
www.qasolar.com3rd Floor,83-A Ell, r"lainBoulevard,Gulberg III, Lahore, Pakistan.+9242 923 7063

Yours Sincerely

V
.~~:...

NAJA A MED SH H

CHIEF EXE TIVE FFICER

QUAID-E-A AM S lAR POWER (PRIVATE) LIMITED

A bank draft of the sum of Rupees 329,080/- being the non-refundable license application fee
calculated in accordance with Schedule II to the National Electric Power Regulatory Authority
Licensing (Application and Modification Procedure) Regulations 1999 is also attached herewith.

I certify that the documents-in-support attached with this application are prepared and
submitted in conformity with the provisions of the National Electric Power Regulatory Authority
Licensing (Application and Modification Procedure) Regulations, 1999, and undertake to abide
by the terms and provision of the above-said regulations. I further undertake and confirm that
the information provided in the attached documents-in-support is true and correct to the best of
my knowledge and belief.

commercial operations.

I, NajamAhmed ShahChief ExecutiveOfficer, being the duly authorized representative of Quaid-e-Azam
Solar Power (Private) Limited by virtue of Board Resolution No. QAS/02/13-4 dated rs= February 2014,
hereby apply to the Nati?~al _E1~~tricPow_er_~~gulatory_Authority(NEPR!'\)_f(J~__~~~_~r:_a_ntot_a__get:l~~ati()r1
license to Quaid-e-Azam Solar Power (private) Limited for setting up of a 100-MW Solar Power plant
pursuant to Section 15 read with -Section...1{.2)(a)of the .Regulation of- Generation, Transmission and --- -----
Distribution of Electric Power Act, 1997,Whilst the 100 MW solar power plant shall be functional at full
capacity upon achieving commercial operations, it is expected to generate for sale 10 MW prior to

Dear Sir

APPLICATION FORGRANT OF GENERATION LICENSEIN THE NAME OFQUAID-E­
AZAM SOLAR POWER (PRIVATE) LIMITED FOR lOO-MW (PV) SOLAR POWER
PLANTAT BAHAWALPUR.

Subject:

, I
~

The Registrar
National Electric Power Regulatory Authority
NEPRATower Attaturk Avenue (East)
Sector G-S/1
Islamabad

. !: ,

April 23, 2014

---------- -------

QUAID-E-AZAM
Solar Power (Pvt.) Ltd.

Ref No: (;)AS-14!DLt/25 - oB



3ed Floor, 83A/E-l, Main Boulevard, Gulberg 111,Lahore

CompanySecreta~
Qn,;r!, ~,47amSolar Power tPvt} Ltd.\",v:U v,.· ,

ad Badar UIMunir,ACA
Company Secretary

Extract certified to be true copy

.. Further Resolved that BOD authorized the ChiefExecutiveOfficer to Correspond with NEPRAfor
• Power generation license.

Resolved that Quaid e AzamSolar Power Pvt Ltd to apply for power generation license to NEPRAfor
100 MW project

In the 8th Board meeting the following resolution was passedby the Board members unanimously,
extract of resolution is given below

Dear Sir

Chairman
National Electric Power Regulatory Authoritye Islamabad

February 25, 2014

RefNoff/4£. Ie? :.LiA:r- /.
7 1 7

BOARD RESOLUTIONFOR 100 MW POWER GENERATION LICENSEFROM NEPRASubject:



It is hereby verified on solemn affirmation at Lahore, Pakistan on the April 23, 2014 that the
contents of the above Affidavit are true and correct to the best of my knowledge and belief and that
nothing, material or relevant thereto, has been concealed or withheld there from.

VERIFICATION

4. I also affirm that all further documentation and information to be provided by me in
connection with the aforesaid Generation License Application shall be true and correct to
the best of my knowledge and belief.

• 3. The contents of accompanying Generation License Application dated April 23, 2014 to the
National Electric Power Regulatory Authority (NEPfu\) along with the supporting
documents arc true and correct to the best of my knowledge and belief and nothing material
or relevant thereto has been concealed or withheld there from.

2. I am the authorized representative of the Company by virtue of Board Resolution No.
QAS/02/13-4 dated 13th February 2014.

1. I am the Chief Executive Officer of the Company.

I, the above named deponent, do hereby solemnly affirm and declare that:

AFFIDAVIT of MR. NAJAM AHMED SHAH S/o Mr. Aftab Ahmed Shah, CNIC No. 42101 9779292
5 resident of B-18, GOR 6, Mohala Fcrozpur Road, Lahore, Pakistan and authorized
representative of Quaid-e-Azam Solar Power (Private) I .imitcd, 3,,1Floor, NIB Bank Building, 83-l\,
E/l, Main Boulevard, Gulberg-III, Lahore ("Company").

BEFORE
THENATIONAL ELECTRIC POWER REGULATORY AUTHORITY

'..
, ~J)
-':

100
Rupees
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Validity of this LOI is till the approval of FSR by POE, where after or before it,
any violation of the policy will automatically terminate this LOI. Issuance of this LOI or its
termination or your failure for getting approval of FSR thereunder, cannot form the basis of
any claim for compensation or damages by your Company or any party claiming through

~ 1)

~
2)

~.

3)

~ 4)-: 5)

PPDB appointed Panel of Experts (POE) shall examine and approve the .e su?mitted FSR. The FSR, alongwith other content should include;

Environmental Impact Assessment Study,
Detailed design of power house,
Load flow and stability studies, design of interconnection/transmission

lines,Details pertaining to infrastructure, Project cost, its financing and terms &
conditions, and
Tariff calculations and assumptions of financial calculations including
econornic and financial analysis.

Your Company has submitted Feasibility Study Report (the "FSR") of the
Project, alongwith your statement of qualification to pPOB. The blanket exemption about
submission of Bank Guarantee under the Policy before issuance of LOI, granted by the
competent authority, on a Summary moved by Energy Department will be available to you
subject to approval of FSR by PPOB appointed Panel of Experts (POE). This LOI is being
issued to your Company on behalf of Government of the Punjab, without submission of
Bank Guarantee to PPOB, subject to the following:-

Reference: Your request to PPDB through letter No. QAS/02/10-4 dated
February 10th, 2014 for issuance of Letter of Interest (herein after referred to as LOI) to
your Company under Punjab Power Generation Policy -2006 (Revised 2009) (hereinafter
referred to as the Policy) for development of 100 MW Solar PV power project (the
"Project") to be located at Quaid-e-Azam Solar Park District Bahawalpur.

Subject: Letter of Interest (LOI) for Development of 100 MW Solar PV power
Project (Raw Site) Located at Quaid-e-Azam Solar Park District

Bahawalpur.

l~ Quaid.,e-Azam Solar power (Pvt) Ltd.
SL!it# 503, s" Floor, Shaheen Complex,
Egerton Road,
Lahore

No. PPDBI :).0 H 12014
PUNJAB POWER DEVElOPMENT BOARD
__ 1.HERG'l-llEfAIll'.MENI--

1st Floor, central Design Building,
Irrigation Secretariat, Old Anarkali, Lahore

(Ph: 042-99213877 Fax: 99212796)

Date 17 -- (,'.2 -- 12014

....~~



1. Chairman Board PPDB Government of Punjab, Lahore
2. Secretary, Ministry of Water & Power, Islamabad
3. Chairman, P&D, Government of the Punjab, Lahore
4. Additional Chief Secretary Energy Department, Government of the PlJ.Djab,Lahore.

