the module tilt is fixed and the pole is used as rotation axis. The tilt depends on the location.
For the location Haasil Village (33.202 N; 72.547 E) the optimal installation has a tilt in between
45° up to 50° (based on SolarGIS and Meteonorm irradiation data).

Because the single-axis tracker, as described above, needs similar space as dual-axis trackers,
nowadays another type of single-axis tracker is in use, This otie has a hotizontal rotation axis
oriented from south to north or from east to west. The modules are installed parallel to the rotation
axis. Depending on the way of installation and length of horizontal axis the requirements to the’
flatness of the area can be higher, because the horizontal axis itself is not able to compensate
irregularities. The single-axis tracker with the east-west axis has a transposition factor of around
1.09, whereas the tracker with north-south axis has a transposition factor of 1.29 or 126% of that

of the fixed plane’s optimum,
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Figure 2.12: Single Axis Tracker, Vertical Axis

Sowice: Feasibifiry study Kohat 50 M Wy PV Project

Figure 2.13: Single Axis Tracker, Horizontal Axis
Sowrcs: Feasibility study Kohat 50 MWp PV Projest

The decision to choose any of the three types of mounting structure is based on a technical and
economical evaluation. When choosing a tracking system, the extra energy generation in
combination with the energy price must be compared with the additional investment and

maintenance costs required for tracking systems.

In general, tracker solutions gather more irradiation per installed module capacity than fixed
mounted modules, The peak of the production curve is wider dunng the day compared to fixed
mournted modules. However, the instailation effort is higher for tracker solutions based on their

design. More attention has to be laid into the resistance against heavy storms.

m
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Table 2.9: Compatrison of the Mounting Systems
. . Horizontal Single .
S dp | Fied/Tiked Axis Tracker | V1% | Dual Axis
No. ~ | South East- East- | Noxrth- Tfacker Tracker
Faced west west South
Higher costs than
¥ fixed-tilted. High
: differences between | Higher costs )
Lower than for : o The highest
1 System acker soluti the manufacturers. - than
: Costs fracker solutions, as ) ) costs of all
oS no mechanical parts | Higher costs than horizontal :
: systems
fixed-tilted. High tracker. e
differences between
the manufacturers.
Lower than for Higher costs than the
tracker solutions, as | fixed tilted system,
less complex system, | DUt .10\)17&1‘ tl;{an the
. . rertical € . L .
5 Installation | But the difference ) ell ° Ara‘c ° , Commission | Comumnission |-
Costs regarding the total nghm: costs than the | ing Phase ing Phase
. ) . frxed tilted system, - ’
installaton cost is
.. but lower than the
mimmal cormpared .
) vertical tracker.
to the horizontal
tracker
Depends on the
selected manufacturer Hiol '
Hligher costs fher
. Lower than for (options without & Higher costs
3 Maintenanc acker soluti hanical bar based on the | based on the
. e Costs tracker so L}UOHS, as me? hanical parts | mechanical | | me chanical
no mechanical parts | available), but cost parts
- arts i
higher than fixed- P
tilted L
Transpositl : . }
4 11.03 0.994 1.09 - 1.29 1.31 1.35
on Factor
Fixed tilt for | Motorized
Maximum . . o .
HAXIL site 45° - tile 00-80°
Pivoting 10° to 50 10 20° -120%t0 (-120° 1o o . .
5 Angle 3509 : 0 120° 120° 50°, vertical | and vertical
Range , axis -180 to [ axis -180° to
180° 180°
Ground
might be
uneven G_ d G’IOUlld
: TOUL ;
. System is adaptable | Ground | With , might be
Site . slopes up | might be uneven but
6 Requireme | 10 uneven ground mught be 28° sites with
. 1o 267 uneven but .
nts and high slopes, uneven . ) higher
. ‘The sites with 1
Standard system up | with , slopes are
system higher not suitable
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2.7.9

Table 2.9;: Comparison of the Mounting Systems
' . . Horizontal Single .
S. Parameter | Fixed/Tilted Axis Tracker Si:e;:i:is Dual Axis
No. { © " South East- East- North- gk ! Tracker
Tracker
Faced west west South
to 35°(North/South) | slopes up | makes slopes are ;mthout
. Nk
and 10°(East/West) | to 28° just sense | not suitable ;fl'i%ite)‘ :
if the site | without
is not huge extra
facing effort
South.
No row
shading,
so the Installatio
Several | rows can |1 of rows | Installatio
be over each | n of rows | The distance
fows can . other is over each | between the
installed —
be near (o limited, other is trackers i The distance
installed but space | limited, must be between the
Space over each requireme but space | high. Space | trackers
7 Requireme other. LEqUILEME | pooidia o must be
nt each Best atnot nt not . q, high. Space
other. CS tmuch much is high requirement
g p ace space highe]_' higher iS h.lgh
k requireme than
requirem | than fixed-
ent low, fixed- tilted _
tilted
Space
8 Factor 50-75 |60-90 (40-65 45-55 {15-25 15~25
(Wp/m?)
Sonrce: Deasibility stwdy Kobat 50 MW P17 Project

Inverter Technology

Because photovoltaic panels generate DC electricity, it must be converted to alternating current

hefore it can be fed into the grid. An electronic device called inverter achieves this.

State of the art inverters offer a broad range of operational stages, which generally fulfill all the
requirements of the international grid codes in terms of fault-ride-through and reactive power
provision. Inverter stations provide a protective shell in which PV-strings can be connected to
inverters. Centralized inverters typically have a capacity from 500 kWp to 1.5 MWp of DC PV-

Power, depending on the size of inverter.

From the inverter stations the AC power is stepped-up by a MV ot HV-Transformer, and then
connected to a medium or high voltage grid (for instance 132 kV and 220 kV as in Pakistan).

Regarding the inverter system, two design types can be selected: 2 central or ¢ decentralized design.
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2.7.10

2.7.11

2.7.12

Central Inverter

Use of central inverters is the standard practice in large PV plants. The strings are combined in
string combiner boxes and several combiner boxes are connected to an inverter. Typically, the
output power of central inverters is between 500 kW and 1.5 MWp. The inverter can be installed
in a compact station, in a container or as an outdoos system depending on the space for installation

and the transport opportunities.

Typically, central inverters have a better ptice per MW and have less start-up and operation
problems. However, they require a specific training of the electricians for the commissioning

procedure and m case of failures.

The efficiency is around 1 - 2% higher than of string inverters.

String (decentralized) Inverter

String inverters are commonly used in small stzed PV plants but there is also a trend to use them
in large-scale PV plants, The strings are connected directly to inverters, which are typically up to
50 kW,

String inverters can be installed and exchanged by basic educated electricians and spare parts can
be stored near the side. The inverters are easy to transport and handle. In complex terrain, with a
lot of shading, the benefit is lesser module strings and therefore fewer modules are combined per
inverter. Therefore, in case of partial shading of the PV generator, the mismatch losses are Jess

because fewer modules are affected.

Control System

A PV plant is typically controlled by a SCADA System (Supervisory Control and Data Acquisition)
and can remotely be managed and supervised. However, for preventive, planned and corrective
maintenance, adequate staff and qualified contractors must be identified for the Operations &
Maintenance (O&M) of the plant.
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Chapter 3. Legislative Framework

3.1

3.2

3.2.1

Introduction

This chapter highlights the applicable laws, regulations and guidelines with regards to the
environmental and social considerations in cennection to the proposed project. Provisions of many
of the guidelines have bden incorporated in the mitigation measures and the Environmental
Management Plan (EMP), which has been formulated for the better management of environmental

and social impacts.

Key legislations governing the curtent IEE study include the Khyber Pakhtunkhwa Environmental
Protection Act, 2014, Khyber Pakhtunkhwa Local Government Act, 2013, National
Environmental Quality Standards (NEQS) of 2000 and 2010, and policies and laws on

conservation of nature as outlined below:;
s  National Conservation Strategy, 1992

®  Biodiversity Action Plan, 2000

s  Nationzl Environmental Action Plan, 2001

e  National Environment Policy, 2005
National Environmental Policies and Guidelines

National Conservation Strategy, 1992

The National Conservation Strategy (NCS) is the primary policy document of the Government of
Palistan (GoP) on national environmental issues. The Federal Cabinet approved the policy in
March 1992. The Strategy also attained recognition by the international denor agencies, principally
the World Bank. The NCS identifies 14 core areas including conservation of biodiversity, pollution
prevention and abatement, soil and water conservation and preservation of cultural heritage and
recommends immediate attention to these core areas in order to preserve the country’s

environment.

A mid-term review of the achievements of the NCS in 2000 concluded that achievements under
the NCS have been primarily awareness raising and institutional building rather than actual
improvement to environment and natural resources and that the NCS was not designed and is not

adequately focused as a national sustainable strategy (GoP, November 2000). The need therefore

arose for a2 more focused National Environmental Action Plan (NEAP) requited to bring about

actual improvements in the state of the national environment with greater emphasis on poverty

reduction and economic development in addition to environmental sustainability.

The National Environmental Action Plan was approved by the Pakistan Environmental Protection
Council under the chairmanship of the President/Chief Executive of Pakistan in February 2001.
NEAP also constitutes the national environmental agenda and its core objective is to inttiate
actions that safeguard public health, promote sustainable livelihoods, and enhance the quality of

life of the people of Pakistan.
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3.2.2

‘The Government of Pakistan and United Nations Development Program (UNDP) have jointly

initiated an wmbrella support program called the National Environmental Action Plan-Support

Program signed in October 2001 and implemented in 2002. The development objective supported

by NEAP-SP is environmental sustainability and poverty reduction in the context of economic

growth. The objective of new policy has total 171 guidelines on sectoral and cross-sectoral issues.

" The objectives of new policy include assurance of sustainable development and safeguard of natural

wealth of country. The following are the approved sectoral guidelines:

Water Supply and Management.

Ady Quality and Noise.

Waste Management.

Forestry.

Biodiversity and Protected Areas.
Climate Change and Ozone Depleton.
Energy Efficiency and Renewable.
Agriculture and Livestock,

Multilateral Environmental Agreements.

Mid-term Review of NCS: Key Findings

An overview of the key environmental issues facing Palistan is as follows:

Per capita water availability in Pakistan has been decreasing at an alarming rate. In 1951, the
per capita availability was 5,300 m? which has now decreased to 1,105 m? just touching water
scarcity level of 1,000 m3.

Almost all fresh water resources are severely polluted due to discharge of untreated industrial
and municipal wastes. Pollution of coastal waters due to waste discharges and oil spills coupled

with reduced freshwater flows is resulting in declining fish yields.

About 55% of population has access to a relatively safe drinking water source. Potable water
quality, assessed against WHO standards, fails to meet all the specified criteria, confirming

evidence of extremely high pollutant loads.
Approximately 35% of population has access to adequate sanitation facilities.

Air pollution is on the ise, especially in urban areas. Recent surveys conducted by Pakistan
Environmental Protection Agency revealed presence of very high levels of suspended
particulate matter {about 6 times higher than the World Health Organization's guidelines).

"Smiog' also seriously affects almost entite Punjab during December and January every year.
Noise pollution has become a serious issue in major utban centers.

Of about 54,850 tons of solid waste generated daily in urban areas, less than 60 per cent is
collected. No city in Pakistan has proper waste collection and disposal system for municipal,

hazardous or healthcare wastes.
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3.2.3

o The deforestation rate has been estimated at 0.2-0.5 percent per 2nnum. Fotest cover, which
was 4.8 percent of total land area in 1992, could hardly be increased substantially despite ali

efforts.

¢ Degradation and encroachment of natural forests, rangelands and freshwater and marine
ecosystems are resulting in loss of biodiversity. At least four mammal species, including tiger,
swamp deer, lion and Indian one homed rhinoceros, are known to have become extinct from
Pakistan while atleast 10 ecosystems of particular value for the species richness and unigueness

of their floral and faunal communities are considered to be critically threatened.
*  Desertification affects over 43 million hectares of land annually.

» Pakistan is a highly energy inefficient country. It uses approximately same amount of enetgy
to generate 1 dollar of GNP as the USA.

The situation just mentioned is the result of a number of constraining factors including high
population growth rate, prevailing poverty, unplanned uthan and industrial expansion, insufficient
emphasis on environmental protection in the government policies, lack of public awareness and
education and above all the ailing economy which has caused deficiencies in institutional capacity

and resources for effective environmental management.

The midterm review of the NCS led the Government of Pakistan (GOP) and United Nations
Development Program (UNDP) to jointly initiate an umbrella support program called the National
Environmental Action Plan-Support Program (NLAP-5P) that was signed in October 2001 and
implemented in 2002. The developtment objective suppeorted by NEAP-SP is environmental
sustainability and poverty reduction in the context of economic growth, The primary objective of
NEAP is to initiate actions and programs for achieving a state of environment that safeguards
public health, promotes sustainable livelihood, and enhances the quality of life of the people in
Pakistan. The NEAP identifies four primary areas, (1) Clean air (2) Clean water (3) Management
of solid waste {4) Bcosystem management. The plan also presents five additional areas of concern
() Management of fresh water resoutces {it) Marine pollution (iify Toxic and hazardous substances
handling and disposal {iv) Energy conservation and management (v) Compliance with international

treaties and protocol.

Pakistan Biodiversity Action Plan, 2000

Pakistan signed the Convention on Biological Diversity in 1992 and it lead the government of
Pakistan to consutute a Biodiversity Working Group, under the auspices of the Ministry of
Environment, to develop a Biodiversity Action Plan for the country, which was completed after
an extensive consultative exercise in 2000, The plan has been designed to complement the NCS.
The proposed provincial conservation strategies identify the causes of biodiversity loss in Pakistan
and suggest a series of proposals for action to conserve biodiversity in the country and Pakistan
Environmental Protection Council (PEPC) approved the action plan. The steeting committees

were formed at the federal and provincial levels to implement the plan.
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3.2.4

3.3

3.3.1

3.3.2

National Environmental Policy, 2005

The National Environmental Policy provides an overreaching framework for addressing the
environmental issues facing Pakistan, particularly poliution of frésh water bodies and coastal
waters, air pollution of fresh water bodies and coastal waters, air pollution, lack of proper waste
management, deforestation, and loss of biodiversity, desertification, natural disasters and climatic

change.

It also gives direction for addressing the cross sectional issues as well as the underlying causes of

environmental degradation and meeting intetnational obligations.

'The National Environmental Policy, while recognizing the goals and objectives of the National
Conservation Strategy, National Environmental Action Plan and other existing environment
telated national policies, strategies and action plans, provide broad guidelines to the Federal
Government, Provincial Governments, Federally Administrated, Territories and Local
Governments for addressing environmental concems and ensuting effective management for their

environmental resources.

The National Environmental Policy aims to protect, conserve and restore Pakistan’s environment

in order to improve the quality of life of the citizens through sustainable development.
National and Provincial Legislations

Environmental Protection Ordinance and Act

Pakistan had its first environmental protection ordinance issued in 1983 {ordinance XXXVII). In
the year 1997, a more comprehensive environmental protection act was passed by National
Assernbly and Senate which was shortly approved by the president of Pakistan repealing the
ordinance of 1983. The Act was named as the Pakistan Environmental Protection Act, 1997. The
Act had been the principal environmental legislation for control of air, water, noise and other forms
of pollution from different activities. The act is no longer valid to provinces after the 18t

Amendment.

Pakistan Environmental Protection Agency {Review of IEE and EIA} Regulations,
2000

These regulations were prepared by PEPA. These regulations divide projects in different Schedules
depending upon the severity of environmental impact of the project. The project would fall in
Schedule 1, if the project has lower enviromnental impacts and thus requiring an IEE. And, the
project would fall in Schedule I, if the project has significant environmental impacts and thus
requiring an EIA. But, all projects located in environmentally sensitive areas would requife an BEIA
(Schedule 11, i), | .

The project “50 MW Solar Power Plant in Kohat”, falls in Schedule I requiring an IEE as the

project is categorized as:
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¢ [ Other Projects

o Any other project_for which filing of an IEE is reguired by the Federal Agency under sub-regulation (2) of

Regulation 5
These regulations are attached in Annex - IL
The EIA/ IEE report submission and approval procedure is summartzed below:

¢ Ten hardcopies of the EIA/ IEE and two soft copies will be submitted together with a review
fee and form included as (Schedule IV of the EIA/ IEE Regulations (section 8).

*  The EPA will conduct a preliminary scrutiny and reply within 10 days of the submitial of the
report a) confirming completeness, or by asking for additioral information, if needed, or ¢) .

returning the report requiring additional studies, if necessary (section 9).

* In case of an EIA; if accepted, the EPA will set a date for public hearing and publish a notice
in the print media. According to law, 2 minimum of 30 day notice is required for the public

hearing (section 10),

¢ The EPA will review the EIA/IEE report and reply within (45 days in case of IEE and 90
days in case of EIA) of the submission of the ITEE/EIA report. The agency tmay require

additional information if it deems necessaty (section 11).

¢ The approval granted at the end of the review process, is valid for three vears to start

construction (section 17}

* The agency keeps the rights of entry & inspection, monitoring and even cancellation of the

project (section 18).

*  Once the project construction is complete, the proponent is required to submit a request to
EPA for confirmation of compliance. An environmental management plan for the operation

phase is to accompany the request (section 19).

o The EPA is required to communicate its decision within 15 days of receipt of the request. The
project can commence operation only after it has received approval from the EPA (section

18" Amendment in Constitution of Pakistan

Prior to the 18th Amendment to the Constitution of Pakistan in 2010, the legislative powers were
distributed between the federal and provincial governments through two 'lists' attached to the
Constitution as -Schedules. The ‘Federal list' coverted the subjects over which the federal
government had exclusive legislative power, while the 'Concurrent List' contained subjects
regarding which both the federal and provincial governments could enact laws. The subject of
‘environmental pollution and ecology' was included in the Concurrent List and hence allowed both
the national and provincial governments to ehact laws on the subject. However, as a result of the
18th Amendment this subject is now in the exclusive dommain of the provincial government. As a
result, the Ministry of Environment at the federal level was abolished on 30th June 2011. Its

functions related to the national environmental management have been transferred to the
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provinces, The mintstry of climate change will manage the international obligadons in the context

of environment.

As a result, the Pakistan Environmental Protection Act, 1997 15 no longer applicable te provinces

and provinces now need to enact their own environmental protection acts at provincial level.

Khyber Pakhtunkhwa Environmental Protection Act, 2014
The applicable sections of this Act to this project are:

Section 11(1): Subject to the provisions of this Act, rules, notifications and guidelines made -
thereunder, 1) no person shall discharge or emit or allow the discharge or emission of any effluent
or wastes or air pollutant or noise, load, concentration or level which is in excess of the Khyber
Pakhtunkhwa Environmental Quality Standards or, where applicabie, the standards established
under sub clause (vii) and {viii) of sub-section (1) of section 6; if) no person shall discharge effluents,
emissions or wastes in excess of Joad permitted in the conditions of environment permit or

environmental approval or license.

Section 13(1): No proponent of a project shall commence construction and operation unless he

_has filed with the Agency an initial environmental examination or where the project is likely to

cause an adverse environmental effect, an environmental impact assessment, and has obtained

from the Agency, environmental approval in respect thereof,

The IEE of the proposed Project will be submitted to the Khyber Pakhtunkhwa Environmental
Protection Agency (KPIK-EPA) for approval and only after the issnance of NOC will the

construction activity be commenced.

Section 14: Subject to the provisions of this Act, No person shall carry, import, bring, transport
or deliver hazardous waste or cause to carry, import, bring, transport or delivery of hazardous waste

into the territorial jutisdiction of the Province of the Khyber Pakhtunkhwa.

Section 15: Subject to the provisions of this Act, no person shall generate, collect, consign,
transport, treat, dispose of, store, handle, deal in and use or import any hazardous substance except-
- (2) under a licence issued by the Agency and in such manner as may be prescribed; or (b) in
accordance with the provisions of any other law for the time being in force, or of any International
Treaty, Convention, Protocol, Code, Standard, Agreement or other instrument to which Pakistan

or the Province of the Khyber Pakhtunklwa is 2 party.

Section 16(1): Subject to the provisions of this Act, and the rules, notification and guidelines madé
thereunder, no person shall operate a motor vehicle from which air pollutants or noise are being
emitted in an amount, concentration or level which is in excess of the Khybér Pakhtunkhwa
Environmental Quality Standards or where applicable the standards established under clauses {vii)

and (viti) of sub-section (1) of section 6.

Section 17(1): Where the AgenC)r is satisfied that the discharge or emission of any effluent, waste,
air pollutant or noise, or the disposal of waste, or the handling of hazardous substances, or any
other act or omission is likely to‘occur, ot is occurring, or has occurred, in violation of the
provisions of this Act, rules, notifications and guidelines or of the conditions of 2 licence or permit

or environmental approval , and is likely to cause, or is causing or has caused an adverse
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environmental effect and violation of Khyber Pakhtunkhwa Environmental Quality Standards, the
Agency may, after giving the person responsible for such discharge, emission, disposal, handiing,
act or omission, an opportunity of being heard, by order direct such person to take such measures

that the Agency may considesr necessary within such period as may be specified in the order.

Section 18(1): Whoever contravenes or fails to comply with the provisions of sections 11, 13, 14,
15 and 16 or any order passed issued thereunder, shall be punishable with 2 minifum fine of fifty
thousand rupees which may extend to five million rupees, and in the case of a continuing
contravention of failure, with a compulsory additional fine which may extend to one hundred

thousand rupees for every day during which such contravention or failure continues.

Section 19: Where any contravention of this Act has been comunitted by a body corporate, and it
is proved that such offence has been committed with the consent or connivance of, or is attributed
to any negligence on the part of, any director, partner, manager, secretary or other officer of the
body corporate, such director, partner, manager, sectetary or other officer of the body corporate,
shall be deemed guilty of such contravention along with the body corporate and shall be punished

accordingly.

The act has been attached as Annex — 1.

National Environmental Quality Standards (NEQS)

The NEQS were first promulgated in 1993 and were last revised in 2000 and in 2010. They
comprise the basic guidelines for liquid effluent and gaseous emissions of municipal and industrial
origin to comply with. These standards present the maximum allowable concentration for liquid
effluent before its discharge into sea, inland water & sewage (total 32 parameters to cotnply with)
and gaseous emissions in the ambient air from industrial sources (total 16 parameters to comply

with}, ’

During the construction and opetation phase of the project NEQS will apply to all effluents and
emissions. NEQS for municipal and industrial effluents, selected gaseous pollutants from industrial
sources, motor vehicle exhaust and noise, ambient air quality & ambient noise and drinking water

quality have heen provided in the teport as Aonex-TII

A chronology of NEQS is given below:

Table 3.1: Chronology of national environmental quality standards

Year - SR.O.
] Scope
Published Number
' Liquid Industrial Effluent Industrial Gaseous Emission Vehicle
1993 742 (1)/1993 ,
Exhaust and Noise
Industrial Gaseous Emission from Power Plants operating on
1995 1023 (1}/1995 )
coal and oil (added)
Liquid Industrial Effluents (amended), Industrial Gaseous
2000 549 (1)/2000 o ' .
Eimission (amended)
2010 1062 (1)/2010 | Ambient Air
2010 1063 (I)/2010 | Drinking Water Quality
EMC Pakistan
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Table 3.1: Chronology of national environmental quality standards
Year S.R.O,
o Scope
Published Number
2010 1064 (1)/2010 | Noise

In 2000, Pakistan EPA revised the national standards for liquid effluents and gaseous emissions

with full consultation of the private sector, industrialists, trade and business associations and

NGOs.

1. NEQS for Liquid Industrial Effluents

The municipal and liquid industrial effluent standards cover 32 parameters. The standards cover

discharges limits of effluents into inland water, sewage treatment plant and the sea. The NEQS are

peimarily concentration based.

Table 3.2: National envitonmental quality standards for Municipal and liquid
industrial effluents SRO 549(1}2000 (mg/I, Unless otherwise defined)

Revised
S. P . Existing Standards Into Sewage | Into
No arameter Standards | Into Inland | Treatment ® | Sea
. Waters
; | Temperature or 40 °C <3°C <300 = 3
Temperature Increase C
2 | *pH value (HY 6-10 6-9 6-9 6-9
Biochemical Oxygen Demand ok
3 (BOD); at 20 °C 80 80 250 80
Chemical Oxygen Demand
4 (COD) 0 150 150 400 400
Total Suspended Solids
5 (1SS) 150 200 400 200
Total Dissolved Solids
6 (IDS) 3500 3500 3500 3500
7 | Oil and Grease 10 10 10 10
3 Phenolic compounds 0.1 0.1 0.3 0.3
{as phenol)
9 | Chicride (as Cl) 1000 1000 1000 SCH**
10 { Fluoside (as F-) 20 10 10 10
11 1 Cyanide {as CN) total 2 1.0 1.0 1.0
An-ionic detergents ‘
12 (as MBAS) & 20 20 : 20 20
13 | Sulphate (80.42) 600 600 1000 Sk
14 | Sulphide (§2) 1.0 1.0 1.0 1.0
15 | Ammonia (NH3) 40 40 40 40
16 | Pesticides @ 0.15 0.15 0.15 (.15
17 | Cadmium &) 0.1 0.1 0.1 0.1
18 Chromium (trivalent and 1.0 10 1.0 1.0
hexavalent @
19 § Copper & 1.0 1.0 1.0 1.0
20 | Lead & 0.5 0.5 0.5 0.5
21 | Mercury & 0.01 0.01 0.01 0.01
22 | Selenium ) 0.5 0.5 0.5 0.5
23 | Nickel ® 1.0 1.0 1.0 1.0
24 | Silver & 1.0 1.0 1.0 1.0
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Table 3.2: National environmental quality standards for Municipal and liquid
industrial effluents SRO 549(1}2000 (mg/1, Unless otherwise defined)

Revised
s, Parameter Existing Standards Into Sewage | Into
No Standards Into Inland | Treatment &) Sea
Waters
25 | Total toxic metals 2.0 - 2.0 20 2.0
26 | Zinc 5.0 ) 5.0 5.0 5.0
27 1 Arsenic ¥ 1.0 1.0 1.0 1.0
28 | Barium @ . 1.5 1.5 1.5 1.5
29 | Iron 2.0 3.0 8.0 8.0
30 : Manganese 1.5 1.5 1.5 1.5
31 | Boron ® 6.0 6.0 6.0 6.0
32 | Chlorine 1.0 1.0 1.0 1.0

L. Assupring nainimun ditation 1:10 on discharge, fower ratio would attract progreisively stringent
standards to be determined by the Federal Environmental Protection Agengy. By 1:10 diluiion means,
Jor excample'that for each one cubic meter of treated effluent, the vecipient water body showld fave 10
cubic meter of water for dilution of this effinent
. Mothylene Biwe Active Substances; astuniing sutfaciant as bz'adegmdab/e
. Pestivider include berbicides, fungicides, and insecticides
. Setlject to total toxcic metals discharge shanld not exceed level given at 5. N. 25
- Applicable only when and where sewage treatment is. operational and BODs=80msa/ I ir achicved by ihe
sewage ireatinent Systery
6. Provided dircharge is nof at shore and not within 10 wiles of meangrove or other inmporian! estuaries.
* The gffluent showld 1ot vesult in femperatire increase of move than 30C af the edge of the sune where
initial mixang and dilulion lake place in the receiving body. In case some is not defined, use 100 meters
Jom the point of discharge
*¥The value for industry is 200 mg/1
*¥*Discharge concentration ai or below rea conceretration (SC)
Note:
1o Dilution of liguid efffuents to bring thens to the NIEQS fmiting values is not permicsible through
Jresh water mixing with the effiuent before discharging into the envivonment,
2: The concentration of pollutants in water being wsed widl be subtracied from the efffuent for caleulating
the NIFOS fimits”

Lh s Lo R

2. NWEQS for Gaseous Industtial Emissions

For industrial gaseous emissions, 16 parameters have been defined.

Table 3.3: National environmental quality standards for industrial gaseous emissions
SRO 549(1)2000
Concentrations in mg/Nm3 unless otherwise defined
NS:;_ Parameter Source of Emission . SItE:(tllilt:tlgs , Slt:lv(;:‘:'gs
Smoke opacity 40% o1 2
1 Smoke not to exceed Ringle%'nann Scale
40% or 2 or equivalent
Ringlemann Scale | smoke number
(a) Boilers and Furnaces
() Oil fired 300 300
Particulate | (1) Coal fired - 500 500
2. matter (iif) Cement Kilns 200 300
1) (b) Grinding, crushing,
Clinket coolers and Related 500 500
processes, Metallurgical
EMC Pakistan
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Table 3.3: National envitonmental quality standards for industrial gaseons emissions

SRO 54912000
Concentrations in mg,/Nm?unless otherwise defined
8. Parameter Source of Emission Existing Revised
No. Standards Standards
Processes, converter, blast
furnaces and cupolas.
3, 2131 ldoilfi’(%:“ Any 400 400
4. Chlorine Anay 150 150
5, iﬁiﬁsn Any 150 150
Hydrogen
6. Slflphiﬁc Any 10 10
Sulfuric acid/Sulphonic acid
) plants
7. %Jig;:l@m Other plants except power
) Plants operating on oil and 400 1700
coal
8. ﬁgl;g; G | Ay ' 800 800
9, Lead Any 50 50
10. | Mercury Any 10 10
11. 1 Cadmium Any 20 20
12, | Arsenic Any 20 20
13, | Copper Any 50 50
14. | Antimony Any 20 - 120
15. | Zinc Any 200 200
N1ltnc acid manufacturing 400 3000
unit.
Oxides of Other plants except power
16 Nitrogen plants operating on oil or -
' coal:
&) Gas fired 400 400
Oil fired - 600
Coal fired - 1200
Explanations: -

1. Based o the assampiion that the size of the particulate is 10 niieron or more,

2. Based ont 1 pervent Sulpbur content in_fiel 0il. Higher content of Sulpbur will cave standards to be pro-
rated, ) o

3. In respect of emivsions of Swipbar dioside and Nitrogen oxides, the power plants operating on oil and coal as
Jiel shall in addition to National Environmenial Quality Standards (NEQS) specified above, comply with the
Jollowing siandards: - ‘

A. Sulphur Dioxide

Sulphur Dioxide Background levels Micro-gram per cubic meter {(ug/m?) Standards.

Max Criterion I Max Criterion I Max.
Background Air ) .. 1 Allowable ground level
. Annual 24- S0:; Emission . .
Quality (SO: A increment to ambient
. verage | hours {(Tons/Day
Basis) (ug/m?3)
Interval /Plant)
(One year avg)
Unpolluted <50 <200 500 50
Moderately
Polluted*
| EMC Pakistan
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Low 50 200 500 50
High 100 400G 100 7 10
Very Polluted** =100 >400 100 10

* For intermediate values between 50 and 100 pg/ m3 finear interpolations shosid be nsed

** INo projects diescide emissions will be recommended

B. Nitrogen Ouxide

Ambient air concentrations of Nitrogen oxides, expressed as NOs should not be exceed the
following:

Annual Arithmetic Mean: 100 pg/m? {0.05 ppim)

Emissions level for stationary sousce discharge before missing with the atmosphere, should be
maintained as follows:

For fuel fired steam generators as Nanogram (10¥-gram) per joule of heat input:

Liquid fossil fuel - . - 130
Solid fossil fuel . - 300
Lignite fossil fuel . 260

Note:- Dituiion of gaseous emissions lo bring them to the NEQS szztmg W!ﬁe ir wot permissible through
exess air mising blowing before emitting into the environment,

3. NEQS for Noise

In 2010, Pak EPA established the National Environmental Quality Standards for noise [S.R.O.
1064(1)/2010]. The standards define noise levels based on four different spatial zones and two

temporal settings.

Table 3.4: National Environmental Quality Standards for Noise 2010

S. No Category of Area / Effective from 1% July, | Effective from 1 July,
T Zone 2010 2012
Limits it in dB (A) Leg* _ _
Day Time | Night Time | Day Time | Night Time
1 Residential area {A) 65 50 55 45
2 Commercial area (B) 70 60 65 55
3 Industrial area {C) 80 75 75 63
4 Silence Zone (D) 55 45 50 45
Noter

1: Day tirue bours: 6:00 anr to 10:00 pan

2: Night tinse bours: 10:00 par to 6:00 am

3: Silence cone; Zower which are declared as such by a competent authority. An area comprising not
dess than 100 weters around haspitals, edueational institutions and vosris,

4 Mised catepories of areas may be declared ar one of the four abeve-mentioned categories by 2he
cornpetent authority.

*dB (A) Leg: Tine weighied average of the level of sound in decibels on seale A wbtc‘b i m!atab!e
to heuman hearing,

4. NEQS for Ambient Air

The Mintstry of Environment, Government of Pakistan in 2010, under S.R.O. 1062 {1)/2010
established standards which provide the maximum allowable limits, in the ambient air, of Sulphur
Dioxide (SO;), Oxides of Nitrogen as (NOx) and as (NO), Suspended Particulate Matter~(SPM),
Reparable Particulate Matter—PMyy, Repairable Particulate Matter—PMa2s, Lead and Catbon
Monexide (CO).
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Table 3.5, National Ambient Air Quality Standards (2010)

Concentration in Ambient
Time— Air

Pollutants Weighted | Effective | - Effective Method of Measurement
Average | from 1st July from 1st

: 2010 January 2013

Annual
ioxi 3 3
Sulfu(rsgl)omde Average* 80 pg/m 80 pg/m Ultraviolet Fluorescence
" 24 hours®™ | 120 pug/m? 120 pg/m?
Oxides of Anpual 40 pg/m? 40 ug/m3 | Gas Phase
Nitr NC Average” Chemiluminescence
1ogen as ) 24 hours™ | 40 po/m3 40 ug/md )
QOxides of Annual g 40 pug/m3 40 pg/md Gas Phase
Nitrogen as (NCg) Averape’ Chemiluminescence
Bel *1 24 hours*™ | BO pg/md 80 pg/m?
- Ozone (O3) 1 hour 180 pg/m® | 130 pg/m?d Nonaﬁisscﬁifégj A
Suspended Annual High Volume Sampling,

3 5
Particulate Matter | Average® 400 pg/m 360 pg/m (Average flow rate not less
(SPM) 24 hours™ | 550 pg/m® | 500 pg/m? than 1.1m3 /minute).

Reparable Annual 5
: 2 3 .
Particulate Average™® 200 pg/m 120 p.g_/m BRay absorption
Matter. PMq 24 hours** 250 pe/m? 150 pg/m?
A 1 '

Reparable Avlzi‘l;:e* 25 pg/md 15 pg/m?

Particulate - T 7 BRay absorption
Mattes, PMays 24 hours 40 ug/m 35 pe/m

25 pug/m? 15 pg/m?

Annual ASS Method after samplin,
Lead (Pb) Average* 1.5 pg/m? 1.0 pg/rm? using EPM 2000 of ®
24 hours™* | 2.0 pg/m? 1.5 pg/m? equivalent Filter paper
Carbon 8 hour 5 pg/m? 5 pg/md Non Dispersive Infra-Red
Monoxide(CO) 1 hour 10 pg/m? 10 ug/m? (NDIR)

¥ Annual arithmetic mean of mininim 104 measurements in a yoar laken twice a week 24 hourly at uniform
interval.

*¥24 bourty /8 hourly vadues shoutd be et 98% of the in a year. 2% of the time, it may exceed but not on two
consecHiive days. '

3.3.6 Khyber Pakhtunkhwa Local Government Act, 2013

This Act was enacted to construct and regulate the local government institutions in the Province
of Khyber Pakhtunkhwa and to consolidate laws relating to these institutions and to provide for

matters connected therewith and ancillary thereto.

Section 3: T.ocal governments established under this Act shall function within the provincial

framework and shall faithfully observe the federal and provincial laws.

Section 4: Defines the local areas for local governments as Village, Neighborhood, Tehsil, Town,
District and City District.

Section 5: The Local governments to be constituted under this Act shall be a city district
government for district Peshawar; a district government for a district other than Peshawar; a Tehsil

Municipal Administration for a Tehsil; a Town Municipal Administration for 2 Town in the City

:t EMC Paldstan
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3.3.7

3.3.8

3.3.9

District; a Village Council for a village in the rural areas; and a Neighborhood Council for a

Neighborhood in areas with urban characteristics.

Sections 13: The authority of district government shall comprise the opération, management and
control of offices of the departments which are devolved to it; provided that district government

shall exercise such authority in accordance with general policy of Government.

Section 66: Offences, punishments and their cognizance: The offences specified in Fourth and
Fifth Schedules shall be liable to punishment by way of imprisonment, fine, seizure, forfeiture,

confiscation, impounding and such other penalties as provided in this Act.

NWFP/KPK Fisheries {Amendments} Ordinance, 1961

This Ordinance came with minor modification in the West Pakistan Fisheries Ordinance, 1961.
‘The NWEFP Pisheries (Amendments) Ordinance, 1982 regulates fishing in the public waters. It
empowers the government of KPK to issue licenses for fishing in public watess, put restriction on
the type of equipment that can be used for fishing and restdct fishing in certain areas or of certain

species of fish.

NWFP/KPK Wildlife Rules, 1975

N.W.F.P Wildlife Rules, 1975, applies to the whole of Khyber Pakhtunkhwa province and aims to
ensure protection, preservation and management of wildlife. These rules have been promulgated
to provide guidance on activities such as shooting, hunting, employing of hocks, dogs without
license and related activities which if remain uncontrolled or unsupervised can affect the wildlife
i a particular area. Government may alter the boundaty of wildlife sanctuary, game reserves or
national parks and may declare any area to be a game reserve, where hunting and shooting of wild
animal shall not be allowed, except under special permit, which may specify the maximum number
of animals or birds that may be killed or captured and the area and duration for which; such permits
shall be valid (Section 17). The rules also provide guidelines on possession of animals and

acquisition of permits to keep, use or transport animals, trophies or meats.

The activities of this solar power project in Kohat will be carried out by the proponent in
compliance with the NWFP wildlife rules, 1975 and will give due consideration to protecting any
endangered species if sighted during project execution, and will carefully move the animal to a safer

but similar habitat or otherwise inform the wildlife department for necessary action.

North West Frontier Province/KPK Protection of Trees and Brushwood Act 1949

The Act was established to protect the trees and brushwood belonging to the Government and
Local Bodies. Provided that nothing shall be deemed to be an offence under this Act when done
with the permission in writing of the prescribed authority or in accordance with rules framed under

this Act.

Section3 (2): Every person who neglects any duty imposed on him by this Section shall be

punishable with imprisonment which may extend to three years or fine or both.
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3.3.11

3.3.12

NWFP/KPK Irrigation and Drainage Authority Act, 1997 and 2005

N.W.F.P. Irrigation and Drainage Authority Act, 1997 was enacted to adopt a strategy for
streamlining the irrigation and drainage system in the province of North-West Frontier (now
KPK). The objectives as mentioned in the preamble included making irrigation, drainage and flood
control system more cfficient and responsive; ensuring just distribution of water; making the
irrigation network sustainable; and, improving efficiency of water resources. The irrigation
department was transformed into autonomous authority, area watet boards and farmer’s

organizatons were established.

‘The authority was entrusted with various powers and duties such as receiving irrigation supplies at
the barrages and/or head works (subject to Indus Water Treaty, 1960), to exercise all the powers
under the Canal and the Drainage Act, 1997, fixing of rates to which it would supply irrigation
water and imposing of surcharge for late payments. The authority could also formulate policies and
regulations in the water resources sector, for proper exercise of the powers, finance &
administration of works undertaken or other related issues and conducting research and

development programs for addressing various related issues etc.

N.W.F.P. Lrrigation and Drainage Authority (Amendment) Act, 2005 amended two sections of the
1997 Act as mentioned below:

Section 2: Amendment of Section 4 NWIHP Act No. V of 1997

Section 3: Amendment of Section 8 NWEFP Act No. V of 1997

Land Acquisition Act, 1894

‘This act is generally used to establish the rights on the land being acquisitioned for public purposes.
The LAA describes the detailed procedures for acquisition of private properties, but does not
appropriately cover resettlement and rehabilitation. Additionally, LAA 1984 treats land acquisition
as a provincial subject, and allows each province to use it in different ways based on their own
interpretation. Federal EPA prepared the National Resettlement Policy 2002, which described the
ways relating to calculation of compensation, public participation and consultation, formulation of

resettlement action plan, and provisions for transparency and accountability.

The land will be purchased by the proponent.

Antiquities Act, 1975

The Antiquities Act of 1975 ensures the protection of cultural resources in Pakistan. Section 22
specifically prohibits the execution of development schemes and new constrictions in proximity
to immovable antiquity. Notwithstanding anything contained in any other low for the time being
in force, no development plan, scheme, or new construction on, or within a distance of two
hundred feet of, a protected immovable antiquity shall be undertaken or executed except with the

approval of the Director.

The Act 1s designed to protect the antiquities from destruction, theft, negligence, unlawful
excavation, trade, and export. The law prohibits new construction in the proximity of a protected

antiquity and empowers the GOP to prohibit excavation in any area that may contain articles of
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3.3.13

3.3.14

3.3.15

3.3.16

3.3.17

archaeological stgnificance. The project site does not have any cultural sensitivity in the vicinity to

require protection. The provisions of this law therefore do not apply on the project.

The Forest Act, 1927

The Act is applicable to all regions of Pakistan. Tt includes procedures for constituting and

managing various types of forests, such as reserved forests and protected forests.