5. Chairman, NEPRA, Islamabad
6. Secretary to Chief Minister Punjab.
7. Chairman WAPDA, WAPDA House Lahore
8. Chief Executive Officer ,MEPCO Khanewal Road Multan
9. Chief Executive Officer Alternate Energy Development Board, Islamabad

Accepted and agreed

for & on behalfOfr
N~ ~ fr

oated~ '1i IrX17~

(.m~
(M~.~·A~I~A·AWAIS)
Managing Director

Punjab power Development Board

This LOI has been issued in duplicate on the date hereof, and it shall come
into effect when one copy hereof is received by PPOS after having been duly
cQunteIsjgned b-y~y.ou._NavertbeleSs,t~PSe-if---tI:le-GOOnterSigFleG--oopy--~S-Ret-~-
received at PPOS within thirty (30) days of its issuance.

your Company against Government of the Punjab/PPOS or any of its agencies,
employees or consultants on any grounds.

•



CQO/GM(CPPA) 229-WAPDA House, lahore, Pakistan TEl:+ 42 99203515, Fax:+924299201179 www.ntdc.com.pk
CE-II(CPPA) s' Floor PIATower Egerwn r:,ad lahore TEl:+ 4299201489, Fax:+9242 99201488 ce2cppa@gmail.com

Chief Executive Officer AEDB, 2nd Floor, OPF.Building G-5/2.
MD PPDB, 151 Floor, Central Design Building, Irrigation Secretariat, Old Anarkali, Lhr.
Mr. Najam Ahmed Shah, Chief Executive Officer, Mis Ouaid-e-Azarn Solar Power (Pvt)
Limited, 3rd Floor, NIB Bnak Buildng, 83-A, E/1, Main Boulevard, Gulberg - III, Lahore.

i.
ii.

J

CC to:

.'.~J~' ~A~'"

> (TAHIR MA~o6V1~<~
General Manager (epPA) NT CL

DAlAs above

,,
This issues with the approval of Procurement Committee of BOD NTDCL.

a. ForJT!_1(1 of 2):
~ -J'D. ISCQ-Wise Peak Demand & Demand at Interconnection Points (MW)

~~ Form I (Z·of 2): .
'- Peak Demand at Interconnection Points (Grid Stations) of NTDC & DISCOs~e ;:;FormH (1 of 2): . ,

II'~ Peak Load <

(}''': d. Form III:
.;' Information about Generation Capacity under Proposed Procurement Request

Following information required vide ;Clause (4) of above mentioned NEPRA Regulation, on
prescribed formats (Schedule I) are also enclosed for supporting the request:

In pursuant to NEPRA Interim Power Procurement (Procedures and Standards) Regulation
2005 and its amendment to-date, Power Acquisition Request (PAR) of subject project is
attached. .

Power Acquisition Request for Purchase of Power from 100 MW Solar
Power Project offered by M~.,;Quaid-e-Azam Solar Power (Pvt) Limited
(QSPPL) at Lal Suhanra against Upfront Tariff for Solar Power Projects

Subject:

Fax 051-9210215 .

The Registrar,
National Electric Power Regulatory Authority,
Government of Pakistan,
NEPRA Tower Attaturk Avenue (East),
Sector G-5/1, Islamabad.

Dated: (7 I tjJ/2014No. GMlCPPAJCE-DlMT-IV/(}SPPLI \1 ~),.._?>.b

Chief Operating Officer /
General Manager (CPPA)NTDCl ~

NATIONAL TRANSMISSION & DESPATCHCO. LTD
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10. To initiate research

211d maintenance of9. To training in instal
equipment relating to it,

cornrnunun
and

F use the present
cl of solar

on solar energy programs. The projects could be from solar energy compacics
aspects ofsolar energy, and other sources ..to study

7.

6. To collaborate \vith solar energy companies, uulities, and government to attract research grJr1t5
from state and federal government agencies.

repair.5

the

OBJECTS:
f be _situated 1f1the province of Punjab ..'fhc Registered ()ffice

The Company is a ic-secror company, established
Energy wholly owned & controlled by the
Company is (
I .- • I I f ( , ".tne scope ot no one sucn S\lG"C the scope or any stl:n.....--.,t,;f, j

,..! J; rr:-!- ,\--lsub-clauses): '", /

1 ~o carryon the business of setting up of Solar Energy Power Projects, construction of' Grid StJtion~i /-'0
..*~P:-<t';1 //, tj....ctransm ission lines and other works incidental and ancillarv thereto. ~ .
1/ 1v.J!"'t.tt{..z5· . I'. • • - •• • • ~, .

~o carryon all Or any of rne businesses of generating, purcnasmg, Importing, Iransiormmg,
f,h-J5J \ --eetwerting, distributing, supplying, exporting and dealing in electricity and all other forms of

11,~/tv-17" solar and products or services associated therewith and of promoting the conservation Jnd
I ie nt use of electricity and to all other acts or incidental to iQc bt~n~; (it I i

generation rransrn and supply etc·s...~b'~~ :"6 9-t--Jt:.te~6 "" L-r./~~:<;"'<"~:
3. To use manage and marntam solar i; t

plants, thermal power geo thermal power solar power ~ ,.,t4~tl!/
, ilJ /power plants, bio1TW5S based plants, power grid stations, transforming, switching , . L",(,'I .h i'

conservation and transmission facilities, grid stations, cables, overhead lines,' sub stations, ,
switching stations, tunnels, cable bridges, link boxes, heat pumps, plant and equipment " I"

combined and power schemes, dispensing machines for:
plants, printing facilities. t'i'
r "~ y'

. ---:--."-y/nJb (l.,7
regulat.::?r" the ~lvi&"v' I -

n. HEGISTERI:~D OFFICE:
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firm s,
and supportu , <'::
HR policy or'he

'fa recruit, hire, depute,
experienced profess ionals, experts,
of persons, or agents) either directly or
helping staff on such terms &
Company in

.> ('
,) /.

To import,
manage,
business

the com pany
To carry OUt joint venturex,

36, To establ and manage, zona],
company and its affiliates concerns

'l '!
.' l ,

otherwise turn to account the same.

3 S. To apply for, tender, offer and accept purchase or any contracts/covenants in concesiolls
for or in relation to the project execution, carrying out {heir managerial experise,
administrative control of works and convenience and undertake, carryour, dispose ;f or

agent in any goods or prccrcts
and subject to any permission required unde the

.'

CtOVerniTlCI1t 1-order34. To carryon the business of (he
Government agencies, dealers,
within the scope of the object of the
law of the country.

on the business of
of power houses,

Tto
for or in

") .-,
.) .i.

32. To carryon the business in the of Punjab for importers, transporters, dealers t1 ill I
articles and commodities to or connected any other business the company capable of being
conveniently carried out or necessary for the promotion of the objects herein contained, as
permissible under law.

.n,·(·",;il·j;l~'"'0["'''1'''1',1'-)''Jj ;,.~< • ~'}. ~6 \_.,~....j". .c =:

and to impo.rt and

3 i. "1'0 carryon the business as
preparation of feasibil

dea 1 in an sort of renewable goods.

the

charg-e.-s and derlf-eciation~ of assets, redemption at due
expansion, projects; payment of taxes and return

bulk purchaser of electric power, to
approval of schedule tariff and

of opera(lng cost, interes!
th:t1i1those covered b y

that \viH securethe tariff for the bulk30,
generally \-vhe-eiing_)n any

orand to
29. To carryon the busiuess

l\le marker

workshop; electron ic pri nt i!1g rcsou rce s.
rnachines, tran3f0ri'T1ing~

rr- J~-ro rnces ~i

Stlb,-.')tarions) bridges, dispensing
and transrn i5510n facilities, cable lines,

and maintain solar power

generation, distributton and
e

27



Ofloans.principal, interests and
aids.

entities

'1'0 arrange local and
d local, or

, associate,
to carry out any or part of
purposes or tile

under

109 or prom
company, firm, subsid

of or c]
or

46. To
to or becoming a
units, ! purpose

or s

sub-contractors and to all or any of the th mentioned herein in any of the
world and either alone or in collaboration \vitl. others and by or through agents, sub-contractors
or otherwise.

ththesub-contracts) and also act in the business
as andOf on behalf of any individual or entities and to45.

to nny permturn to account any
required under the law,

so acqu ired"ts and in

44. To take on lease or in apply for or
interest, an) rights, priv any or Intangible assets
buildings, and premises, any fixed and movable machinery, plants, tools, stock-In-trade, patents
and patents rights, copyrights, licenses, agency, dealerships, franchises, and any other assets,
required or convenient to be used in or about the business of the Company or any branch,
department, or subsidiary thereof on i(S own ownership & possession or on behalf of any
individuals Or entities; and to improve, add, repair, maintain, reconstruct, rehabilitate, develop or
replace such tangible or to use, develop (:1 respect or otherwise

with any

tTlay seem
from any such individual or

4J~ 'I'D enter into negotiations: sign,
agreements, concessions and joint ventures

ve to the Company's
Any charters,

and 10 carry (l11,
and

. , .
to tune determme

and to remove

the~~ J ~ 1-0 as retinng benefits, social security. old
Job or service or Oil death til harness to all [he persons recruited,
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as rna)" be proper,
them,

a)

61.