The Act empowers the provincial forest departments to declare any forest area as reserved or
protected. Jt also defines the duties of forest related public servants, and penalties of any
infringement of the rules. The project management will adopt measures for protection of

vegetation and green areas in the surroundings,

Pakistan Penal Code, 1860

The Pakistan Penal Code (1860} authorizes fines, imprisonment or both for voluntary corruption

or fouling of public springs or reservoirs to make them less fit for ordinary use.

Self-Monitoring and Reporting by Industry Rules, 2014

These rules classify the industrial units for monitoting and repotting their liquid effluent and
gaseous emissions into three and two categories respectively. According to each category, they
define the priority parameters to be monitored and reported to KP-EPA according to a specific
frequency based on working conditions. This monitoring and reporting is in addition to the
monitoring conditions as requited by the conditions of approval of IEE. The sa.mpling for testing
must be carried out according to Environmental Samples Rules, 2014 and be sent to KP-EPA

certified environmental testing laboratories.

National Power Policy, 2013

The Ministry of Water and Power of the Government of Pakistan Thas developed an ambitious
power policy to support the current and future energy needs of the country. This bold strategy will
set Pakistan on a trajectory of rapid economic growth and social development. Simultaneously, it
will address the key challenges of the power sector in order to provide much needed relief to the

citizens of Pakistan.

The power policy aims that the country will develop the most efficient and consumer centric power
p poicy 'y P P
generation, transmission, and distribution system that meets the needs of its population and boosts

its economy in a sustainable and affordable manner.

Power Generation Policy, 2015

In Pursuant to the decision of Council of Common Interest (the Council) held on 18th March,
2015, the Council approved the Power Generation Policy, 2015, which was subseguently finalized
in consultation with all provincial representatives during the meeting of the Inter Provincial
Coordination Committee (IPCC) on 31-03-2015 and published in the offictal Gazette of Pakistan.

Main objectives of power policy are:

* To provide sufficient power generation capacity at the least cost
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3.3.18

3.4
3.4.1

3.4.2

¢ To encourage and ensure exploitation of indigenous resources
® To ensure that all stakeholders are looked after in the process; a win-win situation

* To be attuned to safeguarding the environment
Scope of the power policy summarized below,

*  Puvate sector power projects

+  Public sector power projects, where required by the Project Sponsor

»  Public-Private Parmership (PPP) power projects

»  Power projects developed by the Public sector and subsequently divested

Pakistan Environmental Assessment Procedures, 1997

The Pakistan Environmental Protection Agency prepated the Pakistan Environmental Assessment
Procedures in 1997. They are based on much of the existing work done by international donor

agencies and Non-Governmental Organizations (NGOs). The package of regulations includes:
¢ Policy and Procedures for Filing, Review and Approval of Environmental A ssessments;

*  Guidelines for the Preparation and Review of Environmental Reports;

e Guidelines for Public Censultation

*  Guidelines for Sensitive and Criﬁcal Areas; and

*  Sectorial Guidelines

International Guidelines
IUCN Red List

The Red List is published by IUCN and includes those species that are under potential threat of

extinction. These species have been categorized as:

¢ Endangered: species that are seen to be facing a very high risk of extinction in the wild in the
near future, teduction of 50% or more either in the last 10 years or over the last three

generations, survive only in small numbers, or have very small populations.

»  Vulnerable in Decline: species that are seen to be facing a risk of extinction in the wild, having

appatent reductions of 20% ot more in the last 10 years or three generations.

¢ Vulnerable: species that are seen to be facing a high risk of extinction in the wild, but not

necessarily experiencing recent reduction in population size,

e Lower Risk: species that are seen to be facing a risk of extinction that is lesser in'extent that

for any of the above categories.

¢  Data Deficient: species that may be at 1isk of extinction in the wild but at the present time

there is insufficient information available to make a firm decision about its status.
Convention on Biological Diversity

The Convention on Biological Diversity was adopted during the Earth Summit of 1992 at Rio de

Janetrio. The Convention requires parties to develop national plans for the conservation and
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3.4.3

3.4.4

3.4.5

sustainable use of biodiversity, and to mntegrate these plans into national development programs
and policies. Parties are also required to identify components of biodiversity that are important for
conservatian, and to develop systems to monitor the use of such components with a view to

promoting their sustainable use.
Convention of Conservation of Migratory Species of Wild Animals 1979

The Convention on the Consesrvation of Migratory Species of Wild Animals (CMS), 1979,
requires countries to take action to avoid endangering migratory species. The tetn “migratory
species” refer to the species of wild animals, a significant proportion of whose members cyclically
and predictably cross one or more national jurisdictional boundaries. These parties are also
required to promote or co-opetate with other countries in matters of research on migratory

species.

The Convention contrins two appendices. Appendix I contain the list of migratory species that
are endangered according to the best scientific evidence available. For these species, the member

states to the Convention are required endeavour to:

*  Conserve and restore their habitats,

e Prohibit their hunting, fishing, and captusing, harassing and deliberate killing.
* Remove obstacles and minimize activities that serfously hinder their migration.

»  Contral other factors that might endanger them, including control of introduced exotic

species,
Convention on Wetlands of International Importance, Ramsar 1971

Pakistan is the signatory to the said Convention. The principal obligations of contracting parties

to the Convention are:
s To designate wetlands for the List of Wetlands of International Importance.

s To formulate and impicmeﬁt planning to promote wise use of wetlands, to make IEE before
transformations of wetlands, and to make national wetland inventories. To establish nature
reserves on wetlands and provide adequately for their widening and through management to
increase the waterfowl populations on appropriate wetlands, To train personne} competent in

wetland research, management and widening.

» To promote conservation of wetlands by combining far-sighted national policies with
coordinated international action, to consult with other contracting parties about implementing

obligations arising from the Convention, especially about shared wetlands and water system.

¢ ‘To promote wetland conservation concerns with development aid agencies. To encourage

research and exchange of data,

Convention on International Trade in Endangered Species of Wildlife Fauna and
Flora

The Convention came into effect on 03 March 1973 in Washington. In all 130 countries are

signatory to this Convention with Pakistan signing the convention in 1976. The Convention
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3.4.6

tequires the signatories to impose strict regulation (including penalization, confiscation of the
specimen etc.) regarding trade of all species threatened with extinction or that may become so, in

order not to endanger further their survival.

The Convention contains three appendices. Appendix I include all species threatened with
extinction which are or may be affected by trade. The Convention requires that trade in these
species should be subject to strict regulation. Appendix I} includes species that are not necessarily
threatened presently but may become so unless trade in specimens of these species is subject to
strict regulation. Appendix I1T includes species which any contracting party identifies as subject to

regulations in trade and requires other parties to co-operate in this matter.
Framework of Environment and Wildlife Institution in Pakistan

Headed by a Federal Minister, the Ministry of Enviroument, Local Govetniment and Rural
Development is the main government organization responsible for the protection of environment
and resource conservation. The Ministry works with the Pakistan Environmental Protection
Council (PEPC}, and the Federal and Provincial Environmental Protection Agencies formed under
the PEPA 1997. The roles, responsibilities and authorities of PEPC and the EPA’s are defined in
the PEPA 1997.

The PEPC has been formed by the Federal Government. Its member includes the President of
Pakistan, or someone appointed by the President, as the Chairperson; the Minister of the Ministry
of Environment, Local Government and Rural Development as the vice-Chairperson; Governors
of the Provinces; Ministers in charge of the subject of environment in the Provinces; Secretary of
the Federal Government in-charge of the Ministty of Envitonment, Local Government and Rural
Development; Director General Federal EPA; heads of other federal and provincial departments;
environmentalists and community representatives including scientists, The functions and powers
of the Council include formulation of national environmental policy, enforcement of PEPA 1997,
approval of NEQS, incorporation of environmental considerations in to national development
plans and policies and provide guidelines for the protection and conservation of biodiversity in

general and for the conservation of renewable and non-renewable resources.

The Federal government has also formed the Federal EPA, which is headed by the Director
General and has wide-ranging functions given in the PEPA 1997, These include the preparation
and co-ordination of national environmental policy for approval by PEPC, administering and

implementing the PEPA 1997 and preparation, revision or establishment of NEQS.

The Provincial Environmental Protection Agencies are formed by the respective Provincial
Governments. A Director General who exercises power delegated to him by the Provincial
Governiment heads each Provincial EPA. IEE’s and EIA’s are submitted to Provincial EPA’s for

approval.

The National Council for Conservation of Wildlife (NCCW) is responsible for the formulation of
national wildlife policies, co-ordination with provincial wildlife department on the implementation
of these policies and co-ordination with international organizations on the matter related to the
international treaties. The NCCW works under the Ministry of Environment, Local Government
and Rural Development and is headed by the IG Forests. NCCW comprises of an advisory council,
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which is chaired by the Ministry of Environment and includes representatives from provincial
wildlife departments, NGO’s, members of. the civil society and other ministries. A NCCW
secretartat based in Istamabad handles the day-to-day affairs and the actual implementation of
policies and recommendations of the advisory council. At provincial level almost each province

has a wildlife department and a wildlife protection act.
IFC Environmental, Health, and Safety Guidelines

The Environmental, Health, and Safety (EHS) Guidelines are technical reference documents with

general and industry specific examples of Good International Industry Practice (GIIP).

Environmental issues associated with the construction and maintenance activities may inctude,
among others, noise and vibration, soil erosion, and threats to biodiversity, including habitat

alteration and impacts to wildlife.

Examples of the impacts addressed in the General EHS Guidelines include:

*  Construction site waste generation; )

¢ Soil erosion and sediment control from materials sourcing areas and site preparation activities;

» Pugitive dust and other emissions {(e.g. from vehicle traffic, land clearing activities, and

materials stockpiles);
*  Noise from heavy equipment and truck traffic;

* Potential for hazardous materials and oil spills associated with heavy equipment operation and

fuelling activities.
Environmental issues during the construction phase include the following:
o  ‘Terrestrial habitat alteration.

¢ Hazardous materials,
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Chapter 4. Environmental and Social Baseline

4.1.

4.2,
4.2.1.

Introduction

This section describes the existing environmental and social conditions of project area sitnated in
the tehsil Lachi of Kohat District, IKPK. Information presented in this chapter was collected from
both primary and secondary sources to establish a comprehensive profile of the area for further

assessiment of impacts.

Secondaty data was obtained through previons studies conducted in the atea, district census
reports, similar work done by the consultant in the area and other archives. Authenticity of the data

and data source was focused throughout the period of compilation of this chapter.

Field surveys were conducted by EMC team of environmentalists and sociologists to collected
primary data on the environmental and social features of project area including natural
environment, ecosystems, biodiversity, air shed, water shed, physiography, social status, livelihood,

econoinic activities etc.

Project Location
Micreenvironment
Microenvironment of the project constitutes the 115 hectates project site located at 33°21'39.86"N,

71°22'44.06"E. ‘The project site (microenviromment) is based in a complex terrain consisting of
proj p 2

multiple depression and ridges.
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Figure 4.1: Location of Project Area
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The land is currently barren and uncultvated, with very little vegetation on the site. Most of the
terrain is covered with wild bushes & shrubs with only a few small trees along the west boundary
of the site. There are scattered villages near the eastern boundaty of the site and a few houses are

located within the site on a ridge towards the north east.

Genetal View of the Area

4.2.2. Macroenvironment

Macro environmental includes nearby villages, vegetation and hills. Nearest village is Mohsin Khel
Kohat that is about 1.5 km North of the project site. The Tanda Dam is located at approximat‘ely
22 kilometres away from project site in North. Town of Lachi is located about 3.5 km northwest
from the project site. Unpaved roads exists in the project area, which provide connectivity to the
N-55 Indus Highway and Bannu-Kohat Road westwards. There is a stream of water called Lachi
Toi from the Kohat Toi Tributary about 2.38 km northwards from the project site. Stream of
Maramzai Algad, which originates from Lachi Toi, is at about 3 km from the project site, in north-

western direction.
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4.3. Physical Environment

4.3.1. Climate

The climate of IKohat and surroundings is hot from May to September. June is the hottest month.

The mean, maximum and minimuim temperature recorded during June is about 40° C and 27° C

respectively. A pleasant change in the weather is noted from October onwatds, up till February.

The winter is cold and severe. In winter a wrong west wind known as “Hangu Breeze” often blows

down the Miranzai valley towards Kohat for weeks. The mean maximum and minimum

temperature, recorded during the month of January, is about 18° C and 6" C respectively.

The rainfall is recerved throughout the year. The monsoon rain is received from May to October.

August is the rainiest month, with an average of about 114 mm. The winter rain occurs from

November to April. The highest winter rainfall is received in the month of March. The average

annual rainfall is about 638 mm. The maximum humidity has been recorded in the month of August

during summer season and in December during the winter season. Figure 4.2 summarizes the

weather of Kohat;
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Figure 4.2: Peshawar Weather Indicators
Source: http:/ /en.climare-data.org/

1. Temperature and Wind Speed

Data for the site-specific temperature and wind speed at 10 m above ground was obtained from

Meteonorm 7 is shown in Ertor! Reference source not found.4.1.

& Private Limited

Table 4.1; Onsite Ambient Temperature and Wind Speed data

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Average
Amb. _ .
Temp. | 102135 | 189 1 243 1 29.6 | 31.3 [ 30.1 | 29 [27.1[225| 16 | 11.7 20
LY
EMC Pakistan
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Table 4.1 Onsite Ambient Tempetature and Wind Speed data

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct Nov Dec | Average |
Wind
Speed | 2 | 26| 3 |37 42 453931251815 15 2.9
(m/s)

Source: Peasibility Study Kohat 50 MWp P17 Project

The temperatures are highest on average in June, at around 33.3 °C. The lowest average

temperatures in the year occur in January, when it is around 11.1 °C.
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Figure 4.3: Temperature Profile Kohat
Source: hetp:/ /en.climate-data.org/

2. Precipitation

The variation in the precipitaton between the driest and wettest months is 86 mm. Table 4.1

sumrmarizes the average precipitation pattern in Kohat.

Table 4.2: Mean Monthly Precipitation in Kohat (mm)

Measure | Jan | Feb { Mar | Apr | May | Jun | Jul| Aug | Sep | Oct | Nov | Dec | Annual

Average | 28 | 43 | 73 | 51 | 37 | 20| 78| 98 | 48 | 20| 12 | 21 529
Souree: bitp:/ [ enslimate-data.ors/

3. Sunshine Hours

Sunshine duration or sunshine hours is a climatological indicatot, measuting duration of sunshine

in given period (usually, a day or a year) for a given location on Earth, typically expressed as an

EMC Paldstan
Private Limited

57



Initial Environmental Examination (IEE)} Study
S50MW Solar PV Power Plant

averaged value over several years. It is a general indicator of cloudiness of a location, and thus

differs from insolation, which measures the total energy delivered by sunlight over a given period.

Sunshine duration is usually expressed in hours per year, or in (average} hours per day. The first
measure indicates the general sunniness of a location compared with other places, while the latter
allows for comparison of sunshine in vatious seasons in the same location. Another often-used
measure is percentage ratio of recorded bright sunshine duration and daglight duration in the

observed period.

The Global Hotizontal Irradiation values at the site were compared from several suitable databases
as shown in Table 4.2. The average annual GHI was caleulated to be 1,792 kWh/m? at the site.

Table 4.3: Annual Global Hotizontal Irradiation (GHI) from various data sources

Data Source Measurement GHI (kWh/m?) | Difference from
Duration Average (Vh)

Meteonorm 7 1991.-2010 1,752 -2.2

Solar(GIS 1999-2011 1,780 -0.7

NREL SUNY 2000-2014 1,843 2.9

Average 1,792

Source: Feasibikity Study Kobat 50 MWp P17 Project

Meteonorm 7 and NREL SUNY combined with PVGIS-CMSAF databases were used to obiain
the irradiation at chosen angles. The orientation of the modules was assumed to be due south, with

an azimuth angle of 0°. The irradiation values at the site are provided in Table 4.3.

Table 4.4: Monthly and annual On-site irradiation

Meteonorm 7

kWh/m? Jan | Feb | Mar | Apr | May { Jun | Jul | Aug | Sep | Oct | Nov | Dec | Total
GHI 92| 98| 150 | 170 | 205{192|180| 171 | 158 | 1391 1i1| 891,752
20° 126 | 122 | 172 180 | 204 | 186 | 177 | 176 | 175 | 171 | 154 | 128 | 1,969
25° C1132] 126 | 1751 179 | 201 | 182 | 173 | 174 | 176 | 176 | 163 | 136 | 1,995
30° 138 | 120 | 1771 178 197 | 177 1 169 | 1721177 | 180 | 170 | 143 | 2,008

NREI SUNY / PVGIS-CMSAF
kWh/m? Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Total

GHI 971100 162 | 183 | 223 {202 | 187 | 180 | 163 | 146 | 108 | 93| 1,843
20° 134 | 124 | 184 192 2191194 | 182 | 183 | 179 | 179 | 145| 133 | 2,049
25° 1421 129 | 188 | 191 | 216 | 189 | 179 | 182|181 | 185 | 152 | 141 | 2,074
30° 148 | 132 1901 190 211 | 184 | 174 | 179 | 182 | 189 | 158 | 148 | 2,086

Source; Feasibility Study Kokat 50 MW PV Project

Although the inclination angle of 33° resulted in the highest total irradiation falling on the plane,
this would result in a higher inter row distance (pitch} to avoid inter row shading, This would
ultimately lead to a reduced installed capacity. As a result, it was decided that the optimurm

inclination angle at this stage is 25° and this corresponds to an average irradiation value of 2,021
EWh/m?2
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Solar maps of Pakistan azre depicted in fg 4.4 and 4.5.
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Source: USATD/NREL
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4.3.2.

4.3.3.

Ambient Air Quality and Noise

The proposed project site is more than 5 Km towards the eastern side of the Indus highway, air

quality 1s much within acceptable limits throughout the Project area. The paved roads, including
the main access road from the northern side of the site, arriving from Indus highway crossing the
town of Lachi. Localities of Mesan Khel and Mulghainare are far from project site. The area has
smaller roads, which are not too wide, and are devoid of any heavy traffic, while dust on the road
side suspends in air for a little while and settles quickly. The heavy traffic load is toward west of
the site, because of heavy transpori load on Indus highway. As indicated earlier, this main highway
is over 5 kim away from the site, therefore emissions due to vehicular movement is insignificant as
studied at the proposed project site, Much of the dust in the area actually occurs due to aridity,
limited vegetation cover, and a lot of barren/uncultivated land in the surrounding, and it is
exacerbated by human activity. Considerable amount of Suspended Particulate Matter {SPM) may

be generated when the vehicles move on unpaved shouldess and pootly maintained existing road.

Overall, the Project area is Jocated in a sparsely populated area that has no industry. There are no
major sources of air pollution in the vicinity, and although infrequent vehicular traffic on the dirt
roads may produce dust emissions but its effect is faitly localized. FExisting traffic movement is in
the area low and hence traffic does not constitute 2 significant source of air quality detetioration in

the microenvironment.

Sources of noisc in the microenvironment are very limited and include merely the small scale
vehicle movement. Due to its large distance from the Indus highway, and less traffic load in the
nearby village roads, the noise levels were found in range of 45-50 dB(A}. On the whole, the project

site has got a good noise quality represented by serene living environment.
Topography

"The site is located at the base of hills a few tens of meters from the southern boundary of the site.
The uneven terrain in the south extends up to 370 meters to the center of the site. A pond
approximately 0.12 hectares is located near the north-western boundary of the site with the
presence of streams and smaller trailing water bodies running through the site. From the survey, it
is concluded that these streams are now dry. The land is currently barren and uncultivated, with
distributed and non-dense vegetation on the site although some evidence of animals grazing was
found on the site. The site also contains unused and batren plots which are clearly demarcated

through borders / trees.

Ridges, gullies, elevated hillocks and steep depressions are located in the south of the site. During
site visit, the area in the centre west was found comparatively flat whereas rest of the site can only

be utilised after significant grading.

The Kohat district is full of mountains, but none of them attain any great altirade. The Cherat,
Nilab, Mirkhwali, Swanai Sar, Mirandai and Lawaghar ranges are all nearly of the same height. The
only hill marked in the inaps- as more than 5,000 feet High is the Jalala Sir in the Cherat range (5,110
feet), but all these other ranges have peaks varying from 4,700 to 4,900 feet in height. As regards
the hills along the border, the highest ranges in the Adam Khel countty ate of about the same
height as the Cherat range. The Orakzai hills are considerably higher. Molaghar, a conspicuous hill

| EMC Pakistan
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in Tira, 12 miles northwest of J{ohat, is 7,060 feet high. Mazeoghar and the adjoining peaks which
overlook kachai are about §,300 feet high. The Samana range, which lies just outside the district,
rises north of Kahi to 4 height of 6,670 feet, and further from our border in the Zaimusht country
reaches an alutude of over 9,000 fect. The Waziri hills to the west are much lower, the highest,
Kafir Kot, being only 4,004 feet. '

There are no major lakes in the district except one at Dhand near Shalardara, which is about a
quarter of a mile long. The village tanks are for the most part insignificant in size. There is an
almost entire absence of ponds and marshes. Owing to the generally high level of the district, height

of the mountains above the level of the plains is very much less than their height above the sea.