60,

59,

objects of the whether in Pakistan or any
to
of"

to confer Of affiliate with any other individuals or emitTo work ill conjunction with, and
effectuate any and all of the
the' World.

58,

57, To carryon the business which may seem to the Company capable of being carried on jn
connection with any of the Company's objects or calcu latcd directly or indirectlyto enhance ihe
value of or rendered profitable any of the Company's properties, assets or rights, but ihe
Company shall not perform any unlawful ad or business.

55. To settle disputes by negotiation, reconciliation, arbitration, litigation Of other means and to ente r
into compromise with debtors, creditors, members, financial institutions, clients, Government o!lel
any other persons in respect ofany difference or dispute ,vith them,

56. To acquire for consideration or otherwise from any' national or international organization,
institution, corporation, , person; technology, knowledge, know-how,
form u las, drawings, maps, data, designs, for carrying ou t
all or any or tile objects of Company,

54. 1"0 insure the property} assets, and ern of the Company against losses, damages, risks>
accidents and liabilities of an kinds which rna)" affect the Company, whether in respect ()f

contracts, advances or securities, or in respect 0"( or employees of the Company,
(If III respect of property belonging to or- leased to Of hired by' the Company, either by setting
apart funds the Company or by such insurances in any manner deemed fit
Company, or any other special d
whether replacement or insuring, im extend
maintaining any of the property of the Company OJ' for any other purpose conducive to its objects
but not to act as an insurance company.

carryon any of its objects into effect as and when required

51

ized or establish

investments.Company and to

the performance of contract and of ihe Company in relation to the
any k)21n. obligations 'or sec issued or H1 ofthe

fT1 ~1'\terms and conditime and uoon5o

or CG!nrJa!IY
of'

a boutucreCl rn
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f) To con
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or ink)

j) To sen or undertaking of the
consideration may think fit and,
securities any other company having objects
Company.

for such

sirn HaTi)

to grant

institutions,
pan)" or the dependants or

(0 make payments

or aid in the establishment
to benefit

h)

any such arrangements,exercise and com

g) To enter into arrangement with any Individual or entities Of' with any other persons or entities,
in any place where Company may have interest that may seem conducive to the objects of
the Company or any of them and to obtain from ividual or entity any rights,
privileges and which the Company Carf)

company,

objects a
capable of bcir~i,g

but no! to act as an investment

and hold shares in any
this Company, or

or indirectly to benefit this

f) To take, or

e)

Ofto carry
the Vihole fir any part

carrying on any business wh:
for the

G)
'I "lese. cor reta u.
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x) Contract out any fnanagem~nt or
and effectiveness orr-he Company's

v)

To and obtain any provisional order Of Act or any consen ts,
and licenses from the Government, central or provincial, and any of
for enabling the Company to carryon any its objects into or

any modification of the Company's constitution, or for any other purpose whicb rn a,},'
seem expedient, and to oppose any proceeding or appl which may seem
directly or indirectly, to prejudice the Company's interests.

To sell patent rights or belonging to the or which may be acquired by
it, or any interest in the same, and to grant licenses for the use and practice of the same or any
of and to let or allow to used or otherwise deal with an)' inventions, patents or

in which the Company may be interested, and to do ail such acts and things aSmEi)
expedient for turning to account any inventions, privileges in the

pany may be interested.

$)

To adopt such means of making the products of the Company as may seem expedient,
includ in particular, by advertisement i.~ the press, circulars, purchase and exhibition of
...vorks art or interests, of books and periodicals, and grant of prizes, rewards and

r)

'bfe
orissue prorn !S50r:~/ notes,

negoriable or
accept> endorse, discount, execute ?_nd
of lading~ warrants, debentures and

instruments, but not to act as an investment or banking

on any Or aU of the movable and
.s either present Of future or both and

of banks, Non-Banking
or any tinancial institutions and to borrow money for purposes of the

such terms and -as may be considered proper.

mariner as the Company f think fit for rnanu ng, trJding and allied bus.ness
H1 particular, by the debentures or debenture-stock, perpetual or otherwise

upon ail or any of the Company's property and other assets, both present ru
irs capital, and to purchase. redeem, Or oay any such securi not act as an

;:~ ...~~. ?""<"",", .-,:' _r'l".' •• ~-h-,-,-ttf ..."ifr"'''~' V,", company. /1;;'/[;"1 "
the peffo(~nce of agreem~'ni.ts,

and.

1'0 borrow or raise funds b)' means of loans or secure
shareho kfers~ d irecrors, corn mere

'"'''' - .L-ornpanYI nor 1:l1iTI Hi

but not to act as an investment, finance. Of



sha Ii

Government of the Punjab through its
directors of the Go\/ernrnent of the Punjab.

'CAPfTALv.

I\C, LIABILITY

Ke5trictive/DecJ:1rarory Clause: It is declared that ing anything conta;ned
object clauses of this l\lemorandurn of Assoc ncthing contained therein

construed as ernpov,cring the Company to undertake or to
COu1pany) bankingt
indirectly as restric(cd

• I"'j. 1;-". I '}\pprOVi'ii l...auSt:: anyrning if) any ODJect c ausc, tne
obtain such other from the competent authority, as may be requ
law (or the time being in OtC(;, to undertake a particular business.

C·orn.pany rp \.·vith any
to the attaintTlent of



~iO[1: Advocate High~<I.e:'¢, . ;34102-5984309·5

F\dl Signature ~/J~
N ationalicy: }).il..ki.§.tf.!.nl

Dated this I!.f't dav of Sente mber, 2013//)7 I "' ~

A Secretary, Financ-e
Wartment, Government or

35201-1450651-5
Chairman, Planning 8.::

i Development Board,
I GOV"r'HH'"'' of the Punial,. __ .. _:__..:::.__:_:_,",~ ~ 't,. t; •""'" ~'"".c:.'~c:.~"-4~"""'>':":'-

IVIR. IVIOHAl\liYIAD
..JEHANZEB KHAN
173018-276764-5

r·/1in':stert Energy
Department, Government of

i the Punjab I'
,____._,____ . ~_,l_ __ --

! MR IRFAN ELI"AHI r

Tehsil Fateh
Jhang, D!~:tMt MUffiti:lZ

A.li Khan

;37102-1228288-3
Ko: Fateh Khan,

p,\TliEf(
l!USBAi'iD

NAME
(L'i FULL)

iPHESENT & FOtVdER 1"
fULL, IN BLOCK

LETTERS}
\VlTH O"IC..#

(}ocer'n!7Ltlrbt oftbe Pu n/tl 0" 03 and uihen. SO ciLrecte!i'l.,clbt'ections

Goo« ~II'" ~y" ,t.:~,t~- Puruab rr (1 desirous, t-"hc-i~"'::f f '-,"'l""H.J; l-·fh-,Joce.J i:~rrh:';fL, 0; ~l,;.~.e,.j, t';;dfJ'j'" 1.>' :;. ... n ... l,.vC~~ \.iu» -OJ -""v""f~5 101 '1"'1';\. ... ",n,.·o J/"v.e
. " , / ,,~ /l •D"" _ t ,- t' .'Yf - I ~"', < :r~ , ..../"iOJ f.,./1.,t;, ,; ~.-hJ1':.Jt];).~ :f..! ~ PI,..! o tl:G, Ll..,,~~.

to act as nominee directors and take the nurn ber 0/
of the Go'_'erhmerll of the Punjoo ClS set opposite to

nominee". We [urther agree to Luith.drcw: our name and right as nominee director
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16,

14.

No share can be mortgaged, pledged, sold, hypothecated, transferred or disposed off by any member
to a non-member without the previous sanction of the Board of Directors,

18, Transmission

The Successor in legal heirs, executors or administrators of :1 deceased shall be the
persons to be the Directors as title to the shares. ln case of shares registered in
the name of two or more holders the successors .in interest, survivors and the executors of the
deceased shall be the only persons to be by the Company as having any tirle to the shares.

The instrument of transfer 'of any share in the Company shall be executed both by the transferor and
transferee, and the transferor shall be deemed to remain bolder of the share until the name of the
transferee is entered in the Register in respect thereof.
Form ofTransfet'

Shares in the Company shall be transferred in the form which the Directors shall approve.
Bn n on Transfer of Shares

Shareholders shalf be limited and restricted in respect of their ability to transfer shares in accordance
with the provisions of the Shareholders Agreement.
Closure of ~£gister

On giving seven days previous notice in the manner provided in the Ordinance, the Register may be
closed for such period or periods no! exceeding five (45) days in anyone year as the Directors
may from time to time determine. but so that the Register shan not be dosed for a longer period than
thirty (JO) days at a time.

17. Ch:trge on the Shares

SHARES. TRANSFER ANDTRANSJVnSSION
13. Transfer

Certificate under Seal

The certificate of title to shares shall be issued under the authority of the Directors or of a cornrn ittee
of Directors when authorized thereto by the Directors In such manner and form as the Directors may
from time to time prescribe, The Seal ofthe Company shall be duly affixed to every share certificate
issued by the Company,

!s~uance (JfNt~WCertificate

If a share certificate is defaced, lost or destroyed, It may be renewed on payment of such fee, if any,
not exceeding one hundred (t 00) Pakistani Rupee. and on such terms, if any, as to evidence and
identity and payment of expenses incurred by the Company in investigating title as the Directors
think fit.

Bar on Use of Company Funds

Except to the extent and in the manner allowed by Section 95, no part of the funds of the Company
shall be employed in the purchase of, or in loans upon the security of, the Company's shares,

par value of Rs. i0,000/- (Pakistani Rupees Ten Only) except that in the event of
distribution of assets after the dissolution of the Company Class A shares shall have a priority Over
Class B shares.

Share Certificates

Every person w)t5'se name is entered as a member in the Register shall, wirhout eayment, be entitled
to receive within ninety (90) days after allotment Of within forty five (45) days orihe application for

"registration of trans fe;, a certificate issued in accordance with these Articles specifying the share or
shares held by him and the amount paid up thereon. Provided that, in respect of a share or
held jointly by several persons, the Company shall not be bound to issue more than one certificate,
and delivery' of a certificate for a share to one of several joint holders shall be sufficient delivery to
aIL

9,

''''1'.. ~
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18 Auditors
House no. 47, Street 14, Cavalry Ground Extension, Lahore! Address

Abdul Majid Khan

I Kalman Manzil, Bosan Road, Multan
17 Legal Advisor

I Name

36302-0459420-7NrcI Muhammad Badar Ul Munir
I Address

15 Chief Accountant
I Name i Muhammad Badar Ul Munir Nrc i 36302-0459420-7
:~A--dd-r-es-s--------~! K--m-n-ra-n-M--an-z-il-,-B-o-sa-n-R-o-a-d-,M-,-u-lt-an-------+-----7,--

16 Secretary
r Name

iName . ._~i~N~~~a_m~A_hm~ed~Sh~a7h~~~__ ~_~_~_N_·]_C_tl_4_2_IOI~779292-5 .,i

IAddress I House No. 6-B, GOR-18, Ferozepur Road, ! !
i Lahore

14 Chief Executive
i Registration No. i . N/A % Shares Held: N/A

13 I P,articulars of the holdi.ng company
l1'\al~e . IN/A

12 IAmount of indebtedness on the date upto which form A is made in respect of all
! Mortgages/Charges :

10,000,000/-1,000 10,000,000/-I Ordinary Shares
Issue Price, No. of Shares Amount

11 Share Capital
Type of Shares

I Type of Shares ! No. of Shares f Amount i Face Value ,
i J i i_ .! Ordinary Sbares....__ ...__ ~J-J_,'O_().(L .._ r_-'j .._10,D.o.o..,OD.Ob_~_l.O))DD.,D.ODJ-= . __ . .--L. _

! I I I
-I ---- --

i Authorized Share Capital

LNature of Business: Electricity Generation
i Office Fax No.: 042-35790366

i Email Address:cfo@qasolar.com
! Office Tel. No.: 042-35780363

1 Registered office address: 83-A, E-I Main Boulevard Gulberg Ill,Lahore.5

e 6
7
8
9

10
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PART-A

L I
---~~--~--~

I 20143 Form A made upto (Day/Month/Year)

4 Date of AGM (Day/Month/Year)

i Quaid E Azam Solar Power (Pvt) Ltd
: 0085152RegistrationNo.

2 Name of the Company
~
I

"THIRD SCHEDULE"
(See section 156)

FORM A- ANNUAL RETURN OF COMPANY HAVING
SHARE CAPITAL

-----------I
1-



20. List of mem bel'S& debenture holders 011 the date upto which this Form A is made
Folio Name i Address Nation-: No. of Nrc (Passport 1'\0. if foreigner)

i ality ! shares
Members I I ! I ! I I I !I i

N/A I I i I I 1 I ! !I ! I

Debenture holders i I I I I
1 i 1I I I

N/A i
I i I i I I Ii I

PART-B

I IS 0 rrec ors on e aeo orm- i
Name of Director I Address Nationality I NrC Passport No. ifforeigner)

1. Najam Ahmed Shah I House No. 6-B, Pakistani ! I I

o II 7 ! 9 12I GOR-18, Ferozepur 14
2 1 9 7 9 2 5

1 I, ,
, Road, Lahore i I

2. Sher Ali Khan i Energy Department, Pakistani i I
II

I Old Anarkali, ;3 7 I 0 2 I 2 2 8 i 2 8 8 ,., I
.) ,

I
1

i Lahore I ii

3. Irfan Elahi ! Planning And Pakistani i
5 !I Development ,., 5 2 0 1 1 4 5 10 6 5 1Department, Civil .)

Secretariat, Lahore
4. Muhammad lehanzeb ! Finance Secretary, Pakistani I I

I I i
Khan ! Civil Secretariat, 1 7 ,., 0 1 8 2 7 [617 6 4 5 !

.)
I1

I
IiLahore ! j

5. Irfan Ali I Industries Pakistani i ! I I

I

7 iI Department, Civil 012 i 5
!,., 5 2 ,.,

3 ! 6 : 1 I 4.) .)
I

1 Secretariat, Lahore I 1 I i

6. Syed Maratib Ali i 23 Aikman Road, Pakistani 13 o /21 I o ! I i 3 I
5 2 5 6 7 9/iGOR 1, Lahore I I !

--LJ.-ArifSaeed- ~ - - ~~.Service.lndustries. f-P-ak-ista-ni - .._ .. _- f--- -- -!-~t----I- ---i
I Limited, Servis I

3 5 2 0 2 2 8 3 j 5] 7 2 5 ~l.j-H-ouse,-2..Main - ! - --_ ..

f Gulberg, Lahore I i
8. Tariq Hameed ! 83 G, Gulberg HI, Pakistani 13

I I I

I1 5 2 012/2 5 4 j817 7 9 1I Lahore I

9. Muhammad Ali [ House No. 184, Pakistani
13 217

1
i

Khokhar 1Street No. 36, Sector 6 ,., 0 3 9 1 i 8 6 2 5.)