Figure 4.5 depicts the topography of the project area.
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Figure 4.6: Topographic Map of the Area
Source: http:/ /en-av.topographic-map.com/

4.3.4. Sail

During site visit, the texture of the top layer of the soil was found to be gravely, silty clay with small

rocks and light brown in color.

Soil structure, and other physical properties influence the germination and emergence of young
seedlings, root penetration and growth into the soil, besides affecting the movement of water
within the soil. The composition of soil air and the availability of plant nutrients influence plant

growth.

Wasiullah and Bhatti. A. U (2007)2, analysed the soils of Disttict Kohat and District Bannu for
their properties. Soil samples were collected from two depths i.e. 0-15 and 15-45 ecm from. 86

locations in Kohat.

2 Physico-Chemical Properties of Soils of Kohat and Bannu Districts NWFP Pakistan, Journal Chem.Soc.Pak
Volume. 29, No. 1, 2007
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Sand content of the surface soil ranged from 1.20 to 70% with a mean value of 29.58% while it
ranged from 1.20 to 80.80% in the subsoil with a mean value of 29.13%. Silt content of the surface
soil vatied from 11.20 o 73.20% with a mean value of 37.42% while subsoil samples ranged from
6.40 to 56.40% with a mean value of 33.58%. Clay content of the surface soil ranged from 11.60
to 59.60% with an average value of 33% while it ranged from 2.8 to 70.80% with a mean value of
37.30% in the subsoil. Though the coefficient of variation for silt and clay in both the depths was
almost the same, it was quite lower than for sand content. Based on average as well as the minimum
and maximum values, silt content was lower in the subsoil than the surface but vice versa for clay.
Saturation percentage of the surface soil ranged from 25.15 to 71.76% with a mean value of
45.93%. In the subsodl, it ranged from 16.60 to 82.64% with 2 mean value of 50.10%. Besides such
sutveys and studies aiming to the fertility status of the local soils of Kohat, there are so many areas
in District Kohat those are not suitable for CL‘O}'.)S, and there are certain areas where stone/ pebble
content is moderate to high. These sites are usually located along side the ridges. These sites are
mostly barren, soil quality and depth is low, and is not suitable for any type of cropping /agricubture.
Most of the soil in the proposed project area is the same type, with dry and scanty type of
vegetation, no irrigation or water retention system is available, hence agriculture is only rain fed

and not commeon in the area,

Bulk density of the surface soil ranged from 1.10 to 1.75 g cm® with a mean value of 1.37 g em-,

Variation in bulk density was very high with a coefficient of variation about 87%.
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Figure 4.7: Soil sampling locations in Kohat district

Source: Physico-chemical Properties of Soils of Kohat by Wasiullah and Bhattd A.U. Journal of
Chem.5oc.PPak. Vol. 29, No. 1, 2007
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Findings of the phyisco-chemical analysis are summarized in the tables below,

Table 4.5: Descriptive statistics of so11 physical properties of Kohat District

Property { Mean ! ! Minimum | Maximum ; C.V (%)
{0 =15 cm depth)

Sand (%) 29,58 1.20 70.00 65.11

Silt (%) 37.42 11.20 73.20 35.44

Clay (%) 33.00 11.60 59.60 37.30

Saturation 45.93 25.15 71.76 26.04

percentage

Bulk Density (g | 1.37 : 1.10 1.75 86.83

e

(15 ~ 45 cm depth)

Sand (%) 29.13 1.20 80.80 ' 68.03

Silt (Vo) 33.58 6.40 50.40 36.96

Clay (%) 37.30 2.80 70.80 38.25

Saturation 5010 16.60 82.64 27.58

petcentage _ .
Source: Plysico-chemical Properties of Sodle of Kohat by Wasinllah and Bhaiti A U. Journal of Chem.Soc.Pak Vol
29, Ne. 1, 2007

Table 4.6: Descnptwe statistics of soil chemical properties of Kohat District

Property ' [ Mean =~ | Minimum | Maximum | C.V (%)
{0 —15 cm depth)
pH 766 7508 1836 23.84
ECe (dSm™) 3.00 1.09 17.76 69.27
SAR 1.56 0.00 ' 6.68 © 18542
Lime (%) 13.72 175 29.75 48.30
Organic Matter (%) 0.75 (.28 1.69 14999
(15 — 45 cm depth)
pH 7.57 7.20 8.05 ' 18.89
ECe (dS m1) 3.26 1.31 16.75 62.65
SAR 1.79 014 5.85 67.04
Time (Vo) 11509 250 37.50 50.97
Orpanic Matter (%o) 0.68 0.17 1.45 43.76
Sonree: Phyrico-chemical Pmpcrfze.r of S 0zf.r of Kobar by W asiullah and Bharti A.U. ]mzma/ of Chene.Soc. Pak. 1ol
29, No. 1, 2007

Soil pH of the surface soil ranged from 7.98 to 8.36 with a mean value of 7.66, while it ranged from
7.20 to 8.05 in the subsoil with a mean value of 757, T

Electrical conductivity of the surface soil ranged from 1.09 to 17.76 dS m! with a mean value of
3.06 dS mr!. In the subsoil, it ranged from 1.31 to 16.75 dS m with an average of 3.26 dS m-.

Sodium Adsorption Ratio (SAR) of surface soil ranged from 0 to 6.68 with a mean value of 1.56
and the coefficient of vatiation being 85.42%. In the subsoil, it ranged from 0.14 to 5.85 with a
mean value of 1.79 and C.V. 67.04%.

EMC Pakistan
Private Limited

63



Initial Eavitoomental Examioation JEE) Srudy
S0MW Solar PV Power Plant

Lime content of the surface soil ranged from 1.75 to 29.75% with an average of 13.72% while it
ranged from 2.5 to 37.50% with an average of 15.09% in subsoil.

Organic matter content of the surface soil ranged from 0.28 to 1.69% with 2 mean value of 0.75%.

In case of subsoil, organic matter ranged from 0.17 to 1.45% with an average of 0.68%.

The paper concludes that the texture of soil in Kohat ranged from clay to sandy loam. All the soils
of Kohat were alkaline in reaction and caleareous of different degree. Salinity problem existed in
various areas of Iohat district ranging from 14 to 17% area in mainly central irrigated parts. No
sodicity problem was observed. Organic matter of all the soiis was low in eastern and western parts
as compared to central parts of the district Kohat.

Soil meisture anomaly map shows the district Kohat in the range 100 ~ 200 mun of moisture

anomaly,

Soit Moisture Anomaly (SMA)
during November 2015
of Pakistan

S0

s

| Moisture Anomaly
(mm)

=-300 -300 -200 -100 50 .25 0 25 50 100 200 300

Source: Pakistan Meteorological Department

Figure 4.8: Soil Anomaly Map of Pakistan
Source: Pakistan Meteorological Departrent (PMD)
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The classification of District Kohat including the project site as per AILZ is shown in the figure
4.8.

Figure 4.9: Land classification under AEZ

4.3.5. Geclogy and Tectonics

The Kohat basin is the most complex tectonic area of nosthern Pakistan. It is a tlted plateau with
a moderate to steeper dips and asymmettical sttuctures fotmed by a large number of thrust/normal
faults. It has been interpreted as formed by transgressional tectonics based on salt affected or
basement involved thmét/reversc faulting (Paracha, 2001). The exposed stratigtaphic sequence
comprised of clastic, carbonate and evaporite strata ranging in age from Jurassic to Quaternary
constitute a thickness in excess of 4 km, The earlier literature on the geology of Kohat and adjacent
area is mainly focused on the salt deposits (Brunes,1832; Fleming,1853; Oldham and Thomas,1864.
Later work on the stratigraphy and structure include that of Eames (1952) Rashid et. al, (1965)
Khan (1967) Meissner et. al (1968; Meissner, et. al. (1974). Gardezi, et al,, (1976) discussed the
geology of the Darra Adam Khel , District Kohat with the observations on the facies changes and
their tectonic implications. Tanoli, et. al. {1993) has done a detailed study of the Eocene

sedimentary sequence in Kohat Basin,

The nomenclature of the stratigraphic units exposed in the area, adopted by the Stratigraphic

Committee of Pakistan (Fatmi, 1973) are as follows,

=
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Table 4.7: Stratigraphic units in the area

Age Old Names Present Names
Eocene Kohat Limestone and Sirki-Shales | Kohat Formation
Kuldana Series/Lr. Chharat Series | Kuldana Formation/Mamikhel Clay
Shekhan Lst./Jatta Gypsum Shekhan Lst/Jatta Gypsun
Green Shales/Kohat Saline Series | Panoba Shale/Bahadur Khel Sale
Paleocene - Eocene | Tarkhohi Shales Patala Formation
Paleocene | Tarkhobi Limestone Lockhart Limestone
Hangu Shale & Sst Hangu Formation

Sowree: PALEOGENE BIOSTRATIGRAPHY OF KOHAT ARE.4, NORTHERN PAKISTAN by

Shabid | Sameens, Mobagmed Haneef, e af, Geol Brll, Panjab Unin, 44, 2009.
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Figure 4.10: Location Map (after Meissner, et. al. (1974))
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Figure 4.11: Tectonic Plates traversing Pakistan
Source: http:/ /www.neduetedu.pl/Civil / tp.htod

4.3.6. Seismicity

Generally, earthquake proves to be the most devastating natural disaster, with a high mortality rate
and widespread destruction. It is one of the most active and complicated themes for the Disaster
Risk Management community. Pakistan is located in one of the seismically active region on earth,
with active Himalayan ranges in the north, Hindu Kush mountain ranges in the Northwest and
Suleiman Mountain ranges in the South West. High seismic hazards in Pakistan and adjacent Indian
and Afghanistan regions are due to northward movement of the Indian tectonic plate at a rate of
31 mm/year, which is subducting beneath the Eurasian Continent. Harthquakes in Pakistan are
often related with the Eastward trending regional thrust faults. Experts believe that the region is
prone to more earthquakes in the future. As per the Seismic Zoning Map of Pakistan, District
Kohat lies in zone 2B with Peak Ground Acceleration of .16 g to 0.24 g having no fault lines.

"The seismicity record for 1973-1976 of this region unveils major earthquake risk vulnerability and
identifies areas of potential seismic gap for impending major earthquake. The record shows that
the devastating 1905 Kangra earthquake killing more than 19,000 people was located on this zone.
The 1974 Pattan earthquake killing more than 5,000 people was also located on this crushed zone.
A 5.2 magnitude earthquake that occurred near Rawalpindi in 1977 causing severe damage and loss

of lives was also located near this zone.
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" Figure 4.12: Seismicity Map of Khyber Pakhtunkhwa
Source: District Disaster Risk Management Plan Nowshera

Hydrology

Surface Water

There is no major surface water body in the immediate vicinity of the project atea. No permanent
rivers were visible at the site, The water channels were dry during the site visit. There is a stream -
called Lachi Toi from the IKohat Toi Tributary about 2.38 km northwards from the project site.
Stream of Maramzai Algad, which originates from Lachi Toi, is at about 3 km from the project site,
in north-western direction. Water access is made possible by the presence of small ponds located
in close proximity to the northern and western boundaries of the site. A pond has been located

within the site and could potentially meet all water requirements.

The major water body in the district is River Indus, which flows along the eastern boundary of the
district. Tt exits the district in south into Attock District of Punjab and further flows into District
Mianwali.

Indus River originates from the north side of the Himalayas at Kaillas Parbat in Tibet having
altitude of 18000 feet. Traversing about 500 miles in N'W direction, it is joined by Shyok River near
Skardu (elevation 9000 feet). After about 100 miles in the same direction, it reaches Nanga Parbat
and joined by the Gilgit River at an elevation of 5000 feet. Flowing about 200 miles further in SW

i EMC Paldstan
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direction, the river enters into the plains of the Punjab province at the Kalabagh (800 feet). The
Kabul River, a major western flank tributary, joins with Indus near Attock. The Kunar which is
also called Chitral River joins Indus below Warsak. About five miles below Attock, another stream
Haro River drains into the Indus River. About seven miles upstream of Jinnah Barrage, another

stream called Soan River joins with Indus.

The flows in the River Indus are perennial and provide the main freshwater resource for the arez
and the water is considered to be suitable for irrigation purposes. There are seasonal rullahs on
both sides of the river which carry rainwater from the hills and other adjoining areas into the river
during period of heavy rain. The water quality of Indus River and its tributaries is generally
considered excellent for irrigation purposes. The total dissolved solids (TDS) range from 60 mg/!
in the upper reaches to 375 mg/lin the lower reaches of the Indus, which are reasonable levels for

irrigated agrculture and also as raw water for domestic use.

In the upper reaches of the Indus River, the Dissolved Oxygen (DO) content remains above 8.5
mg/] which is well above the acceptable levels of 4 mg/IL The Biochemical Oxygen Demand
(BOD) downstream of Attock has been recorded as 2.9 mg/l. The major source of anthropogenic
poliution in the river waters is the uncontrolled and untreated discharges from cites, settlements
and industries, and water quality immediately downstream of major towns is usually well below the

acceptable limits.

Kohat city is facilitated with two dams i.e. Tanda and Gandiali dams, which ate good for fishing
spot, hunting enthusiasts in Asia pacific because these dams contain great diversity of many fish

species.

Tanda Dam

Figuse 4.13: Location of Tanda Dam in District Kohat
Source: Zubia Masood, Afshan Majeed, et al. 2015)%

3 Evaluationof Some Physiochernical Properties of Water, Soil and Sediments of the Dams of Kohat District,
Khyber Pakhtunkbwa Provinee of Pakistan, with Special Reference to Their Impact on Fish Growth and Survival by
Zubia Masood, Afshan Majeed, et al. American-Burasian ]. Agric & Environ. 8¢, 15 (6): 1186-1191, 2015

m
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Figure 4.14: Location of Gandiali Dam-in District Kohat
Source: Zubia Masood, Afshan Majeed, et al. {2015}

A study by Zubia Masood, Afshan Majeed, et al. (2015} on the water quality of Tanda and Gandiali
dams analyses the various physico-chemical parameters of the water resource and associated

elements. Results are summarized below in tables;

Table 4.8: Physiochemical properties of water, soil and sediments from Gandiali Dam of
Kohat district
Conductance | Tem 1DS Elasticit
Samples | pH onductance ﬁ P (mg/50 : Taste ; Colour | Odor astict
s/m) | o) | EEET y
. Non-
Water 6.86 51.0 34.0 60.0 Tasteless | Pale  { Odourless .
elastic
Soil | 6.9 18.0 335 | 860 | Sour |TCMhiogiumces| Elastic
brown
Sediments | 6.9 15.0 31.6 | 700 Sour | DBk 1 ingent | oo
: . brown elastic
Source: Evalnationgf Some Physischenrical Properties of Water, Soif and Sediments of the Dams of Kohat District,
Kiyber Pakhitunfehwa Province of Pakistan, with Special Reference fo Their Impact on Fish Grownh and Suvvival by
Ziubia Masood, Afshon Majeed, ot al. American-Eurasian |. Aaric & Environ. Se, 15 (6): 1186-1121, 2015

* Evaluationof Some Physiochemical Properties of Water, Soil and Sediments of the Dams of Kohat District,
Khyber Pakhtunkhwa Province of Pakistan, with Speciai Reference to Their Impact on Fish Growth and Survival by
Zubia Masood, Afshan Majeed, et al. Ametican-Eurasian J. Agric & Enviren. &, 15 (6): 1186-1191, 2015
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Table 4.9: Physiochemical properties of water, soil and sediments from Tanda Dam of
Kohat district

Conductance | Temp TDS -
Samples | pH (ps/ml) ¢C) | (mg/50mp Taste | Colour | Odour | Elasticity
Water | 7.35 46.0 325 50.0 Salty Pale | Pungent Nonl-
elastic

Soil 6.03 31.0 30.0 30.0 Sour : Brown | Pungent | Elastic

c 1 lon-

Sediments | 6.87 31.0 325 | 29.0 Sour | PR I pigene | ToR
brown elastic

Seurce: ibid,

4.4.2, Groundwater Hydrology

4.5

4.5.1

A Study was undertaken by Malik A. Badruddin (2004) to evaluate overexploitation of ground
water resources in Lachi valley and its effects on ground water balance and quality during the year
2001-2002. Climate of the study area is semi-arid, which necessitates artificial rrigation to
undertake agricultural pursuits. As no proper surface water exists, the only option remaisns into use
ground water for irrigation and domestic purposes. In the past few years, low precipitation and
reduction in up- stream flow cauvsed the water table to drop at rate of0.06 to 1.6 m per year with
average of 0:6m/year. The total rech'uge to the area amount to 0.550 cumecs, out of which 0.055
cumecs cotnes from Lachi- Tol and the remaining from precipitation. The total discharge from the
area amounts to 0.796 cumecs out of which 0.740 cumecs were discharged by wells and the
remaining by natural springs. The discharge from the area is two-third times more than the recharge
to the area that imbalanced the aquifer and the ground water quality has deteriorated. Out of total
thirty-two groundwater samples collected randomly from the study area, forty-six percent were
found hazardous (mostly in the south-eastern part of the valley, close to the saline water stream),
ten percent were marginal (mostly in the north-eastern part of the valley) and forty-four percent

were safe (mostly in the western part of the valley).

During the site survey, and while visiting the local population/village, it was learnt that the ground
water (quality of the project area itself is fine, most of the tube well water and occasionally the
subsoil water from the hand-pomps s drinkable. During the visit, it was learnt that in some places
near the hills/ridges the water is not available, and hence the locals population has to carry the
water from a distance of an average of 2 km. According to the local respondents, the average depth
of subsoil water is 50 meters (150-200 feet), They also reported that the water carries some taste,
and little marbidity and occasionally colour in some samples. Some of the respondents in interviews

indicated that in the sandy areas the ground water quality is very good.
Ecological Environment

Wetlands

Tanda Dam is located at 33°35'N & 071°22'E, about 22 km from the project site. It spans 405 ha.
It is a wetland of international importance, according to Ramsar Convention’, It is a small water-

storage reservoir supporting irrigated agriculture and a small fishery. The site is 2 wintering area for

5 Ramsar Sites Information Service (https:/ /rsis.ramsar.org/ris/98)

=
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4.5.2

- Anatidae (ducks, geese, swans, etc) and serves as a staging area for vatious waterbirds. Bird

numbers seldom exceed 500 in mid-winter and 2,000 during migration periods.

Since the project site is located far from the protected site, the project activities will not affect the

protected site and are confined to the microenvironment.

L R 5 S L 2

Figure 4.15: Ramsar Convention Designated Protected Wetland Area: Tanda Dam
Source: https:/ /usis.ramsar. org/ris /98 :

Flora

The project land is currently barren and uncultvated, with very little vegetation on the site, Most
of the terrain is covered with wild bushes & shrubs with only a few small trees along the west
boundary of the site. There is a pocket of vegetation that are mostly small trees and shrubs in the
south-eastern region of the site alongside small patches of distributed shrubs and trees along the

northern and north-western regions.