F-l 011, Islamabad 1 I j1

10. ArifIqbal Rana i LUMS Opposite Pakistani I
2 ! 2

i ! ;

Sector U, DHA, ,., 5 2 0 5 716 i 0 5 0 ,., 1

.) .) I
Lahore 54792

I

I
11. Muhammad Afzaal 1 5 Club Road, GOR Pakistani ,., 5 2 0_1213 5 7 i 61 0 5 0 ,., 1I .) .) ;Bhatti i I, Lahore I I

12. Rehman Naseern : Tipu Sultan Road, Pakistani 1 ! I

4/817
1

13 6 ,., o 12/5 '" 9 6 I I
: Multan Cantt .) .)

!1 ! .
13. Junaid Fareed t RECH, Township, Pakistani i '"

! !

6 i2i8 1 I5 2 012 I 0
,., 6 9

I Lahore I.) .)

19 L' t f D' t th d t f F A
i Address: 23-C, Aziz Avenue Canal Bank Gulberg V, Lahore
I Name A.F Fergusons & Co. Chartered Accountants

- ..._ ...._--- - -----------~- __-_----_-.------- __---~--.-------

•



9. This form is to be filed within 30 days (45 days in case of listed company) of the date
indicated in S.No.3 above.

8. In case of foreign nationals, indicate "passport number" in the space provided for "NIC
No:' Pakistani nationals will only indicate "NIC NO."

7. In case a body corporate is a member, NIC number may be omitted to be given.

5. If the space provided in the Form is insufficient, the required particulars should be listed in
a separate statement attached to this return which should be similarly certified and signed.

6. The return and any statement attached hereto shall be signed by the chief executive or the
secretary.

4. When the shares are of different classes the columns should be subdivided so that the
number of each class held, or transferred, is shown separately against S. Nos. 10, 11,20 and
21.

3. Under S. No.20 above, the aggregate number of shares held by each member should be
stated, and the aggregates must be added up so as to agree with the number of shares stated
against NO. II.

Under nature of business, please.give preciselythe specific nature of business in which.the
company is engaged.

2.

I. The Form shall be made upto the date of last AGM of the Company or the last date of the
year where no AGM is held during the year.

INSTRUCTIONS FOR FILLING FORM-A

i Signature i
I

Designation (Please tick) i Chief Executive/Secretary

Date !26-04-2014! Day! Month

22. I certify that this return and the accompanying statements state the facts correctly and completely as on the date upto which
this Form-A is made

***Use separate sheet, if necessary'"'"

21. Transfer of shares (debentures) since last Form A was made i

Nameof Transferor Name ofTransferee Number of shares transferred Date of registration of transfer I
Members i

N/A I
Debenture holders ,

N/A -:

***Use separate sheet, ifnecessary***



Dr. Khan joined GEPCO as a junior engineer in 1993. Later on, over the years,
he served as Sub Divisional Officer, Assistant Director Planning, Executive
Engineer and Regional Manager at GEPCO. He also provided his services to
PEPCO as consultant and FESCO as Chief Executive Officer. Dr. Khan has
also served as the principal of Rachna College of Engineering and Technology,
Gujranwala. He also rendered services in NTDC as Manager Design and
Standards. He is a member of several engineering associations in Australia, the

Dr. Rana Abdul Jabbar Khan, currently providing his services to Quaid-e­
Azam Solar as Chief Operating Officer, is an electrical engineer by first degree
from University of Engineering and Technology Lahore, Pakistan. He has a
PhD degree in electrical power engineering from the RMIT University,
Melbourne, Australia and a masters degree in electrical power engineering from
the University ofWollongong, Australia.

Dr. Rana Abdul Jabbar Khan

Najam, an Electrical Engineer by first degree, holds a Masters in Manufacturing
and Supply Chain Management from Cranfield University, UK. Mr. Shah, a
Fulbright Scholar and an Eisenhower Fellow, also holds a Masters in Public
Administration from Harvard Kennedy School. He has served for many years
with Siemens as Commissioning Engineer and Project Manager on various
projects including KESC Bin Qasim Unit 6, HUBCO Power Plant and
KAPCO CCPS. Later on, Najam joined Pakistan Administrative Service and
has worked for 15 years in various assignments related to Procurement and
Project Management, Planning & Development and District Administration &
Coordination. As CEO of the company he believes in the importance of
renewable energy, urgency of setting early wins and need to steer solar projects
to pave way for others to join with comfort in the mission of fulfilling our
energy needs for better and greener world.

Najam Ahmad Shah

Given below is the brief profile of the management of Quaid-e-Azam Solar
Power (private) Limited:

Profile of Applicant's Management

11



Mr. Shamyl is a PV expert with a Masters degree in Renewable Energy from
University of Nottingham, UK. He is currently working as a Research Analyst
at Quaid-e-Azam Solar. His expertise in the field of solar energy makes him an

12

Ahmad Shamyl Akhlaq

Mr. Zaidi currently works as Procurement Manager at Quaid-e-Azam Solar
Power (Pvt.) Limited. His responsibilities include timely procurement of all
technical equipment required for the erection of 100:MWSolar Power Plant at
Lal Suhanara, Bahawalpur. He is a Project Management Professional and holds
dual Masters' degree in Management as well as in Business Administration from
reputed international and local universities. He has worked in Pakistan Tobacco
Company as a Supply Chain Financial Analyst and as a Projects and Utilities
Manager in Proctor and Gamble.

Syed Raza Ali Zaidi

Mr. Mubashar, currently employed in Quaid-e-Azam Solar Power (pvt.)
Limited as Chief Legal Officer is a man of proven ability. He has provided his
services in Legal Departments of LESCO and NTDCL as Legal Director and
General Manager (Legal & Corporate Affairs) respectively. His experience of
about 18 years also includes managerial position in SMEDA and in IDBP as
Vice President Litigation. He also served as Manager of Legal Department at
CITIBANK for a couple of years.

SayyedMubasher Masood

Muhammad Badar Ul Munir is QA Solar's Chief Financial Officer. He has
nearly 10 years of experience in financial operations, audit and management,
including 4 years at Ernst & Young, during previous employments; he held
various executive positions, including CFO from 2010 until the end of 2013 at
another Public Sector Company. He is member of the Institute of Chartered
Accountants of Pakistan and holds a Master's Degree in Economics.

Muhammad Badar Ul Munir

UK and the USA. His extensive experience in the Power Sector and well
recognized leadership skills makes him an excellent addition to the company.
He has over 45 research papers published internationally to date. He has also
been invited as guest key note speaker on various issues in the power sector in
different countries from time to time. As recognition of his meritorious
services, he has been nominated twice for Presidential Award.



Mr. Taha, currently employed as a Research Associate, is a fresh graduate from
LUMS with a Bachelors Degree in Electrical Engineering. He has a vast
experience of several electrical power projects during his internships in Tri
Pack Films Limited and Pak Elektron Limited. He is interested in pursuing his
career in alternate energy, especially solar energy as he believes that part of the
answer to the current energy crises in Pakistan lies in solar power.

SyedTaha Bin Tariq

Mr. Rehman is a fresh graduate from University of Wisconsin, USA, with
Bachelors in Mechanical Engineering. He is currently employed in Quaid-e­
Azam Solar as a Research Associate. His previous work experience includes an
internship at New Bong Escape Hydropower Project in Mangla Dam. Rehman
is interested in pursuing his career in Alternate energy as he believes it to be the
answer to the energy crisis in Pakistan.