The district constitutes dry climatic region, having a variety of arid, semi-arid and sub humid types
of climatic conditions and therefore represents different types of habitats and vegetation types,
which can be seen in different parts of the macro environment. The overall biodiversity of this
district is moderate to rich but confined to a few areas i.e. their distribution is seen as few patched

vegetation areas,

The overall low vegetation cover at the project site is mainly based on the high average

temperatures in summers and low precipitation throughout the year and also due to wood

tri
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cutting/logging for fuel. Due to the heavy grazing and other related biotic factors there are certain
edaphic variants, those related to dry climatic conditions, levity of top soil and soil erosion etc.
have rendered Zigyphas wunmmalaria and Acacia spp as dominant species while among herbs and
Grasses the two important species surviving in current dry conditions are  Tjphs surpantine grass,
and Pog spp respectively which are the main species left in competiton, largely because of

overgrazing, and lack of any other palatable forage available for the domestic cartle,

Table 4.10: List of plant species and their Families found in Kohat Areas
Number {Species Name ' Family Name

1. [wsticia adhatoda Acanthaceae’
2. Alernanthera punoence Amaranthaceae
3. Amaranthus viridir Amaranthaceae
4. Calatropis procera Asclepiadaceae
5. Caralluma tubercilata Asclepiadaceae
6. Carissa opaca Asclypiadaceae
7. Carthamus oxyacanthe Asteraceae

8. Conyea buneriansis Asteraceae

9, Lannaeq prosumbens Asteraceae

10. Conya Canatensis Asteraceae

11. Xanthinm - stromoninm Asteraceae

12. Artenisia scoparia Asteraceae

13, Buseus sempervirens Buxaceae

14. Opuittia spp. Cactaceae

15, Chenapodinm album Chenopodiaceae
16, Iposmoea corvea Convolvulacae
17, Citralus colocynthis Cucurbitaceae
18. Ciperus arenarins Cyperaceae

19. Cyperns frio Cyperaceae

20. Cperss rotundus Cyperaceae

21. Ephedra ciliate Ephedraceae
22 Eplsdra gerardiana Ephedraceae
23. Euphorbia prosirate Euphorbiaceae
24, Ricinus commpmis Euphorbiaceae
25. Gymmosporea royleana Gymnosporeaceae
26. Laminm amplescicante Lamiaceae

27. Castia alata Leguminoseae
28. Avcacia modesta Leguminoseae
29, Acacia nilotica | Leguminoseae
30. Grewia opliva Leguminoseae
31 Grewia lenax Leguminoseae
32. Trifolissze repenr Leguminoseae
33, Mimora rabicanlis i Leguminoseae
34. Aeacia Senegal Leguminoseae
35. Albisia febbeck Leguminoseae
36. Prosopir cineraria Leguminoseae
37. Malvestraum coronsendalianuns Malvaceae

38. Fieus spp Moraceae

39. Olea cespidara QOleaceae

40. WNannorrbapr ritchieana Palimae

41, Echinochloa crus gall Poaceae

| EMC Pakistan
Private Limited
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Table 4.10: List of plant species and their Families found in Kohat Areas
Number {Species Name Family Name
42, Liragrostis atrovirens Poaceae

43, Panicunn antidotale Poaceae

44, Lepiochloa panice Poaceae

45, Typha spp. Poaceae s
406. Themeda anathers Poaceae

47, Digitaria decumberny Poaceae

48, Avristida funiclats Poaceae

49, Cynodon dactylon Poaceae

50, Deamostachya bipinnate Voaceae

51, Echinochloa fitsca Poaceae

52. Phragmiter karka Poaceue

53, Poa ania ' Poaceae

54 Saccharum spontencum . Poaceae

55. Pobwonun plebinm Polygonaceae

50. Platanus orienialis Platanaceae

57. Zisyphus fuinbe Rhiamnaceae

58. Zisyplus numemularia Rhamnaceae

59. Ratbar ellipticus Rosaceae

60, Rosa spp. Rosaceae

61, Salvadora oleoider Salvadoraceae
62 Dodenaca viscora Sapindaceae

63. I erbascum Thapsus Scrophulatiaceae
44 Bacopa monsier Scrophulatiaceae
65. Rhae cotinus Scrophulatiaceae
66. Solanum surattente Solanaceze

67. Datura innoxia Solanaceze

68, Myreine Africana Symplocaceae
69. Tamarise aplylla Tamaricaceae

70. Tamarix dioica Tamaticacese

71. Tamarix gakicn Tamaricaceae

72. Peeanum bermala Zygophyllaceae
73. Trilulis trrestrir Zygophyllaceae
Sovurce: ELA of Proposed Nastipa Developament Project: Chanda, Mela and Nashpa Developuent and
Production Leaseres by BEMC Pakistan, July 2014

Private Limited

Table 4.11: Dominant vegetation of Kohat area (using Line Transect and Quadtate Method)
Kohat Area
S.No. Plant Species Sitel Site 2 Site 3
Tanda Dam | Shakardara Rehmanabad
Trees
1 \Acacia modesta 1.5 3.5 2.1
2 \Acavia nilotica 2.1 2.6 3.4
3 Zisiphus mauritiana 1.3 1.9 0.4
4 Prosopis cineratia 2.4 3.8 3.2
5 Grewia gptiva 0.3 0 1.5
6 Olea caspidata 0.2 0 0.7
7 Ehretia aspara 1.6 0 0.8
8 Ziciphus jujube 3.2 3 1.9
9 Encalyptur spp. 2.6 Q 0
EMC Paldstan
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Table 4.11: Dominant vegetation of Kohat area (using Line Transect and Quadrate Method)
Kohat Area
S.No. Plant Species Sitel Site 2 Site 3
Tanda Dam Shakardara Rehmanabad
10 Platanur orienialis 1.7 0.2 0
Total Tree Cover 16.9 15 14
Shrubs .
11 usticia adbatoda 3.2 3.4 3.5
12 Buuxcus seppervirens 1.7 2.2 4.5
3 Carissa opaca 2.5 16 3.3
14 Ricinus conmmpnnis 3.4 1.4 0.5
15 Dadonaca viscore 3.7 6.5 3.4
16 Gymrmoiporea royleana 2.4 1.4 6.1
17 Jasminum ip. 7.2 1.8 0.3
18 Woadfordia fruticosa 4.6 0.6 4.8
19 Roebus ellipticur 2.9 1.2 0
20 Moyrsine Africana 0.3 2.8 3.4
Total Shrub Cover 31.9 37.3 29.8
21 Kanthinm stromoninm 1.1 3.0 1.8
22 Divitaria decumbens 4.2 35 27
23 Sityburz marianum 0.2 0.4 0.6
24 L_aiminm amplexicanle 1.9 0.0 (.5
25 Trifolium repens 1.2 0.4 : 0.0
26 Hetergpogon contortus 2.6 24 1.0
27 Calatropis procera 3.0 2.9 1.9
28 \Mimosa rubicanlis 3.5 1.2 : 2.4
29 Polygonum plebinm 2.0 1.2 0.2
30 Solanum surattense 1.0 1.9 0.5
31 Poa annvia 3.7 3.8 - 2.9
32 Savcharum shontenenn 0.9 1.8 1.2
33 \Artenisia scoparia 0.5 0.0 2.1
34 Ephedra gerardiana 1:6 0.6 2.8
Total Herb Cover 27.4 23.2 20.7
Total Plant Cover 76.2 75.5 64.5
Sonree: Ecological survey conducted in Kobat by EMC Pakistan foan in 2013

ohat District

Table 4.12: Flora found in K

Sascharnm Spontancum

Rhbagia stricia

EMC Pakistan
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Ziziphus nirmmntlaria ' Indigofera oblongifolia

Prosopic juliflora Echinaps achintes

1 EMC Pakistan
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Hhania coaouians

I

Calvtrapis procera Withanta coagulans 2
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Cappenis decidua Solannm siratiense

Vepetation samphing at the project site, Dansinmar vegelation is chiped Grass
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4.5.3

Opuncia app

Sowrve: Ecologieal Suriey somducted by EMC Pakistan for the project on 24 fey 17,

Fauna

Owing to the scattered vegetation cover and scarcity of surface water bodies, there is limited
avatlability of the habitats for the wild anirnals in the proposed project site. Therefore, the overall
diversity of wildlife is also low in these areas, while the avian fauna though dominant among animal
species include most of the seasonal visitors. Animal densities are high at locations where dense
patches of vegetation cover exist. However near the proposed project site there is little existence
of any such dense vegetation patch. Large pazt of land is barren hence the overall faunal diversity
is negligible at the proposed project site, At locations, near water bodies and the ridges tot the
castern side, where land use change has occurred such as settlements/villages or for. agriculture,
animal density is noticeably reduced. Catnivorous species like foxes, wolf, jackal and other wild
animals are not seen in because of their depleted habitat. Partridges, foxes, and wolf are reported
from the surrounding areas, specially the mountains to the other side ie. West of the Indus
highway, where deep inside the mountains, Grey Wolf; Leopard, Chinkara, Urial and other deer
species are present, this is also confitmed during interview with Mr Shabbir Bangash and staff in
visit to the District Kohat local Wildlife and forest department that the natural habitats are

shrinking in these areas, so the wild animals are not seen around areas of human intervention. .

The animals seen during the survey conducted by EMC Pakistan included common animal species
such as camel, horse donkeys, cattle, squirrels, reptiles including, lizards and toads. However there
is little dependence of the local population over the proposed project site for the grazing of their

Iivestock.
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4.6

4.7

4.7.1

Local Villagers Perception about Project

Most of the local people were in favour of any type of developmental activity in the surrounding
area of the said village. The village elders mentioned that the local community is very much
traditional in cultural norms and most of the decisions about any developmental activity ot project
15 endorsed Iy the community. The community’s main issue is rcpoi‘ted to be the lack of drinking
water. And quality of the subsoil water. There is no piped supply or any other water supply system
available in the area. The only source of the water is ground water, which is tradidonally made
available by the old dug wells. These dug wells are present in the deeper hilly adjoining areas among
small valleys and the lowing areas of the watershed; their depth is about 150 to 200 feet based on
the location. Besides the older dug-wells there is increasing need of the water access points with
the growing population. Mostly this need is fulfilied by the bores and small mbe wells but these
wells are deeper and the ground water table is depleting and the average depth is more than 300
feet, and in certain cases is as deep as 400-450 feet. The water availability is the main issue and the
price to access the water is also growing higher and higher. With increasing average depth of the
water a number of issues are rising, from the change in depth the cost of well is increasing
enormously which is beyond the access of the local poor community. Alongside the pricing of
water is based on cost of the well and-availabi]ity of the electricity or fuei cost as at some places

generators are used.

The other informants among the village representatives assured that the local population will
welcome and support any proposed project by the government and/or privet organization. These
projects are considered by the local communaity as employment opportunity and they expect from
the project some job opportunity, localized economic activity and may be some benefit to the
community Le. access to the portable drinking water and healthcare, Basic and utmost dire of the
local population is need of the drinking water supply system ot at least a water supply point

accessible to all local population within the outer boundary of the project area.

The survey included interviews with the local General Councillor “Mr. M. Sajideen” Moiz Ali Jan,
Represntative Local council, and Musalli Khan retd, Army person. Their point of view regarding
water quality and scarcity was same. Also the local population indicated that the sewerage and waste
water drainage is not appropriate in all of these local populations from Lachi to Mesam Khel, and
Muigheen. . '

Socio-Econamic Environment

This section deals with tle socio-economic characteristics of the areas assoctated with Solar Power
Plant at Kohat. It provides with the details of existing social and demographical aspects of the

project area.
District Kohat

District Kohat is located at the eastern belt of Khyber Pakhtunkhwa adjoining Punjab. It has an
area of about 2,545 sq km. It is bounded by Kohat at its north, Orakazai Agency at northwest,
Hangu District at southwest, District Karak at it south and Punjab provincial boundary at its east
and southeast, Kohat city is the capital of the District.
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Figure 4.16: Map of Kohat
Source; OCHA Pakistan

History

Kohat was a part of Afghanistan between 16th to 18% centuries but in eatly part of 19th century it
was taken over by the Sikh and by mid-century was annexed under British domain along with the
rest of Punjab. Afridi, Khatak, Orakazai and Bangash are the three centuries old tribes inhabiting

the District. The main language of the District is Pashto.
Population

According to Bureau of Statistics, Planning and Development Department, Government of
Khyber Pakhtunkhwa repost 2016, the population of Kohat District according to the 1998 census
was 562,644 with the annual growth rate of 3.25%. The sex ratio was 101 males per hundred
females. The estimated population for Kohat District for the year 2015-16 is 1.01 million and the

estimated ratio of male to females is 1:0.9.
Administrative Setup

Like other Districts in the province, District Kohat is headed by District coordination officer
(DCO) assisting the Divisional commissioner and is accountable to him, The DCO is appointed
by the provincial government from the Federal ot Provincial civil service. The DCO coordinates
with Executive district officers (EDOs), who head each of the District offices including healths,

¢ Health Facility Assessment — Khyber Pakhtunkhwa District Kohat by Technical Resource Facility (2012)
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4,7.5

Water Availability

Presently the conununity of District IKohat is facing scarcity of drinking water in urban and rural
localities, however the shortage is not as swear as in case of other districts. In tnost of the areas
ground water of good quality has been reported by the community, however the quantity of water
1s insufficient in some areas. The issue got worst after the flood in year 201Q; the major reasons for

paucity of drnking water are enlisted here under:

*  Damage of water sources and existing water supply networks;
s Increase in water demand, due to emergence of IDPs;

*  Natural increase i population;

s Water rights for certain comrmunities

s Fffect on water tables in flood affected areas

* Contamination at water sources

* Land owner ship and administrative issues

®  Less coverage of line departments due financial constraints

The above mentioned factors are of vital importance, while analyzing the data and proposing the
interventions regarding water supply system in Kohat. It is important to note that the more than
50% of population is receiving water at door step, therefore a proper system. of water supply
network exists in the project area. Majority of the ateas are under administrative contro] of PHED,

therefore maintenance and operation is not directly related to community.

The most commonly used water sources in the project area are tube wells with proper distribution
piped system. As reported 50.3% population is served by water distribution lines and second most
used source is tube wells/boreholes i.e. 26.4%, then comes the category of public tap/standpipe,
with 18.1%. Whereas, 6.5% population gét water from protected dug wells. The population relyihg
on unoperational water resource is only 0.3% of the surveyed population, who are forced to rely

on unoperational piped water, into dwellings’.

Table 4.13: Petcentage Distribution of Household by Source of Drinking Water for
Kohat '

Tap Water | Hand Pump II\)JUO;?; \?{/:ﬁ Others | Total
Kohat 26 17 30 6 21 100
Urban 44 10 32 6 8 100
Rural 21 18 30 0 24 100

Source: Pakistan Social and umg Srandarde Measurenent Survey (2074-15)

Map showing the district wise inproved drinking water situation in Khyber Pakhtunkhwa province
is given below.

7 WASH Need Assessment for 6 District under Unicef — Interventon Report Kohat (2004)
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Figure 4.17: District Wise Itnproved Drinking Water Coverage for Khyber Pakhtunkhwa
Source: Pakistan Social and Living Standards Measurement Survey (2014-15)

4.7.6 Potable Water

As can be seen from the figure above, the amount of improved drinking water in Kohat District is
57%. The amount of potable water in the district must be enhanced as the improved drinking water

percentage in Abbotabad, Bannu and Haripur districts is greater than that in Kohat District.

A study conducted by Hamid Igbal, Muhammad Ishfaqg, et al. (20138 examines the Physico- .
chemical properties of water resources like Storage tank, Tube well and Tap ﬁvater, collected at
sampling poiﬁts of Shakardara, Lachi and Kohat city in the district. Results are summarized in the

figures and table below,

8 Physicb-Chemical Analysis of Drinking Water in District ohat, Khyber Pakhtunkhwa, Pakistan by Hamid Iqbal,
Muhammad Ishfaq, et al. International Journal of Basic Medical Sciences and Pharmacy, Vol. 3, No. 2, Dec 2013

: EMC Pakistan
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Figure 4.20: Level of mineral elements in Kohat Water Samples
Table 4.34: Various Physico-chemical parameters of water samples of Kohat
Location Source Temperature (°C) | pH EC (pS/cem)
Storage tank 25.8 8.4 760
Shakardara Tube well 26.3 8.3 970
‘ Tap water 28.6 8.5 2300
Lachi Storage tank 26.5 8.2 546
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Table 4.14: Various Physico-chemical parameters of water samples of Kohat

Location Source Temperature (°C) | pH EC (p8/cm)
Tube well 26.9 8.1 595
Tap water 27.1 1.9 885
Storage tank 24.2 8.0 345
Kohat City Tube well 24.0 83 385
Tap water 24.4 8.2 490

Source: Physica-Clemical Anatysis of Drinking Walter in Disirict Kohat, Kyher Pakbinnkima, Pakitan by
Hamid lgbal, Mubhammad Lsjag, et al. International Journal of Basie Medical Sciences and Pharmacy, 17l 3,
No. 2, Dec 2013

4.7.7 Sanitary Waste Disposal

The majority of the residents of Kohat have fair latrine facilities and sanitary waste disposal is
carried out. According to the Pakistan-Social and Living Standards Measurement Survey (2014-15},
70% of the households in Kohat District have a flush toilet. Detatled statistics are given in the table

below.

Table 4.15: Percentage Distribution of Household by Type of Toilet

_ Flush Non Flush | No Toilet
Kohat ' 65 22 13
Urban ' 96 ' 3 1
Rural : 56 . 27 i7.

Source: Pakistan Social and Living Standards Meaunrensent Survey (2014-15)

KHYBER PAKHTUNKHWA
SHOWING DISTRICTS
FLUSH
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Figure 4.21: District Wise Distribution of Flush Tailet in Khyber Pakhtunkhwa
Source: Pakistan Social and Living Standards Measurement Survey (2014-15)
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4.7.8

4.7.9

4.7.10

4.7.11

The mapr above shows the percentage of flush toilets in each district of Khyber Pakhtunkhwa, As
can be seen from the map, Kohat District 15 among the districts with moderate percentage of flush

toilets {65%} in the Khyber Pakhtunkhwa province.
Electricity

Total numbet of electricity connections in Kohat district is 109618, as of 2014-15. This include
106532 domestic/ commercial, 1218 industrial, 1758 irrigational and 85 bulk electricity
connections. About 1042 villages across the district have been electrified. Total electricity

consumption in the district is estimated to be 453.59 Million kilowatt hours (kWh),
Transport Infrastructure

District Kohat is linked by road and railway with other districts. Indas highway (N55) which is a
1,264 km long four lane national highway, connecting Karacly and Peshawar, passes through the
district. Other major roads in the district are Rawalpindi-Jand-KKohat Road (N80), Bannu Road,
Kohat-Hangu Road and Bannu-Kohat Road. Total length of roads in the district was 516.170 km,
as of 2013-14. 1t includes 364.7 km of high type roads and 151.47 km of low type roads. Railway

line exists to Rawalpindi however as of 2016, there were no regular train services to district Kohat.
Education Profile

Literacy situation in the Kohat district is summed up in the table below;

Table 4.16: Literacy rate in Kohat District (age 10 years and above)

Unit - | Literacy Rate (1998 Census) - Literacy Rate (estimated 2014-15)
Male ] 65 : 174

Female 23.48 33

Total 44.06 52

Source: Tmportant Distriet-Wise Socio-Eleonomic Indicators of KPK 2018, Burean of Statistics, GoKPK

Profile of types of educational institutions, along with the respective enrolment and available
teaching staff is summarized below,

Table 4.17;: Profile of Educational Institutions in the Kohat District
Entolment Teaching Staff
Unit Total Institutions Total Male Female -
) | ()

Primary 657 103511 | 61 39 2371
Middle 81 6816 63 37 458
High 74 23758 66 34 932
Higher Secondary | 17 11887 67 133 433
Degree Colleges 4 1347 35 45 83
Post Grad. Colleges | 2 1205 18 82 144
Source: Important District-Wise Socio-Eeonomic Indicators of KPK 2076, Bureaw of Statistics, GoKPK

Health Profile

There are about 45 health institutions in the district, as of 2015, This includes 5 hospitals, 10
dispensaries, 5 Rural Health Centers (RHCs), 20 Basic Health Units (BHUs) and 2 Mother Child
Health Centers (MCHC). Population per health institution is estimated to be 21,420, There are
total 613 beds in the hospitals and dispénsaries. Population per available bed is 1,916. There are

123 doctors and 102 nurses in the health institutions. There are 6 dental surgeons in the district.

m
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4.7.12

Population served per doctor 1s estimated to be 7,837, Additionally, there ate about 12§ private

medical practitioners in the district?.
Industrial and Mining Sector

There are about 25 industrial units in Kohat, out of which, 21 units are in operation, as of 2014-
15. There are about 4,785 people employed in these industrial units. Several minerals are also

produced in the district. Their production as of 2014-15, i1s sumumarized below!?;

4.7.13

4,7.14

‘Table 4,18; Minerals Production in Kohat
S. No | Type of Minerals Production (Tonnes)
1 Coal G0
2 Gypsum 76,551
3 Lime stone 2,088,954
4 Shale clay 450,074
Sonrce: Tnuportant District-Wise Socio-Eeonomic Indicators of KPK 2016, Burean of Statistics, GeKPK

Agriculture and Livestock

Total cultivated area of Kohat is 90,000 hectares. About 18,280 hectares of land is irrigated.
Cropped area is estimated to be 85,000 hectares and forest area comprises of 72,000 hectares. Land
use intensity is 83.3% and the cropping intensity is 123.54%. There are total 1,082 tractors available

for agriculture in the district.

Production statistics of various crops is given below;

Table 4.19: Agricultural Production in Kohat

S.No Crop/Cultivation Area (Hectares) PdelLT;l:)(OOO
1 Wheat 37.58 70.23

2 Maize 40.05 56.87

3 - Vegetables | 0.13 2.53

5 Sugarcane 0.11 3.53

6 Fruits 1.10 8.09

7 Onion 0.01 0.04

8 Gatlic 0.33 347

Source: Inmportant Distrier-Wise Sovio-Bronomic Indicators of KPK 2016, Burear of Siatistics, GeKPK

Major livestock of the district are Cattle, Buffalos, Sheep, Goats and Asses.
Irrigatio-n and'Draihage Systems

The district is irrigated mainly by canals, tanks, tube wells, wells and left pump. Total canal irrigated
area is 18,275 hectares. Arear irrigated By government and private canals totals 7,043 hectares. Area
irrigated by tube wells is 1,588 hectares while 1,508 hectares is irrigated by wells in the district.
Thete were about 1,758 electricity connections given for the irgation purpose in the district in
2(12-131,

¥ Important District-Wise Socio-Economic Indicators of KPK 2016, Bureau of Statistics, GoKPK

10 jbid.