Rehman Ur Rauf

excellent addition to the QA Solar team. He has previously worked in Mobilink
for a couple of years.

13
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Annexure 13

Annexure 14

9. Evidence of Financial Resources



Managing Director, Punjab Power Development Board

·c.C.

~J~._'W~~
G (FATIMA TAHiR)

SECTION OFFICER 0I'/&M)

the extent of 30% of the estimated project cost of Rs.i6.5 billion approximately.

100 MW Quaid-e-Azam Solar POW8i Project at Bahawafpur through equity participation to

I am further directed to convey confirmation of our intent to finance the2.
/-e(

on the subject noted above.

I am directed to refer to your letter No.QAS-14/02/01-02 dated 31.0i.2014

LEITER OF INTENT FROM PUNJAB GOVERNMENTSubject:

The Chief Executive Officer,
Quaid-e-Azam Solar Power (Pvt.) Ltd.
Suit 503 .; Shaheen Complex,
Egerton Road, Lahore.

To
Lahore, the February 11, 2014

No.FD(W&M)7-442/2013
GOVERNMENT OF THE PUNJAB

FINANCE DEPARTMENT



Regards' ~

Na!v:~~oo~~ ~ /
un::rH~ Jnves~m~t Banking

Assuring you of our best cooperation &assistance.

This finance shall be available to you on terms &.conditio.nswhich shall be subsequently advised to you
~n dearan.ce of the sUb.1ectfinanCing by our Board of Directors, internal credit approvals and
.pliance with all SBPPrudential Regulations.

We, hereby confirm that BOPis in the process of considering your request to part finance for a 100 MW
Solar Power Project to be set up at Quaid-e-AzamSolar Park, Bahawalpur which is expected to have a
project cost of around US Dollar 130-150 MilJionequivalent to approximately Pak Rupees 14.30 - 16.5
billion with a loan repayment tenor of around 10 years.

With reference to your letter No. QAS-14/02/01-01 dated January 31st, 2014, requesting us to issue a
letter of Intent so as to facilitate you for securing letter of Intent (LOI)from Punjab Power Development
Board (PPDB)for,the QASoiar Project.

100 MW Solar Power Project
uearSir,

Mr. Najam Ahmed Shah
Chief Executive Officer,
Quaid-e-Azam Solar Power (Pvt.) Ltd.
503, Shaheen Complex, Egerton Road,

_hare.

Date: February 8~2014.
RefNo:C&IBG~II/HO/BOP/043/2014.

The Bank of Punjab
Head Office, BcipTower,

Main Boulevard, Gulberg-3, lahore
Tele No. 111"200-1~O; FaxNo. 042-35783781



•

'..- ..-.--.~ ..."

3cd Floor, 83A/E-l, Main Boulevard,Gulberg III, Lahore

•

It is hereby certified that the company is newly incorporated and has not completed the financial year,
therefore no financial statements are available .

TO WHOM IT MAY CONCERN

--Quaid-e-Azam -Selar Power -(Pvt) Ltd.
I
I
1- Quu id-e ••v.", "",ur Puwcr "'" Limited



100% 15,000.00 I

75% 11,250.0 I
3,750.0

The project will be financed with a debt equity combination of 75:25. The
equity for the project shall be arranged form the Government of Punjab,
whereas debt is to be raised both from local financial institutions lead by Bank
of the Punjab. Table below depicts the debt and equity contribution to the
project.

• Financing Plan

Total 15,000.0 150.0

6.0 !

545.0 5.51
603.4Construction

0.550
1.01
2.0 I

100.0

Total cost for establishment of 100 MWp DC solar power plant on the basis of
feasibility study is estimated at PKR 15.0 Billion i.e. USD 150Million. This cost
comprises of Engineering, Procurement & Construction (EPC) Cost, Project
Development Cost, Technical Consultants/ Quality Assurance, Legal!
Financial Consultants, Interest during Construction (IDC) and contingencies.
These capital costs will be incurred to take the project into operations. The
following table presents the cost estimates for the total project

• Project Cost

Given below is the detail of estimated project cost and its financing:

12. Project Cost and Financing



Annexure 23

The Panel of Experts (poE) appointed by PPDB has reviewed the feasibility
study and their approval is provided as Annexure 23.

The feasibility study for this 100 MWp DC Solar PV Plant was carried out by
the consultants of the applicant i.e. JV of ECSP and 8P2 (German Experts in
Solar PV). This feasibility study (Annexure 22) includes all the technical aspects
and financial analysis required for the plant.

15. Feasibility Study

Annexure 22
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The Quaid-e-Azam Solar Park will be very beneficial to the people of Pakistan receiving
more power from the ultimately best source of power generation possibilities.
In addition, the project would in mostly all cases be a very good financial investment. Even in
the bad case scenarios there will be an IRR of nearly 10%.

The project time plan is very aggressive. The main risks for the time plan are delays for ne­
cessary approvals in the design phase and the delivery time for the High voltage SUbstation.
The construction of the solar field itself is not critical as the site is ideal for installation and
well prepared.

The main drivers for the financial case are the tariff, debt financing conditions and solar irrad­
iation. We estimate the uncertainty for the long term average irradiation at site with 5% and
the annual fluctuations from year to year also with 5%.

The base case assumes a tariff for the electricity injected to the grid of 21,73 PKR/kWh for
the first 10 years and 9,76 PKRlkWh thereafter. The total project costs are assumed to be
150 million USD of which 70% will be financed by a bank. The base case shows an IRR of
17% for the equity with a payback time of 5 years. The discounted cash flows (10%) amount
to a Net Present Value of 21 million USD.

In the base case with fixed mounted crystalline modules the power plant generates
3.860 Gigawatt hours of electricity over 25 years. To allow for some uncertainty in the irradia­
tion assumptions the financial base case is based on a production of 97% - 3.750 Gigawatt
hours over 25 years.

Concerning the mounting possibilities the fixed installation shall be implemented as it has
least capital and operational risks. The tracking devices require more maintenance due to
their moving parts. It is recommended to develop small areas of the 100 MW park with track­
ing systems, so that experience with this technology can be gathered and used to decide if
tracking systems should be considered in future PV park developments.

Most input parameters have been provided by the Engineering Consultancy Services Punjab
(ECSP). The quality and preparation of data are of a high standard. The analysis of the pro­
vided data and the results from the site visit let us conclude that there are good conditions in
place for developing the first 100 MW PV power plant. on the main infrastructure such as
road access, water supply and security wall is under construction and suitable. The assumed
development conditions for the first 100 MW are also applicable for the remaining 900 MW of
planned capacity.
Solar parks of this size are not the norm, but through the vast knowledge collected over
many years of experience with this technology, it is possible to develop highly efficient parks
irrespective of their size.

1 Executive Summary

This Study has the objective to assess the feasibility of the 100 MW Quaid-e-Azam Solar
Park, situated in the Cholistan desert and planned as the pilot project towards a 1 GW solar
power development at the same site. The assumptions, results and conclusions of this study
have been refined and confirmed during a site visit in January, 2014.

8.2Quaid-e-Azam Feasibility StudyECSP
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2.2 Project Status

A master plan was developed by ECSP. Within the master plan an overview of available in­
formation, the first steps of investigation into resources, rights and general information is giv­
en.

2.1 Technical Project Description

The overall Quaid-e-Azam Solar Park - located in the Cholistan desert region of the Baha­
walpur district - shall be started in the first phase with a 100 MW installation. This part shall
be connected to the 132 kV overhead power line that runs passed the park. Module technol­
ogy and design is not yet fixed.

2 Project information and outstanding items

This feasibility study summarizes and assesses the given information and includes additional
results from an extensive site visit.