't Development Statistics KPIC 2016, Bureau of Statistics, GoKPIC
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4.7.15 Occupation

District Kohat is blessed with a hardworking community. According to 1998 census, 59,731 people
were employed in the district. About 15,882 people were employed in agriculture, 5,807 in
construction, 298 in utilites, 503 in financing, 2,127 in manufacturing, 5,085 in transport and 8,090

in whole sale. About 2,610 people were employed as clerks!™
4.7.16 Poverty

According the Pakistan Poverty Survey, conducted in 2010-2011 under Benazir Income Support
Program, Kohat is declared as a Poor district with 32.97% of its population lives below poverty

line.
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Chapter 5. Potential Environn‘iental impacts and Mitigation

5.1

5.1.1

Measures

Introduction

The proposed project may have impact on the environment dusing construction & operation
phases. During the construction phase, the impacts may be regarded as temporary of short-term;
while long-term impacts may be observed during the operation stage. Spatially, the impacts have

been assessed over the study area of 2 km radius from the project site.

Solar energy systems provide significant environmental benefits in comparison to the conventional

energy sources, thus contributing to the sustainable development of human activities.

"The project has overall positive impacts by providing a competitive, cost-effective, pollution free
reliable mode of Solar PV power. It will certainly meet the ever-increasing demand of power and

to bridge the gap between demand and supply of power.
Methodology for Impact Assessment

Potential environmental impacts of the proposed 50 MW Solar PV Power Plant Project on
different features of micro and macro-environment pertain to construction and operation and
maintenance {O&M).

A systematic strategy was developed to provide an assessment of the likely impacts on the micro

and macro environment of the project site. The strategy included:
® Identification of potential environmental impacts by conducting surveys;

* Assessment of the intensity and significance of potential impacts by obtaining expert opinion

and carrying out environmental analysis;
»  Defining mitigation measures to reduce impacts to as Jow as practicable;

*  Predicting any residual impacts, including all long-term and short-term, direct and indirect, and

beneficial and adverse impacts;
+  Monitoring of residual impacts

NEQS were used for the verification of permissible levels of environmental parameters during

‘project op'eration and environmental indicators were used for the classification of the site with

respect to its pollution status, soil, and ecology including fauna, flora and wildlife, historical and

archaeological sites.

The environmental aspects of the project were identified by situation analysis related to present
land use, waste, notse and other forms of nuisance during construction at site, air pollution due to

fugitive dust emission and operation of equipment duting construction.

Site Visits have been carried out prior to proceeding with impact assessment and objective of

carrying out site visits is:

* To assess environmental and social status of the project site. This will involve physical survey

and visits to the site.

s EMC Pakistan
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5.2

¢ To develop an understanding of the history of the site, the facility, and the surrounding

properties to understand whether there might be historic contamination, or community issues.
* To check sensitivity of the site by checking any protected areas and cultural heritage sites.

* To check the socio-economic settings in and around the site and assess the impact of the

project to them. .
* To identify types of pollution sources, wherte and how to mitigate them.

Assessment of impact of different activities during construction, and operation of the proposed
Solar Power plant has been undertaken. The entire screening procedure was designed in such a
way to provide a complete assessment of the impacts on the macro-environment and
microenvironment of the project.

Potential Impact Generation Activities

The construction and O&M phase of the proposed project comprises various activities each of

which may have an impact on environmental parameters,

During the construction phase, the following activities may have impacts on environment:
»  Site Clearance

» Minor excavation and levelling

* DBuilding and construction of Site Office and boundary walls (Civil works)

¢ Hauling of earth matetials

¢ Generaton of inter waste duting construction

*  Generation of Hazardous waste during O&M phase

*  Welding of Frameworks

s Landscaping

Construction wotk will involve site clearance and bushes removal; masonry works for construction
of site offices, minor excavation, concreting for the platforms of panels etc. All these activities

attribute to minor dust pollution which will be Jocalized to the site boundaries.

Mechanical erection work involves use of mechanical equipment for erection of Solar PV panels,
erection of transformers, electrification/cabling and on-site fabrication work. These activities may
generate some noise pollution. The electrical activities are less polluting in general. Potential
Impacts and Mitigation Measures (for construction and O&M phase) are given in the following

section.
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5.3
5.3.1

5.3.2

53.3

5.3.4

5.4

Impacts due to Project Siting
Encroachment on Precious Ecology
Incursion inio Protected Areas

Project area does not lie inside or adjacent to protected area or buffer zone of protected area. In
] - N . - - . . .
addition, no special area for protecting biodiversity is found, No Ramsar sites are found within the

study area.

Loss_of Forests

No areas of primary forest are found within or adjacent to the proposed project site. There is some
vegetation at the project site that will be removed during site clearance, and will be replanted in the
ratio of 1:5 for the case of mature tree, and in the ratio of 1:3 for the case of small tree after

completion of the project.

Impact on Fauna

No major faunal specie was found duting the site visit. Few small holes of rodents and a few birds

were spotted.

Incursion into Wetlands

No wetlands are found near the project area so no incursion is envisaged.

Encroachment on Historical/Cultural/Archaeoclogical Sites

There is no archacological site in the close vicinity of the project area.

Land Acquisition

The project site is already acquited by the proponent; the project therefore involves no land
acquisition.

Temporary Construction Camps and Facilities including Batching Plants
Following measures will be adopted to mitigate the related impacts;

® Should be located at appropriate distance from settiements.

* Should not be located in environmentally sénsidve areas.

» Should have adequate drainage and not be subject to flooding.

s  Should not be within 100 m of any domestic or public water sources.

As construction activities will be mainly confined to the project site only for a short duration, hence
the impact due to Temporary Construction Camps during construction and development phase is

minor.

Impact during Construction Phase

The environmental impact duting construction phase is localized and short term and of low

magnitude.

¢l EMC Pakistan

Private Limited
92



S

Initial Envitonmental Examination (IEE) Study
B0MNY Solar PV Power Plant

54.1

Impact is primarily related to the civil works and some intensive impact due to erection of the

equipment. The details of the activides and probable impact are brought out in table below:

‘Table 5.1: Identification of activities and probable Impacts (Construction Phase)

: Eunutronment
Construciion Activitier . Probable Inpacic
Atribute P
Land - No permanent impact on land use 1s expected
- . - No impact due to rehabilitation and resettlement
Land Acquisition Socio . .
. issue is expected as land has already been
ECONOMICS
purchased and belongs to proponent.
- Fugitive dust emission
Site clea d Air - Air emissions from construction equipment and
L;te};cm(ng:gl : machinery '
velling (cuttin - : :
cng & Water - Runoff from construction campsite
stripping, earth Tand L [ ]
movermetlt, Compaction) an - 1088 01 1op 50 .
- There will be some loss of vegetation at the
Ecology o
Jproject site
Air - Air emissions from vehicles

- Fugitive dust emissions due to traffic movement

Transportation and

storage of construction Water - Runoff from storage areas of construction

materials/equipment . material
Public - Increased flow of traffic
utilities
. . . - Air emissions from construction machinery
Civil construction A o . .
L - DPugittve dust emission
activiges - * ;

Water - Runoff from construction areas

Mech. And Elec, Air - Air emissions from machines/activities

Erection activities
Socio - Employment opportunities shall increase

economic
Influx of labour Land - Change in land use pattern of the area
, - Sanitary effluents from office and labour
 Water .
accommodation :
- Air emission from transport vehicles
, - - Pugitive dust emissions due to movement of
Transportation and Alr traffic
disposal of construction ) . .. ) .

posal debris - Spillage and fugitive emissions of debris materials

Water - Runoff from disposal areas

Soil - No conversion of land into waste land
Impact on Land Use

The land required for the proposed expansion project will be about 284 acres which is already
acquired by the proponent. The construction activities attract few construction workers likely to
be associated with construction of temporary campsite, having an effect on land use pattesn of the
areas surrounding the project. However, this impact is envisaged to be insignificant due to

following reasons.
¢ Temporary labor campsite shall be situated in the areas already acquired for the project.

* Itwill be cnly a temporary change (restricted to construction period). After construction phase,

the areas acquired by labor campsite shall be restored to its original contours.
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5.4.2

5.4.3

5.4.4

- 5.4.5

The Project will generate employment opportunities for the local population in addition to indirect
job opportunities created outside the project boundary. The Project will improve the basic
infrastructure and the people of nearby villages will use these amenities. Proponent would like to
give priority to the skilled, unskilled labor of the neatby villages. Overall, it is anticipated that there '
will be marginal impacts on the socio-economic conditions of the locality and the impact will be

mostly positive.
Impact on Scil Cover

As the construction activities for the main plant units of project would be confined in the
wasteland, the impact on soil will be minimal and confined, Only cutting and filling is required
during site clearance. The construction activities result in loss of some vegetation (mainly shiubs).
No adverse impact on soil in the surrounding area is anticipated. Completion of excavation and
foundation work in limited time schedule would also reduce / mintmize the chances of soil erosion.

No impact on the soil will occur during construction activities.
Impact of Solid Waste

Solid waste during the construction phase consists primarily of scrapped building materials, excess
concrete and cement, rejected components and materials, packing and shipping materials (pallets,
crates, Styrofoam, plastics etc.) and human waste. During the construction, there will be generation
of garbage, for which designated practices of solid waste disposal shall be followed as mentioned
in Section 6 of EMP.

Air Emissions

As the proposed project is Solar PV Project, the impact during construction of it is expected to be

minitmal as a Greenfield Project.

Particulate matter in the form of dust would be the predominant pollutant affecting the air quality
duting the construction phase. Dust will be generated mainly during civil works of site offices,
hauling operations along with transportation activities. However, barricading of work area wiil

prevent the dust due to construction activites going outside the project area.

The main source of gaseous emission during the constructon phase is the running of equipment
and vehicles at site. Equipment deployed during the construction phase is also likely to result in
marginal increase in the levels of SO2, NOX, and particulate matter. The impact is reversible,

marginal and temporary in nature and lasts during construction activity.
Impact

The major noise generating sources during the consttuction phase are vehicular traffic,
construction equipment like dozer, scrapers, concrete mixers, generators, pumps, COMpressors etc.

"The operation of this equipment will generate noise ranging between 75 — 90 dB (A).

To minimize the impact on nearby communities, construction schedules have been optimized. In
addition, the noise level is substantially lower near the plant boundary due to attenuation caused
over the distance. Overall, the impact of generated noise on the environment duting constructon

period is insignificant, reversible and localized in nature.
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5.4.6

5.4.7

5.4.8

Impact on Water Environment

The construction personnel would be housed in campsite. The campsite would discharge
considerable amount of domestic wastewater, Stagnant pools of water would increase breeding of
mosquitoes and generally create insanitary conditions. Contractor will provide Soak pit with a depth
of 2 meter to dispose liquid waste so that such witers do not form stagnant pools nor aggravate
soil erosion. The main pollutants are organic components and microorganisms with the potential
to cause contamination of water quality. To address potential impacts on water quality, disinfected

latrines {e.g., through regular liming) will be used as main component of the sanitation system.

Censtruction processes include fabrication of concrete and related water usage. Wastewater from
construction activities would mostly contain suspended impurities. The wastewater will be arrested
before discharge, to preveat solids buiidup in the existing canal. Thus, the construction site
wastewaters would be led to sedimentation basins, allowing a hydraulic retention time of 1 2 to 2
hours, where excess suspended solids would be settled out and relatively clear supematant would
be discharged. Generally, Surface run-off water is not there in dry months during construction. In
additon, since the area 1s semi-arid, there will not be any considerable surface runoff as it shall be
lost due to evaporative losses. However, duting monsoon, sutface run-off including effluents may

cause load of suspended solids.

Ecological Impact

There is some vegetation at the project site which will need to be removed during site clearance.
The impact of the construction activities would be primarily confined to the project site. The flora
species removed during project construction will be replanted in the ratio of 1:5 in the case of

mature tree, and 1:3 in the case of small tree after completion of the project.

Occupational Health and Safety

The construction of civil works such as construction of site office and lying of panels poses an
inherent risk of injury to workers from accidents and hazardous working environments, To mitigate

these potential impacts:

Prior to the commencement of civil works the EHS specialists will develop a construction phase
Occupational Health and Safety Plan (OHSP). The OHSP should:

o identify and minimize, so far as reasomably practicable, the causes of potential hazards to

workers, including communicable diseases such as HIV/AIDS and vector borne diseases;

* provide preventive and protective measures, including modification, substitution, or
elimination of hazardous conditions, with particular attention to live power lines, working

above water, high noise levels, and exposure to chemicals;

¢ provide measures for the management and appropriate disposal of hazardous wastes to ensure

protection of the wotkforce and the prevention and control of releases and accidents;

s provide for the provision of appropriate fire extinguishers- and fire response plans and

appropriately trained first aid response staff;

o
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5.4.10

55

¢ provide for the provision of appropriately stocked first-aid equipment and stations at both
work sites including appropriately trained first-aid staff on site and provision of adequate

transport faclities for moving injured persons to the nearest hospital;

¢ provide for the provision of appropriate persenal protective equipment (PPE) to minimize
risks, such as but not limited to appropriate (insulated if necessary) outerwear, boots and

gloves; eye protectors; ear plugs safety helmets, etc,;

*  provide training for workers, and establish appropriate incentives to use and comply with

health and safety procedures and utilize PPE;

¢ include procedures for documenting and reporting occupational, accidents, -diseases, and

incidents; and
* include emergency prevention, preparedness, and response arrangements in place.
With the development of an effective OHSP, occupational health and safety risks can be
migitmized.
Heat Stress to Construction Worker

There will be a very likely impact of sunlight causing Heat stress to construction worker duting

SUNUNEL SCASON.

To mitigate the impact of heat stress the following measures are proposed:
¢ Provide cold refuge to the worker

¢ Provide plenty of drinking water

*  Break the working in shifts

Improvement of Access Routes into Project Target Areas

The construction of access roads for motorized, non-motorized and paved walkways will improve
the aesthetics of the project area. Since the construction of roads will be built to the required
standards, incidents of emergency vehicles not being able to access areas of distress will be
minimized. Depending on the extent of paving, soil erosion and dust in the areas will be reduced,

hence reduction in respiratory diseases that are brought about by dust.

Impact during Operation and Maintenance (O&M)

During their normal operation PV systems emit no gaseous ot liquid pollutants, and no radicactive

substances.

Various activities of O&M phase and their probable impacts on various sectors of environment

are presented in table below.

Table 5.2: Identification of activities and probable Impacts (O&M)

Q&M Activities Sector Probable Impacts
- Air emissions from vehicles
Transportation Air | - Fugitive dust emissions due to traffic
movement
EMC Pakistan
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5.5.1

5.5.2

5.5.3

Table 5.2: Identification of activities and probable Impacts (O&M)

Q&M Activities Sectot Probable Impacts

. - Effluents from oil storage areas and
Water
transformers

. ) , - Generation of wastewater due 1o PV cleaning
Water treatment of various uses | Water :
modules

Water | - Generation of effluents containing oil

Operation of transformers and ) T )
, - Soil contamination due to spillage of
switchyard Land

transformer oils and PCBs

Impact on Land Use

The site, after completion of its development, would consist of built structure of solar panels,
landscaped to give a pleasing outlook. Following the construction phase, the temporarily modified
land use pattern, such as construction of temporary tents to accommodate some construction
personnel will be totally removed during the operation stage. Land released from the construction

activities would be put to economic and aesthetic use to hasten recovery from adverse impacts.
Impact on Soil Cover

In the case of CIS and CdTe modules, which include small quantities of toxic substances, there is
a potential slight sisk that a fire in an array might cause small amounts of these chemicals to be

released into the environment (Various, 1996).

In large-scale central plants a release of these hazardous materials might occur as a result of
abnormal plant operations and it could pose a small risk to public and occupational health. Thus
there must be emergency preparedness and response in case of an acddental fire or exposure to
heat. Emissions to soil and groundwater may occur due to inadequate storage of materials
(OECD/IEA, 1998).

Oil, Fuel Spills, and Dangerous Goods

Transformer oil has a long life, typically more than 15 years depending on the level of load the
transformer serves. Transformer oil spills are rare and can be avoided through rontine maintenance

and good practices. No significant impacts from oily residues such as transformer oil and lubricants

are expected to occur during Project operation.

Nonetheless, to avoid inappropriate disposal of transformer oil or accidental releases of other

chemicals, fuels and oils, the following mitigation measures will be adopted:

¢ All transformers will be equipped with spill containment berms in accordance with relevant

national standards.

s A transformer maintenance schedule will be developed and transformer oils will be monitored

on a regular basis,

*  Chemicals and oils should be stored in secure designated areas with permmanent impermeable

bunds at distance of at least 100 m from any watercourse.
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5.5.4

5.5.5

¢ Transformer oil will be supplied in drums from an mmported source and tap tanks will be

topped up as necessary at the above noted secure designated areas.

* Refueling of machinery, equipment and vehicles should be undertaken at distance of at least

100 m from any watercourse such as canal.

¢ Any major work including oil changing and engine mairienance with the potental for oil to
be spilled will be done in designated areas at distance of at least 100 m from any watercourse

and with containment to prevent any oil spills washing away.

¢ ‘Transformer oil will be recycled if local facilities allow. Oil to be recycled should only be stored

temporarily in designated areas.

* Contaminated residues and waste 6ily residues should be incinerated through Waste

managemcnt contractor.

*  Anemergency spill response plan will be established and staff will be trained on spill response

procedures,

Waste Management

To deal with sisks associated with the storage, handling and disposal of hazardous materials such

as transformer oils and Polychlorinated biphenyls (PCBs):

1. For new installations restrictions on the use of PCBs will be included as a requirement in the

design and bidding contract documents.

. For replacement (upgrading) of existing transformers, transformer oil will be removed prior
to transportation, tested and either reused or taken for recycling at designated recycling
facilities, if available, or for disposal at designated waste disposal facilities if recycling is not
available.

i, All transformers will be equipped with suitably sized impervious spill containment berms made

of precast and reinforced concrete in accordance with relevant national standards.

Soil from excavation for the transformer bases will be only 2 minor impact since the volume of
soil excavated is a very small. Other construction wastes will also be minimal. Soil will be reused
to the extent possible and appropriate soil and waste disposal will be a requirement in the design

and bidding contract documents.
Use of Poly Chlorinated Biphenyls and Sulfur Hexafluoride

PCBs have historically been widely used as an insulating material in capacitors and transformers
due to their high heat capacity, low flammability and low electrical conductivity. However, PCBs
are non-biodegradable, toxic and have carcinogenic tendencies, and the United States Congress
banned PCB production in 1979 and by the Stockholm Convention on Persistent Organic
Pollutants in 2001,

To mitigate potential impacts with respect to PCBs and to comply with international comumitments:

¢ Transformers using PCBs should be banned the purchase of, and no PCBs will be utilized in

the Project.
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5.5.6

557

5.5.8

5.5.9

¢ Proponent will obtain confinmations from suppliers at the time of bid offers that transformers
will be free from the PCBs.

Sulfur hexafluoride (SF) is an inorganic, colotless, odotless, non-flanumable widely used insulating
gas. However, SFs is also a potent greenhouse gas (GHG), having a global warming potential of
23,900 times greater than COa (100 year ime horizon), To minimize potential releases of this
GHG: ’

¢ Emission of SF; will he controlled by adopting good international practices for the use and
handling of SFy, including leak detection and repair, recycling of equipment, and training of

employees on good practces.
Air and Noise Impact

The Solar PV energy is a clean energy and does not emit air pollutants and soise. Therefore, there

will be no impact of air and noise during O&M phase.

Impact on Water Environment

Impact on Groundwater

No ground water due to plant eperation will be drawn during operation phase for any purpose. So
lowering of groundwater table will not be an issue. In addition, Rainwater Harvesting will be

implemented at proposed plant to conserve storm water and help in recharge of ground water.

Impact on Surface Water

There shall be minimal discharge of wastewater from cleaning of Solar PV modules. The
wastewater emanating from cleaning operations shall be recycled for plantation and greenbelt
development around the plant. The rest of the wastewater will be deposited in rainwater harvesting

pond.

Only sanitary waste from site office will be generated that will be routed to a septic tank before

discharge.

Terrestrial Ecology

There is no sensttive ecological area / protected forest area such as national wildlife park, bird
sanctuary crossing the proposed route alignment. The removal of herbaceous vegetation from the
soil and loosening of the top secil generally causes soil erosion. However, such impacts would be
primarily confined to the project site during initial periods of the construction phase and would be
minimized through adoption of mitigation measuses like paving and surface treatment and water

sprinkling,
Clean Energy Generation

In response to international commitments as agreed to by the Pakistani government for the
reduction of atmospheric greenhouse gas emissions, the proposed.Kohat Solar project facility
contributes to this goal. A mix of energy sources including wind, solar, hydro, wave and biogas

form some of the identified areas of opportunity for energy capture in Pakistan.
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In line with commitments to reduce greenhouse gas emissions, Pakistan’s largest contibuting
sector, the energy sector, is taking steps to address this need. As a result, a transformation program
is currently being employed to diversity to energy mix, to reduce a current dependency on fossil

fuel dertved electricity.

The proponent intends to see the contribution and feed-in of clean energy into the Pakistan Power
national grid. It is through development of Kohat Solar Power (50 MW) plant that the proponent

shall contribute to this goal.

56  Social Impact
5.6.1 Traffic Congestion
No overburden on the local transportation system is envisaged due to the proposed Project.

5.6.2 Llabor Influence

Construction Phase

During construction activities, there will be an influx of labor from outside of local area. This will
have an effect on social fabrics of the areas surrounding the project. However, this impact is

envisaged to be insignificant due to the following reasons:

* Local population will be preferred for the skilled and unskilled jobs duting construction and
O&M. '

* Temporary labor accommodations shall be situated in the areas already acquired for the
project.
* Itwillbe only a temporary change (restricted to construction period). After construction phase,

the areas acquited by labor campsite shall be reverted back similar to pre-construction stage

Proponent has a Human Resources Policy, which specifies the terms of employment and working*
conditions and follows Pakistan Labor Law, All the employees will have access to the human

resources policy and procedures.

Most of the construction labor will be on contractual basis. Separate labor accommodations shall
be made within the plant premises for the construction labor. Therefore, conflict of the migrating
labor with locals, will not take place duﬁﬁg the constructon phase. Regarding monitoting of
diseases corresponding to labor influx, regular health status monitoring of labor will be carried out

operated by the proponent.

5.6.3 Change in Socio-economic Condition -

Employment: The project will generate employment opportunities for the Jocal population. Even
inditect job opportunities will be created outside the project boundary. Many people will find
employment in service sector and marketing of day-to-day needs viz. poultry and other agricultural
products. The project will improve the basic infrastructure and the people of nearby villages can

also use these amenities.

Proponent is working for the employment and skills training for the locals through following steps.
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¢ Trowvision in project contracts to provide priogity in employment

¢  Training for skills up-gradation

¢ Lfforts to employ educated unemployed youth

*  Overall, there will be marginal impact on the socio-economic condition of the locality and the

mmpact will be mostly positve.

Development of Infrastructure; The job opportunities in non-agricultural sector are likely to

increase. The installation of the power plant is expected to further increase the prospects by

bringing in direct and indirect employment opportunities.

As the project and consequent activities are expected to generate additional employment and

income opportunities for the local population, market expansion supported by infrastructural

development will foster economic growth in the area. Flow of reliable and adequate power from

the proposed plant will not only enhance growth in the region, but will also bring about a change

in energy consumption pattern by switching over from other sources of energy. This will ease off

burden on the existing biomass.

Table 5.3: Impact Assessment and Mitigation Rating

Dust Emission

1

All vehicles and machinery should be
routinely checked and maintained and
in good working order, and should be
in compliance with NEQS.

If the residents and pedestrians
complain about the dust and gas, the

Magnitude Magnitude
Ttem of Impact of adverse Mitigation Measutes of residual
impact impact
LPre-Construction (Siting) Phase
- Project area does not lie inside or
adjacent to protected aréa ot buffer
zone of protected area. Also no special
Encroachment on D area for protecting biodiversity is D
Protected Site found. No Ramsar-sites are found
within study area. Also no gazette
archeological sites are found near the
project area.
Land Acquisition D - 1ljmjc:ct site has already been acquired D
. Y proponent.
Temporasy - As construction activities will be mainly
Construction confined to the project site only for a
Camps and B- short duration, hence the impact due to D
Facilities Temporary Construction Camps during
including construction and development phase is
Batching Plants Minor.
Construction Phase
- The contractor should keep their
construction equipment propet
condition to avoid the imperfect
combustion. ‘
- To reduce the dust, periodical water
B spray should be taken. .
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‘Table 5.3; Impact Assessment and Mitigation Rating

Item of Impact

Magnitude
of adverse
impact

Mitigation Measures

Magnitude
of residual
impact

consultant of the supervision and
contractors should reconsider the
construction technique.

Ecological

B-

1

There is no major faunal specie in the
area, hence no significant impact on
fauna is expected.

There is some vegetation at the project
site which will need to be removed
during construction phase.

Waste

Construction sites should be equipped
with temporasy refuse bins, and
constiuction wastes should be collected
on a daily basis and contained in a
temporary designated waste storage
area.

Designated waste storage areas should
not be within 50 m radius of waterways.
At all construction sites chemicals and
oils should be stored in secure
designated areas with temporary
impermealle bunds at distance of at
least 100 m from any water course.

A Comprehensive Waste management
Plan for Construction phase should be
developed '

The environmental sutveys and analysis
should be conducted and being patt of
EMP. '

The consultant of supervision should
monitor the waste disposal,

- Noise and
vibrations

The proper work schedules should be
considered not to concentrate the
constraction equiptment at a certain
point for long time.

The contractor should keep their
construction equiptment in proper
conditon.

Construction activities with high noise
generation should be scheduled during
daytime only.

If the local people complain about
noise and vibiation, the consultant of
the supervision and the contractors.
should reconsider the construction
technique.

Working
conditions/
Occupational
Health and Safety

The construction personnel should be
provided with the necessary safety gears
such as protective hardhat.
Construction Camps should be
provided with appropriate sanitation
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Table 5.3;: Impact Assessment and Mitigation Rating

Ifem of Impact

Magnitude
of adverse
impact

Mitigation Measures

- Magnitude
of residual
impact

T

facilities, washing facilities, temporary
toilets, and waste containers.

Pests and rodents should be controlled
through good housekeeping and '
maintenance and the use of screens on
openings of structures intended for
occupancy or food service. Traps
should be used if necessary.

First-aid kits should be prepared within
the construction site office.

Common people should be restricted to
enter the construction site strictly.

Improvement of
Access Routes into
Project Target Areas

A+

No mitigation measures required.

A+

Operation Phase

Electrocution and
Induced Cutrents

1

Warning signs will be posted wherever
required.

Substations /transformers will be fenced
with gates, locks and security personnel.
Conducting objects {e.g. fences or other
metallic structures) installed near power
lines will be grounded to prevent shock.

Oils, Fuel Spills and
Dangerous Goods

All transformers will be equipped with
spill containment berms in accordance
with relevant national standards.

A transformer maintenance schedule
will be developed and transformer oils
will be monitored on 4 regular basis.
Chemicals and oils should be stored in
secure designated areas with permanent
impermeable bunds at distance of at
least 100 m from any watercourse.

Use of Poly
Chlorinated
Biphenyls and
Sulfur hexafluoride

Transformers using PCBs should be
banned the purchase of, and no PCBs
will be utilized in the Project.
Proponent will obtain confirmations
from suppliers at the titne of bid offers
that transformers will be free from the
PCBs.

Emission of SFg will be controlled by
adopting good international pracrices
for the use and handling of SF,
including leak detection and repair,
recycling of equipment, and training of
employees on good practices.

Operation and
Maintenance

The work safety plan shall be
established including mitigation
measures on soft aspects (safety
training, etc.} and hard aspect (provide
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Table 5.3: Impact Assessment and Mitigation Rating

< Eiffect is uniknown (as of preparatory survey phase).
D:  No et ir expested.

. Magnitude Magnitnde
Ttem of Impact of adverse Mitigation Measures of residual
impact impact
workers with appropriate protective
equipiment, etc.).
Clean Energy A No mitieati .
Generation o mitigation measures requires A+
Social Tnpact
- The project will generate employment
Employment At oppor"mn.ities .for the local population. |, .
Even indirect job oppaortunities will be
created outside the projéct boundary.
Rating Category
At Siouificant poxitive gffect is excpected.
A= Significant negative effect ir excpected
B+ Certain positive ¢ffect is excpected,
B Certain negative gffect is expected,
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Chapter 6. Environmental Management Plan

6.1

6.2

6.3

introduction

This chapter outlines the Environmental Management and Monitoring Plan (EMP) and defines
EMP for the proposed 50 MW Solar PV Power Plant at Lachi, District Kohat, IKPIC This EMP is
intended to cover the institutional arrangements required for the implementation of the plan along
with mitigation related to the environmental issue of the proposed project activity identified in the

previous section,

An Eaovironmental Management Plan (EMP) is a management tool that helps ensure that all
reasonable avoidable adverse impacts of a project’s pre-consttuction, construction, operation and
decommissioning phases are either mitigated or at best prevented, The main purpose of this EMP
will assist in ensuring continual improvement of environmental performance, reduction of negative

impacts and enhancement of positive effects duting all the stages of this project.

Objectives of EMP

This EMP provides the delivery mechanism to address the adverse environmental impacts of the
proposed project during its implementation, to enhance project benefits, and to introduce
standards of good practices to be adopted duting all project stages. The primary objectives of the
EMP are to:

»  Facilitate the implementation of the mitigation measures identified in this report;

s  Define the responsibilities of the project proponent, contractors and environmental issues

among therm;

¢ Define a monitoring mechanism and identify monitoring parameters in order to ensure

complete inplementation and effectiveness of identified mitigation measures; and

* Provide a mechanism for taking timely action in the face of unanticipated environmental or

social situations.

* Required equipment and human resources for environmental monitoring and meeting
contingency plan objectives are in place and personnel are trained to meet accidents and

emergencies

This EMP provides the delivery mechanism to address the adverse environmental impacts of the
proposed project during its implementation, to enhance project benefits, and to introduce

standards of good practices to be adopted during all project stages.

Scope of EMP

This Environmental Management Plan has provided detsiled stategy to be implemented for

achieving improved environmental performance in the following areas:
s  Environmental Management
s Water Usages and Disposal

* Recycling and Waste Management
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6.4

6.5

6.6

*  Pollution Prevention/Environmental Risk Assessment
*  Energy Management
s  Transport

s Community Awareness

Components of EMP

The EMP consists of the following components:
® Legislation and Guidelines

s Organizational Structure and Responsibiﬁﬁcé
+ Mitgation Plan

* Environmental Monitoring Plan

* Emergency Response and Contingency Plan
s  Commusication and Documentation

¢ Change Management

Legislation and Guidelines

The 50 MW Solar Power Project will ensure that the key project management officials and staff
and all its assigned and associated consultants and contractors are aware of these legislations and

guidelines prior to the start of the project activities.

IEE Regulation: The project will be conducted in conformance with IEE regulation and relevant
international conventions and that guidance is sought from national and international guidelines.

An independent monitoring consultant will be appointed for the project.

NEQS Requirements: The NEQS for industrial gaseous emissions, Motor Vehicle Emissions
and Noise levels, and Industrial and Municipal effiuents will be followed throughout the project

activities and operation.

IFC Guidelines: The IFC guidelines will be followed in all such cases where National guidelines
have not been proposed. The project designers need to know applicable bank requirements and
the environmental implications of their design choices.

Organizational Roles and Responsibilities

Proponent shall have its own Environmental Management System EMS to ensure the

implementation of EMP and Health and Safety Issues during construction and maintenance.

Its Project Manager will assume the environmental management responsibilities and his team

members during construction and operations phase to:

» Coordinate with relevant government departments
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6.7

6.8

¢ Identify and report changes in activities and services that may create new environmental

ﬂSpCCtS

» Collect and coordinate information regarding environmental aspects, and maintain records

related to environmental aspects and their irnpacts

* Dnsure construction work s carried out in an environmentally sound manner by the
Contractor by incorporating enviromnental compliance by appropriate provision in the

construction contract

EPC Contractor and their Sub-Contractor will ensure compliance with the environmental
management plan by way of training of construction crews in all aspects of implementation of
EMP.

EHS Plan

Will be provided by EPC Contractor.

EMS Committee

EPC contractor will establish an EHS commirtiee for the Project as the authority deparument which
setties for safety, occupational health and environment business during the course of project
duration period. EHS committee will strive to accomplish project objectives, applicable rules and
regulations of Pakistan, WB and TFC. )

EHS committee is composed of EPC contractor project manager, EHS Chief, EHS Assistant, chief
principals of all subcontractors and specialized departments. Project manager serves as the

chairman of EHS responsibilities for specific positions are described in the following subsections.

The EHS organizational framework is given below:

EHS Committee

Project Manager

EHS Chief
EHS Assistant
1
Subcontractor’s EHS Manager Subcontractor's EHS Manager
Competent Parson Competent Person
Figure 6.1. EHS Organogram
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6.9 Environmental Management Process

This EMP has been designed within the framework of requirement under Khyber Pakhtunlkliwa

Envirommental Protection Act 2014 on environmental aspects.

The mitigation measures to be adopted for the implementation of the proposed project include

the following;

e DBavirommesntal Management Plan

¢ Rainwater Harvesting

¢ Clean Development Mechanism

¢  Occupational Health and Safety

* Labor Working Conditions

s Construction Labor Management

»  Environmental Action and Monitoring Plan
s Community Development Plan

s Disaster Management Plan

This EMP table has been prepared and shown in Table 6.1 considering life cycle approach of the

project that proponent will own and operate.

6.9.1 Roles and Responsibilities

Project Manager

¢ Ensure adequate and suitable resources are allocated to the project to enable the project to be
completed, designating qualified persons to cooperate with business unit of the project while
complying fully with the requirements of this EHS Plan, and all applicable regulatory

requirements.

*  Ensure that any subcontractors have received a copy of this EHS plan before they submit 2

work plan at the jobsite.

Coordinate all EHS activities with owners and other subcontractor on the project site.

¢ Issue a work stoppage directive where conditions exist which are Immediately Dangerous to
Life ot Health IDLH) or damaging to the environment.

+  Suppott of participate in the investigation of all accidents and reportable occurrences
_ PP P p 7esngatior P

EHS Chief
¢ The EHS Chief will have overall responsibility for the environmental pérformance of the
project and will ensure that all operations comply with Environmental Policy and all relevant

regulatory requirements.

¢ Ensuring implementation of this project EHS plan and compliance with rules and regulations

of the Project to all personnel of contractot(s)/subcontractor(s) on site.
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Support or participate in the investigation of all accidents and reportable occurrences in order
to identify the root causes and take corrective and preventive actions aimed at preventing the

occurrence of similar events.

Ensure adequate facilities, procedures and trained personnel are available for all foreseeable

emergencies.
Where applicable, ensure periodical EHS Inspections are conducted and keep document.

Attend Owner/Contractor/Subcontractor’s weekly EHS meetings, artange EHS work of next

week.

s Conduct site internal Audits and Assessment among subcontractors, in accordance with the
contract and environment management plan.

* Be responsible for the safety and health of EPC staff, and provide necessaty training and
personal protective equipment to them

EHS Assistant

s Draft the Site EHS plan and assist the EHS Chief in implementing the Site EHS Plan.

* . Ensure implementation of the provisions of the project, including training, development and
revision of procedures, and periodic auditing of program comphliance.

¢ Attend Owner / Contractor / Subcontractor’s weekly EHS meetings, arrange EHS work of
next week, complete memo of meeting for later reference.

¢ Conduct, or assist with conducting accident investigations, analyzing causes, and formulating
recommendations for cotrective/ preventative actions.

* Liaise with owner, contractor and Subcontractors, health medical services, local fire and police
departments, and local regulatory agencies on EHS related matters.

*  Verify that all the EHS defects related to subcontractors are rectified and completed according
to the owners’ requirement.

®  Verify that EPC and each contractor/subcontractor is providing adequate and proper record
keeping as required by regulatory agencies and maintaining documentation of EHS training,
EHS audits and inspections and occupational safety and health monitoring activities.

*  Maintain record keeping for the project and as required by owner and regulatory agencies.

¢ Conduct site internal Audits and Assessment among subcontractors, in accordance with the
contract and environment management plan.

EHS contractors

The subcontractor's EHS Manager will be responsible for the effective implementation of the
mitigation measures during the project by assigning a competent person supervising the

execution of this plan,

=
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Ensuring and documenting adequate envitonmental training to all personnel. Issuing higls-
risk job instructors, ensuring safety and occupational healds of employees, visitors, contractors

/ subcontractors and other person’s entry into the jobsite.

Supervising execution of financial plan for the normal performance of preventive and

cotrective activities to be planned in the organtzation.
Review qualification and training of workers who have access to high-risk areas.

Furnish transportation, housing, food, clothing, toels, supplies, furniture, first-aid
organization, ambulance services and other necessary facilities to its personnel in order to

perform this Contract.

Keep sufficient first-aid facilities and ambulance setvices available for its personnel, its

Subcontractors’ personnel, visitors and other persons at the Site.
Prohibit or halt the work in which they warn imminent risk of accidents.

Organize, implement and maintain an Emergency Response Plan and Organization to ensure

2 full and proper performance to safeguard their employees and property in case of emetgency.

Conduct frequent and regular scheduled safety mspections of construction activides to

monitor compliance with applicable rules and regulations and EHS plan.

Attend Owner / Contractor / Subcontractor’s weekly EHS meetngs, and analyze and
summarize EHS business of last week, arrange EHS work of next week, complete memo of

meeting for later reference.

Conduct, or assist with conducting accideat investigations, analyzing causes, and formulating

recomimendations for corrective/preventative actions.
Verify and provide adequate and proper record keeping as required by regulatory agencies and
maintaining documentation of EHS training, and inspections and occupational safety and

health monitoring activities

Competent Person of Subcontractor

Report to EHS manager unsafe acts/conditions observed on the project site for prompt

corrective action to eliminate the unsafe act/condition.

Ensure all work on site only proceeds when required Job Safety Analysis/Risk assessments
have been completed, and reviewed by EHS Chief and communicated to those who can be

impacted by the hazards identified.

Ensure all personnel wear all required personal protective equipment for the envitonment they

are in and the tasks they are performing.

Attend  Owner/Contractor/Subcontractor’s weekly EHS meetings, and analyze and

summarize EHS business of last week, arrange EHS wotk of next week.

Attend accident investigations, analyzing causes, and formulating recommendations for

cotrective/ preventative actions.
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6.10

6.11

e Inform workers about risk factors adsing in the execution of their work and EHS rules to

follow to prevent the occurrence of work accidents or occupational diseases.

*  Maintain a system for recording and reporting of accidents, incidents and occupational diseases
and the results of risk assessments and proposed control measures, which have access record

to EHS manager.

*  Setup necessary risk factors identifying signs or banners at the site

Environmentally Sound and Safe Working Procedures

Contractors, sub-contractors and contract workers will be made aware of environmental aspects
and Emergency Response Plan prior to commencing the work. Prior to leaving the site
contractors, sub-contractors and contract workers will ensure that their work atea is in safe
position. On emergency call they will report in assembly area. Written procedures or standards will
be prepared for all activities, where the absence of such procedures and standards could result in

not following HSE policy, the law or the contract.
Safe Working Procedures will be based on the following four aspects of job safety:

Safe Place: Work site will be designed and controls set up to ensure that working environment

provides no significant risk to petsonnel, property and the environment.

Safe Equipment: All equipment for any job, including tools, machinery and protective equipment
will be specified and /o1 designed to ensure that it poses no significant risk to personnel, property

or the environment. All equipment will comply with Jegislative standards for conformity and test.

Safe Procedure: Procedures will be designed for all aspects of the job to facilitate safe use of
equipment at the work site to complete tasks with no significant risk to personnel, property or the
environment. Design of procedure will be based on systematic analysis of the tasks involved (Job
Safety Analysis), identification of associated hazards and elimination of control of those hazards.
Procedures should allow for work in ideal conditions as well as under aggravating conditions e.g.

adverse weather,

Trained Personnel: Suitable job-specific, safety skills and supervision training will be provided to

personnel involved in construction and operation activities so that they are able to use the

procedure and equipment at the worksite with no significant risk to personnel, property and

environment.

Safe Working Procedures will be available to contractors and sub-contractors, who will adopt the
relevant Jabor laws of the country.

Identification of Environmentally Sate Aspects

EMS will identify Environmental aspects at the initiation of activities at the site with regard to:

*  Emissions of fugitive dust and gaseous pollutants from vehicles and equipment,

¢ Discharges of liquid effluent including oily waste and scepage to land, and water

* Disposal of excavated material and solid waste to land, water and air

| EMC Palkistan

Private Limited
111



Initial Envitonmental Examination (IEE) Stody
S0MW Selar PV Power Plant

¢ Hazardous waste disposal
¢ Health and Safety

* Emergency releases

6.12 Environmental Assessment of Safe Procedures

After identifying the environmental aspects, the related impacts will be assessed and the
significance of each issue will be evaluated. Following aspects will be identified for evaluating the

impacts:

»  Parts of microenvironment impacted

®  Parts of macro-environment impacted

*  Whether the impact is beneficial or damaging
*  Severity of impact

¢ Frequency or likelihood of impact

¢ xisting mitigation measures

*  Adequacy of mitigation measuses

¢ Concetns of stakeholders/interested parties

* Regulatory requirements and their compliance

6.13 Impact Rating

Impact rating will be assessed for each identified aspect to determine the significance as small,

medium and high intensity or non-significant.
6.13.1 Pre-construction Phase
Following are likely to be the main activities at pre-construction phase:

* Photographs of the project area will be taken {or recording current status of egvironment to

compare with alterations introduced by the Project
¢ Monitoring disturbance or alterations in the natural drainage, if any
*  Use of horns will be avoided

*  Soaking pits for waste water from campsites will be consttucted and hazardous waste from

these pits will be treated duting rehabilitation and restoration phase

* Leakages and drips from operating vehicles and equipment will be attended to immediately;
vehicles with leaks will be restrained from operation at the site. All vehicles will carry fire
extinguishers.