8.2Quaid-e-Azam Feasibility StudyECSP
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4.2 Basic Principles of Photovoltaic Modules
Photovoltaic technologies differ primarily by the type of the manufacturing process, which
leads to different price ranges, manufacturing cost and performance for the different technol­
ogies. Photovoltaic technology is based on the photoelectric effect, in which the photons
emitted by the sun impact a semiconductor surface and are absorbed. The semiconductor is
typically made of silicon.
These absorbed photons hit the atoms and thus are releasing electrons, which causes a
chain reaction that multiplies the effect of electrons released. The electrons move from lower
potential to higher. This increase of potential results in the generation of current through po­
tential difference (voltage). The reactions and release of electrons is continuous.
The purity level of the conductor material is important and that there are no gaps at the mo­
lecular and atomic level of the semiconductor material. The higher the purity of the used ma­
terial, the greater is the likelihood that it achieves the maximum potential of a photoelectric
cell.
The efficiency of a solar cell (11)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 irra­
diance (E, in W I m2) under standard conditions (STC, 1000 W/m2, 25cC, AM 1,5), and the
surface area of the solar cell (Ac in rrr').

Figure 1 Single Line Diagram Photovoltaic System

,. transformers

~
medium-voltage irpower-line -grid-connectionr point

•

rmodules (strings)

4.1 Basic Principles of Solar Photovoltaic Plants
Solar photovoltaic plants use the global irradiation (GI), which is converted into electric ener­
gy. Adequate project locations should offer at least 1.200 kWh/m2 per year.

4 Overview of Photovoltaic Technology
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Advantages:

Polycrystalline Technology
This technology exists since 1981. The manufacturing process is simpler when compared
with mono-crystalline technology.

The disadvantages are:
• The initial investment costs are higher.
• Higher risk of damages during transport or during operation at sites with high wind

speeds.

The advantages are:
The loss of efficiency due to the higher temperature is lower than for other types of crys­
talline module technologies.
Mature and commercially proven technology.
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).
Lower installation costs.
More environmentally friendly than other technologies, for example, some thin film tech­
nologies use cadmium. Mono-crystalline cells are not harmful to the environment.

•

e •
•
•
•
•

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%.

Three main cell categories can be defined:
• Monocrystalline
• Polycrystalline
• Thin Film

A solar cell can operate in a wide range of voltages and currents. This can be achieved by
varying the load resistance in the electric circuit on the one hand and on the other, by varying
the impedance of the cell from the value zero (short circuit) to very high (open circuit). The
theoretical maximum power point can be determined this way, i.e. the point in which the
product of voltage V and current I are maximized in time. In other words, the load for which
the cell can deliver the maximum electric power for a given level of radiation.
Another important variable is the Normal Operating Cell Temperature (NOCT) of the module.
This is a characteristic cell value defined as the temperature of the cells, which they reach at
an irradiance of 800 W/m2, an ambient temperature of 20DC and a wind speed of 1 rn/s.

Pm [W] = Cell power at maximum power point at STC
E [W/m2] = power of global irradiation on cell area
Ac [m2) = cell surface area

Pm
TJ=-­

E xAc
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4.3 Mounting structures and tracking systems

The photovoltaic panels may be installed on fixed structures or on structures that are tracking
the sun. Trackers can be equipped with either a single axis or dual axis tracking system.
Fixed structures are usually just tilted to face south (north in southern hemisphere), or may
have south as their main angle and a slight inclination to the east and west as secondary
angle (for example 10°). This roof-shape inclination would offer lower peak capacity, however
the generation curve would be less spiked and allow an energy generation distribution to be
more equal over the day.
For tracker solutions, the aim is to follow the sun and maintain the panels perpendicular to
the axis of incidence of the sun. Thus a greater efficiency in converting solar energy can be
achieved. The dual axis tracking can follow the sun both in azimuth and angle - this means
that the sun can be tracked over the course of the day, from east to west and the tilt angle
can also be adjusted to compensate for the changing angle the sun has over the year. The
decision to choose any of the three types of mounting structure is based on a technical and
economic evaluation. When choosing a tracking system, the extra energy generation in com­
bination with the energy price must be compared to the additional investment and mainten­
ance costs required for tracking systems.

Disadvantages:
• Faster degradation rate of up to 0.7% per year.
• Lower efficiency leads to greater surface area requirements, for the same capacity.

Advantages:
• Easier to manufacture, thus lower costs.
• Homogenous appearance.
• Flexible, hence for use at different applications and surfaces.
• Less affected by high temperatures and shadowing.

Thin Film technologies have a low market share, except of the CdTe material. Depending on
the technology, standard thin film module efficiencies have reached 7-14%, Prototypes of
these technologies reach 16% and more which is expected to be transformed to standard
products in the future.

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-Si)
• Cadmium Telluride (CdTe)
• Copper Iridium Gallium Selenium (CIS / CIGS)
• Organic photovoltaic cells

Disadvantages:
• Lower efficiency, due to lower purity ofthe cell material: 13-16% (module size)
• Because of the lower efficiency, slightly more ground surface area is required to reach

the same capacity (as for mono crystalline).

• Lower production costs.
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4.5 Control System

A PV plant typically is controlled by a SCADA System (Supervisory Control and Data Acqui­
sition) 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.

4.4 Inverter Technology

Because photovoltaic panels generate DC electricity, it must be converted to alternating cur­
rent before it can be fed into the grid. This is achieved by an electronic device called an in­
verter that performs this function.
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 con­
nected 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 or HV-Transformer, and then
connected to a medium or high voltage grid (for instance 132 kVas in Pakistan).

8.2Quaid-e-Azam Feasibility StudyECSP



6.2 Climate conditions

Climate conditions have influence on construction and foundation lay-out as well as energy
production. The region is part of the Cholistan Desert. The name might be a little misleading
as the site is surrounded by agricultural used land. There are seasonal variations from cold
winters to hot summers with up to 40 or even 50°C.

Figure 2 Overview Quaid-e-Azam Solar Park
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6.1 Geographic Parameters

The site of Quaid-e-Azam Solar Park is located in the southern region of the Punjab province
about 20 km south east of Bahawalpur (geo coordinates 71.78° east /29.4° north).
Most of the Bahawalpur district (about 2/3) is called Cholistan desert.
The overall site for up to 1.000 MW targeted PV-power includes slightly different conditions
according to land use (agriculture) and soil conditions (unused arid regions and desert).

6 Site Description and Assessment
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The region is a distinctly low wind area with means of less than 2,5 m/s. With the monsoon
season the wind speeds up especially at daylight. Storm events are logged by the meteoro-

There is an average of 8 to 9 hours of clear sky per day throughout the year and 2900 h -
3300 h sun hours annually.

Figure 5 Soil

Drainage from the site seems not to be an issue. Few dried out puddles could be found and
seepage into the sandy ground seems to be effective.

Figure 4 Rainfall

Monthly Rain

The monsoon season lasts from May through September with a peak in July and August.
60-70% of the yearly rainfall is in those months. The average rain fall per year is about 170-
200mm.

Figure 3 Site Temperature Range
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Impact on the project:
The inverters for this site should be designed for high ambient temperatures and all of the
Inverters, transformers etc. should be installed on elevated terrain. Dusty conditions shall be
considered for the design of filters for all electric equipment and buildings. The position of the
modules and other structures should be chosen so that an intelligent drainage and seepage
network can be incorporated into the park.

Figure 7 Risk of Flooding (Source: World Food Programme (http://de.wfp.org/))
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Micro climate effects can cause dusty and windy conditions which should be evaluated more
deeply. Broken up surface causes swirling dust at wind speeds of higher 5-6 mls (4Bfd)
Seasonal flooding could be a point to consider as the inflows of the Indus, Satluj and Pan­
jnad are all close by and at similar elevation (-115 m site level to -110m river level above
sea level). Recent events of flooding did have no impact in this specific region .