6.13.2 Environmental Aspects of Construction Activity

Construction activities for establishment of Solar Power Plant Project would likely include the

following main elements:
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6.13.3

¢ Location of campsite and field construction office

* land clearance

»  Constraction of foundations and transformer pads

¢ Installation of electrical collection system — underground and some overhead lines
¢ Assembly and installation of panels

* Construction and instzllation of substations .

*  Plant commissioning and energizing

The above activities would likely entail the following issues that may have impact on the

environment and require adoption of mitigation measures dusing the implementation phase:
*  Heavy weight and/or long trucks haulage, Surface sealing

e Topsoil removal, Compressing of topsoil

*  Fuel storage

¢ Concrete production

®  Waste disposal

¢  Dust emission

¢ Consttuction related noise

*  Generzl conditions of construction site (visual)

»  Disturbance of fauna, including reptiles

¢ Emergency response

¢ Site rehabilitation,

Potential Impact of Construction Activity and Mitigation Measures

Construction at the proposed site of Solar Power Plant would not involve extensive land
preparation and the likely impact will be minor and not significant on the microenvironment that

has currently insignificant land use.

e Site preparation activities would include clearing, excavation, earth and fill movement;
transportation of equipment to the site. The said activities will lead to soil erosion resulting
from removal of topsoil at the site, but to improvement of its quality. The fugitive dust
emission would be extensive because of aridity of the sotl. Dust emission due to other materials
of construction will be controlled through appropriate measures to reduce the level of impact

to minor significance.

*  Temporary disturbance to the landscape will be limited to the microenvironment during
construction at site, installation of electrical collection system, including underground and

overhead lines; and construction and installation of substatons.
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s Llectrical trenching and other site works will hardly be perceptible to the residents of villages
in the neighborhood at distances of over 1 km from the site. At completion of the project, the
panels, access tracks and associated equipment occupying about 1% of the site area, wilt

meaningfully add valee to the wasteland.

*  Diesel and other petroleum products used for the operation of construction machinery and
transportation equipment would cause air pollution besides causing scil pollution through oil
spills. The impact from such activity would be of minor significance and would be controlled
by good housekeeping practices.

¢ Water required for numerous construction activities would not be of such order as to result in
any significant impact on other beneficial water uses ot its reduced availability for functions of
villages inside Project land. Conservation practices would nevertheless be adopted during the

entite coutse of construction.
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6.14

6.14.1

EMP during Construction and Operation

The Project activitics will be executed in phased manner, Pre-construction Phase, Construction

Phase and O&M Phase. The major activities to be undertaken are described below.

Construction Phase

The environmental issues during construction stage generally involve safety and public health issue.
The Contractor is required to comply with the laws with respect to envitonment protection,
pollution prevention, safety and other applicable law. Environmental pollution during the
construction phase will be less but control of pollution during this phase is of considerable
importance. The EMP is an executable part of Project, and the activitics are to be guided,
controlied, monitored and managed as per the provision provided. Following activities require

attention duting construction phase.
Construction/Labor Camp Management

¢ The labor camp construction, upkeep and maintenance at the 50 MW Solar PV project site is

under the scope of the contractor.

¢ Construction Camp Development Plan has to be formulated to control degradation of the
surrounding landscape due to the location of the proposed construction camp. Although, it is
the responsibility of EPC contractor to implement, Proponent shall ensure that it is strictly

followed.

e Sufficient supply of potable water will be provided at camps and working sites, If the drinking
water is obtained from the intermittent public water supply then storage tanks will be provided.
All water supply storage may be at least 15 m away from the toilets or drains. It is the
responsibility of EPC contractor to fulfil the water requirement during construction period.
Proponent will ensure that water will be supplied through water tanker from nearby area, where

sufficient water is availabie.
® Adequate sanitation facility, Septic tank, will be provided.
¢  Health check-up will be conducted. The construction contractor may provide these activities.

* At every Camp first aid facility will be provided. Suitable transport will be provided to take

injured or ill person to the nearest hospital.

¢ Adequate supply of fuel in the form of kerosene or LPG will be provided to construction
labors to avoid felling of trees for cooking and other household activities.

* Al the construction workers will be provided with proper training to handle potential

occupational hazards and on safety and health, which include the following:
- Daovirommental Awareness program

- Medical surveillance

- Engneering controls, work practices and protective equipment

- Handling of raw and processed material
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6.15

- Emergency IESPOI’ISC

Table 6.2: Environmental Mitigation Measutes During Construction Phase
N Failure Responsible
Mitigation Measures Purpose ponsi®
Consequence Otrganization
Control of fugitive
. &l . Contractor
dust during Increment in
- Lo ) i Proponent
Water Sprinkling construction and ambient SPM .
. " L Environment
transportation concentration
. Consultant
activity
Transportation of .. . Proponent
ANSPOLA L Control of fugitive Increase in dust P
construction material in o Envitonment
dust emission
covered trucks Consultant
Regular maintenance of .
. Increase the noise
transport vehicle and . Contractor
- . Control Noise jevel of
provision of acoustic cover . Proponcnt
. . surrounding area
Ofl construction maclunery
.. To provide a clean -
Provision of - p . Unhealthy living
. and healthy living - Contractor
environmentally safe . condition and
; condinon for . Proponent
camping area for laborers taborers spread of disease

Operation Phase

During operation phase of the proposed project pollution impacts are minimum. However, in

order to limit within predicted impact levels and to further mitigate the impacts wherever possible

on individual environment components, the following mitigation measures shown in Table 6.3 are

recommended.

Table 6.3: Environmental Mitigation Measures Duting Operation Phase

Possible Impact

Mitigation during planning

Mitigation during opetation

Health Hazard

Safety Plan should be
compiled

and design
. Incorporate consultant and . .
Air Impact . ) No Air Pollution
engineers advice
Soil Quality Consider strategies to avoid Periodic Monitosing of soil quality at
Degradation soll quality degradation project site
. Occupational Health and
Occupational

Periodic health check-up

Workers would be provided with
hand gloves, earmufis, safety boots,
safety goggles, helmets etc.

Workers should be trained to follow
safety working practices

Necessary safety equipment
for workers (e.g. PPE) should
be arranged prior to start of
project

Safety workers

6.16 Woaste Managemént Plan

This Waste Management Plan identifies the wastes that are likely to be generated during the
construction and operation of the proposed Plant and documents cradle to grave waste
management practices to be employed for their collection, storage, treatment and/or disposal.

Specifically, the waste covered by this WMP includes the following sources:

*  Construction and commissioning of plant and the associated facilities

=
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s  Operation of plant and the associated facilities throughout the project life cycle.

¢ Temporary accommodation during construction phase for the workers.

s Other operations like equipment maintenance, site preparation etc.

*  Operation and maintenance of infrastructures duning both construction and operation phase,

WMP is intended to serve as a guideline for the project proponent & the contractor(s) to manage
wastes effectively during construction and operation phase. The contractor(s) should prepate their

own WMP in compliance with this WMP and implement the same during the construction phase.

The WMP describes how wastes will be managed during the construction and operation phase of

the project and how the project will:
¢ Minimize the potential to cause harm to human health and the environment.
¢ Comply with KPK Environmental Protection Act.

® Reduce operational costs and any potential liabilities which may arise from waste handling

operations

This plan also ensures that every waste stream and solid waste materials from the main plant site

and the associated facilities will be managed effeciively.
Solid and Hazardous Waste Management

The mitigation measures with respect to waste treatment, storage, handling and disposal during

both phases of the ptoject have been discussed below:
Construction Phase
* A waste inventory of various waste generated will be prepared and periodically updated. -

*  The excavated material generated will be rensed for site filling and levelling operation to the

maximum extent possible.

*  The scrap metal waste generated from erection of structures and related constructdon activities

will be collected and stored separately in a stack yard and sold to local recyclers.

¢ Food waste and recyclables viz. paper, plastic, glass etc will be properly segregated and stored
in designated waste bins/containers. The recyclables will be periodically sold to local recyclers

while food waste will be disposed through waste handling agency.

* Hazardous waste viz. waste oil etc. wili be collected and stored in paved and bunded area and
subsequently disposed/incinerated via waste contractor. Necessary manifest for the same will

be maintained.
Opetational Phase

¢ Hazardous waste viz. transformer oil and wires and cables generated during maintenance
activity will be collected and stored in paved and bundled area and subsequently

disposed/incinerated via waste contractor. Necessary manifest for the same will be maintained.
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-6.17

6.18

Road Safety and Traffic Management Plan

The plan encompasses the addresses of community safety related impacts that may arise {rom the

increased vehicular traffic due to movement of equipment/machineries and vehicles along the site

access and approach roads particulady dusing construction phase. The plan will be regularly

reviewed and as vehicle movement requirements are identified in detail

During Construction Phase

The following mitigation measures will be implemented during this phase:

Project vehicular movement will be restricted to defined access routes.

Proper signage will be displayed at important traffic junctions along the vehicular access routes
to be used by construction phase traffic. The signage will serve to prevent any diversion from

designated routes and ensure proper speed limits are maintained near residential areas.

Any road diversions and closures will be informed in advance to the project vehicles accessing
the above route. Usage of homs by project vehicles will be restricted near sensitive receptors

viz. schools, settlements etc.

Traffic flows will be timed wherever practicable during period of increased commuter

movement in the day.

Temporary parking facilities should be provided within the work areas and the construction

sites to avold road congestion.

Vehicular movement to be controlied near sensitive locations viz, schools, colleges, hospitals

identifted along designated vehicular transportation routes

Routine smintenance of project vehicles will be ensured to prevent any abnortnal emissions

and high noise generation

Adequate training on traffic and road safety operations will be imparted to the drivers of
project vehicles. Road safety awareness programs will be organized in coordination with local
authorities to sensitize target groups viz. schoolchildren, commuters on traffic safety rules and

slgnage.

During Operational Phase

Since limited vehicular movement is anticipated during operational phase considering only the daily

movement of project personnel, any impacts atising from the same can be effectively addressed

through implementation of mitigation measures as discussed during the construction phase.

Electrocution

The areas prone to electrocution are transformer area, switchyard area and high-tension

transinission lines and towers. There should be no green belt in switchyard side. The growth of

grasses and bushes should be controlled in switchyard and transformer area. Sagging in high-

tension wires may also take place due to high ambient temperature, dust stotm or poot coupling

at HT tower. This should be regularly checked to prevent any possibility of electrocution to vehicles
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6.19

6.20

6.20.1

6.20.2

passing on road. Person attending for faults any of the above areas should be trained and should

wear electrical resistant shoes, gloves and helmet with cotton clothes.

House Keeping

Better housckeeping can improve the working conditions. The following measures are

recommended:
s  Regular cleaning

*  Avolding accumulation and dumping of wastes and damaged equipment and items anywhere

inside the plant affecting aesthetics and increasing risk of fire and other hazards.

*  Keeping ventlation systems of premises in good working condition to avoid ingress of dust

inside the pressurized room.

¢ Keeping air conditioning plants in good running conditions for control/instrumentation

1o0oms.

*  Regular watering of kaccha roads by spraying water during construction as well as operation

and maintenance to avoid dust generation from vehicle movement.
¢ Maintaining hygienic conditions in areas like canteens, near drinking water sources and toilets.

+  Developing a positive outlook in the employees for improving the working place, both in plant

and office or laboratory clean and well maintained.

Safety and Emergency Plan

Safety of both men and material during construction and operaton stages are of concern to
industries. Keeping in view the safety requirements during construction and operation and
maintenance phases, a safety policy will be formulated for the present Solar PV project. Separate
safety rules should be prepated for each type of occupation / processes involved in the project in
consultation with manufacturer / supplier of equipment and materials and regular safety inspection

should be ensured of all buildings, equipment, work places and operations by a competent person.
Safety Organization

Organization already has a Safety Department headed by Senior Manager and having qualified and
experienced supporting staff. The responsibilities of Safety Department include identification of
the hazardous conditions and unsafe acts of workers and advise on corrective action, organize
training programs and provide professional expert advice on vatious issues related to occupational
safety and health. He is also responsible to ensure compliance of Safety Rules/Statutory provisions

Safety Department has prepared.
Safety Awareness among Workers/Employees
Training programs in safety and accident prevention should be organized at all levels of employees

with a view to familiarize them with the general safety rules, safety procedures in various

operational activities and to update their knowledge in safety and accident prevention, industsial
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6.20.3

6.21

hygiene and emergency equipment. These training programs should be conducted periodically in #

planned manner to refresh their knowledge.
First Aid Training

First aid training programs should also be conducted for all employees with the help of qualified
medical and para-medical staff.- This program may be conducted in batches. The programn should

include basic first-aid techniques and should be repeated periodically to refresh knowledge.

Environmental Monitoring Program

Regular monitoring of critical environmental parameters is of immense importance to assess the
status of environment duting plant operation. The monitored data can serve as an indicator for
any change m envirommental quality due to. operation of the plant with tespect to baseline
environmental conditions, so that suitable mitigation steps counld be taken in time to safeguard the
environment. Monitoring indicators have been developed for each of the activity considering the
mitigation measures proposed. Indicators have been developed for ascertaining the environmental
quality and the performance of the EMP implementation through Environmental Quality
Indicators (EQI’s) and Environmental Performance Indicators (EPT’s) respectively which focus
not only on quantifying or indexing activity-environment interactions that may potentially impact
the enviconment but at the same time also help in comparing diffetent components of

environmental quality against previously established baseline values.
Project EMS will establish its own unit to:
s  (Coordinate with other units

* Follow the monitoring frequency of selected parameters as per the monitoring plan given in

the following table.

*  Record all non-conformities observed and report them along with actions to Project Manager

for further action.
*  Report any impact anticipated along with recommendations for further action.

Monitoring results would be documented, analyzed and reported internally to Head - HSE.
Monitoring requirements (including monitoring frequency) have been presented in the following

table;

A, Environmental Performance Monitoting

Table 6.5: Proposed Monitoring Requirements for the Proposed Project

Environmental

PetfoFmance Monitoring Parameter Location Period and
Indicator Frequency
(EP)

Constriction Phase

« COs2, HC based on emission

Alr emissions i
. factors Quarterly during
from vehicle o . . - Exhaust .
o - % of vehicles possessing construction phase
and machineries

valid certification
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Table 6.5: Proposed Menitoring Requitements for the Proposed Project

Environmental :

Performance S . Period and

. Monitoring Parameter Location
Indicator Frequency
(EPI)

Dust generated .

. - : : - Site and . L
from site Visual observation of dust I Daily duting site

. : approach .

clearance/leveli generation IEE J preparation
ng

Noise emissions
from vehicles
and machineries

Noise pressure level in
dB{A)

Comphiance with NEQS
noise limits.

Check for valid certificates
of type approval and also
valid certificates for
conformity of production
for equipment particulatly
digging sets

Near noise
sources (5m)

Quarterly during
site preparation

Sourcing of

Volume of water sourced

Sourcing and

Daily during

Odor

water and consumed usage areas construction phase
. . Monthly durin:
Ecology Cutting of trees At Site y ooens
construction phase
Fugitive
emissions. from ) . ,
. . . Material Daily during
handling and Visual observation \ .
stockpile construction phase
storage of raw
materials
Community Complaints registered by the Grievance ' .

R P sl ¥ Monthly during
health and local communides records constraction phase
safety No. of accidents Safety records phas

Health surveillance of .
] - Medical
wotkers
.. records
Sanitation status of labor
Labor camp
camps and canteen maintenance
Occupational Potable nature of drinking Monthly during
. . records )
health and water viz. coliforin, pH, TSS, s construction phase
. . Drinking
safety Residual chlorine water starage
Usage of proper PPEs canks storag
Safety performance Construction
indicators viz. L'1Ts. Near .
. - site
misses fatalities etc,
) Visual observation of leaks , . .
Disposal of ’ Septic tank Daily during
overflows etc. \ ,
sewage and soak pits | construction phase

Private Limited

Domestic waste . Waste .
: Quantity of water generated . Weekly during
generation, generation :
and recycled . construction phase
storage, areas viz.
EMC Pakistan
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Table 6.5: Proposed Monitoring Requirements for the Proposed Project

waste storage,

Quantity of waste oil and

involved in

Environmental
Pr;rfo.rmance Monitoring Parameter Location Period and
ndicatot Frequency
(EPI)
handliﬂg and Visual observation of waste canteen, labor
disposal segregation and storage camps etc. .
conditions viz. usage of Workers
labeled and covered bins, involved in
insect repellents etc. waste
Awareness level of onsite handling and
workers storage
Visual observation of
chemical storage conditions _
viz. presence of spill kits, Hazardous
Hazardous drip trays, fire extinguisher, waste storage
cheinicals and display of MSDS etc. arcas X .
Workers Weekly duting

construction phase

Noise generated
from operation

dB(A)

Maintenance parameter
check with respect to
equipment noise attenuation
and contral

sources (5m)
Noise
generating
equipment

handling and other hazardous waste .
. waste
disposal generated and recycled to .
. handling and
registered recyclers
L storage

Awateness level of onsite

workers
Operational Phase .

Visual observation of dust
Fugitive generated Maintenance Weekly during
emissions Water sprinkling details viz. records operational phase

frequency and quantity.

Noise pressute level in .

Near noise

Weeldy during
operational phase

Water sourcing

Volume of water sources

Water usage

Daily during

Private Limited

and .
. and consumed areas operational phase
consumption
Community Complaints tegistered by the Grievance Monthly during
health and local community records .
: operational phase
safety No. of accidents Safety records
Medical
Health surveillance of records
workers Office
Sanitation status of onsite building
Occupational office building and canteen maintenance .
L Monthly during
health and Potable nature of drinking records .
. operational phase
safety water Drinking
Usage of proper PPEs water storage
Safety performance tank
indicators Operational
sites
) EMC Palistan
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. . B. Environmental Quality Monitoring

Noise pressure level in
dB(A)

villages, schools,
ecological habitat

Environmental L .
. . Monitoring ) Period and
Quality Indicator Parameter Location R

e requenc

(EQI) quency
Construction Phase

: Measurement of Nearest receptor, .

Ambient Noise quality Monthly during

construction phase

Ground water quality

Depth of ground
water table

Drainage channel

Quarterly during
construction phase

Operational Phase

Ambient Noise quality

Measurement of
Noise pressute jevel in
dB{A)

Nearest receptor

Monthly during
operational phase

;| EMC Pakistan
9 Private Limited
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Chapter 7. Conclusion

This Initial Environmental Examination (IEE) study was catried out to assess the environmental
and socioeconomic impact during the design, installation and operational phase of 50 MW, PV
Solar Power Plant in Lachi Tehsil, District ICohat, KPK. The assessment was carried out according
to the requirements of KPK Environmental Protection Act and all applicable national and

international standards.

The baseline environmental and socioeconomic information was collected from a vatiety of
sources, including reports of previous studies, published literature, and field survey (primary
information). The information collected was used to develop baseline conditions of project area
with respect to the natural, socioeconomic, and cultural environments likely to be affected by the

project.

The proposed project activities were reviewed, and an assessment made of the potential impact of
these activities on the area’s natural, socioeconomic, and cultural environiments is also described in
this report. Where appropriate, mitigation measures were recommended to keep the adverse

environmental impact within acceptable limits.

It is therefore concluded that if the field activities, including the implementation of all mitigation
measures, are carried out in line with recommendations suggested in the report, the impacts from
project’s construction and operations will not be adverse so as to deteriorate the environmental
quality of the project area and a more detailed report will not be required in the form of an EIA.
Additionally careful implementation of the EMP will ensure that environmental impacts are

managed and minimized and the project proponent meets all statutory requirements.

There are two ecssential recommendations that need to be followed to ensure that the
environmental impacts of the project are successfully mitigated. The Proponent Siddigsons Kohat

Solar Limited shall ensure that:

* All mitigation, compensation and enhancement measures proposed in this JEE report are

implemented in full, as described in the document;
* The Environmental Management and Monitoring Plan is implemented in letter and spirit.

Screening of potential impact suggests that the Construction & O&M of 50 MW Solar PV Power
Plant will, on adoption of the suggested mitigation measures, be an environmentally acceptable

proposition and will provide clean and renewable energy.

It is recommended that the IEE be approved with the condition that recommendations given in
the TEE and NOC will be duly foliowed by the proponent.

| EMC Pakistan
Private Limited
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