Figure 6 Storms
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logical station of Bahawalpur with maximum gust wind speeds of 20-30 mls and single
events of up to 40 mls (-15m above ground).
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For heavy transport traffic it has to be prepared. The natural state layer is not suitable as a
foundation bearing layer. Further investigations with focus on necessary preparations are
required. Detailed soil study has been carried out.
On behalf of the large area for the fully developed solar park of 1000 MW the terrain is most­
ly even. Various landmarks like steep slopes, gullies, roads, cables, pipes and others are
already identified and marked. Stabilized dunes are common in some sections. For the plan­
ning of the solar park a closer look at the data and a small scale on site viewing is required.

Figure 9 Vegetation

6.4 Topography and grounding

The soil in this desert like region is mostly sandy to dusty and slightly salty. Several halophyt­
ic shrubs grow in this region. Broken ground stabilizes after two to three years.

Figure 8 Rodents

6.3 Environmental Aspects

The area is at present free of pollution. No industrial activities are present. There are few
agriculture activities around the site. Pakistan Environment Protection Agency (pac-EPA)
has no regulations or requirements for solar power generation (PEPA Regulations 2000).
Low rainfall and some wind causes slight erosion of soil. No protected wild plants or animals
are reported for that site. The ecosystem is described as fragile. The acoustic environment is
good with low noise from some local traffic on dirt roads.
Impact on the project:
No critical aspect can be detected as long as all obligatory safety rules are respected e.g. for
oil pollution from facilities and transformers.
A large population of rodents lives in that area. They are known to eat plastics and cables.
During site visit we saw only their holes in the ground.
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Potential risk of earthquakes is a clear point of consideration as the site is found in the 2A
seismic zone with basic earthquake intensity less than Grade VI in that region. Geological
activity is frequent. Overall the region is of stable structure. More information is required for
proper design of substructures and foundations. The ground conditions can be described as
intermediately complicated.
Summary of soil conditions (Selecting Ha/opbytic Shrubs for the Cho/istan Desert by M. Ab­
dullah, * M. Akram, * WA. Khan * and N.J. Davidsont)
New and more reliable data is available in the detailed soil study.

Figure 11 Superficial digging at the edge of a dune

Once the loose sand of the dunes is cleared, the table of stabilized ground becomes visible.
It is compacted by rain water and small amounts of salt (slight salty taste). The ground looks
ideal for pile ramming but with some mechanical resistance. More details are stated in the
geological survey.

Figure 10 Dust development
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5.5 Meteorology including Solar Resource
Pakistan is exposed to strong solar radiation, long hours of sunshine, and abundant solar
energy resources. The annual sunshine hours range between 2900 h - 3300 h, with a daily
average of 8.1 h - 9.2 h sunshine hours.

Bahawalpur District is located in the south of Punjab Province. The Meteorological Station in
Bahawalpur District is located at 71.78 degrees east longitude and 29.4 degrees north lati­
tude (in terms of the geographical coordinates), and the Observation Field is 116 m above
the sea level. The basic available meteorological data and the sunshine hours from 1982 to
1991 and from 1996 to 2012 (27 years) of this Meteorological Station have been collected
and can be requested by QA Solar.

Figure 12 Soil Analysis

Electric grounding should be no problem as the ground water table is about 5 to 6m below
surface.
Impact on the project:
Overall conditions are more or less standard and various solutions can be developed to real­
ize the project. Foundations for Buildings have to be well prepared. Pile driven sub construc­
tion seems to be the best foundation for PV-generator. The overall design, selection of com­
ponents and all constructions and foundations as well as cabling have to take these condi­
tions into consideration.
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For determining the best data source for the solar irradiation predictions we used data
sources from NASA, meteonorm and SolarGIS. In the following we describe the differences
and define the preferred meteorological dataset for the yield assessment.
The high level of global horizontal irradiation with the typical shape of seasonal variation
through the monthly values shows only differences of 2-3% on yearly basis between different
sources.
SolarGIS provides irradiation data based on calculations from satellite images. The database
represents long-term global data (1999 to 2012). The spatial resolution is 250 m. SolarGIS
typically has an uncertainty of 3.5% based on experiences in other countries of the MENA
region and Middle East. For Pakistan and the region of Cholistan we assume an uncertainty
of 5% due to missing close reliable reference meteo stations with measurement for irra­
diance values. Another uncertainty comes from the relatively flat angle of the satellite view
and a recent shift of the satellite position in the orbit with some effect to long term data.
Meteonorm uses several sources for mean values with an internal and mainly unknown cal­
culation. Different long term values (averages over 10 and 20 years) from different versions
(meteonorm 6 and 7) with some small differences to each other are provided. For long term
calculations also long term historical data are the best choice. For the youngest 20 year av­
erage (1986-2005) and due to only small number of ground based and close reference we
calculate an uncertainty of 10%.
The NASA source also uses satellite images but with own calculations for irradiance data.
For Pakistan we can recommend an uncertainty of not better than 15% due to experiences in
India.
For energy yield calculations in the region of Cholistan the SolarGIS data are most reliable
and shall be taken as the basis for the QA Solar Park.

Figure 13 Meteo Data Site
SolarGIS and Meteorological Station Bahawalpur District
Hours (* Meteonorm T, explanation in )
Average ambient temperature
Average wind velocity

Source:
Sun hours:
TAmb:
WindVel:

2900-3300Ann~"'.L"'verage

February
, ._,, __ ,,__ w_.,, __ .__

March
~._ ...-_._-,---_,,_,_,.-

April

May

The region of Cholistan desert is over all hot and dry as shown in the following table:
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Interesting but not relevant for energy yield calculation is another diagram which demon­
strates the number of sun hours. "Sun Hour" is defined as a global irradiance >120 W/m2 on
a plane facing direction to the sun. That does not mean that the sun itself must be visible.
Even at hazy or misty conditions this value and more can be reached.

NASA 1981-2011 GlobHor
kWhlm2.mth

• Meteononn 7 1986-2005
GlobHor kWhlm2,mth

IliSolarGIS 1999-2012 GlobHor
kWhlm2.mth

Figure 15Comparison of results from different sources for irradiance data
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Figure 14Results from different sources for irradiance data

kWh/m2.mth kWh/m2.mth
. January 104 102
February 118 124
March 157 180
April 179 197
May 194 209
June 182 190
July 184
August 182 185
September 175
October 144 160
, November 114 115
December 99 103
Annual sum kWh/m2*a 1827 1921
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The master planning report for infrastructure development of Quaid-e-Azam Solar Park, Cho­
listan states the following:

1) Road Traffic Planning

The main roads of the overall solar park are planned through the western and eastern corri­
dors and inter-connected at the northern and southern boundaries in the form of a ring for
ensuring complete connection to all the solar farms and the general services area. The main
road in the eastern corridor will be located parallel to the existing 132 kV transmission line at
a minimum distance of 30 m for safety reasons.

Figure 17 Access Road

6.6 Transport Access

The site lies 8.0 km south of the Bahawalpur-Hasilpur highway, 6.0 km east of the Bahawal­
pur-Yazman road, and the north of Kudwala road. In Bahawalpur the nearest airport is locat­
ed, at a distance of 13 km and the nearest railway station at a distance of 20 km.

Presently the QA Solar Park site is accessible via a jeep track off the road along Ahmadpur
Canal 3 km from site. For reliable access, C&W Department is already constructing a road
off from the Bahawalpur-Hasilpur road and that will end at the solar park entrance, almost in
the middle of its northern periphery.

Figure 16 Sun Hours (Source: Meteonorm 7)
Yellow = astronomical, theoretically when the sun is above horizon
• = real, with a global irradiance >120/m2 on a plane, facing to the sun position
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Road-C will be provided in the sub-corridor C while road B will pass through corridor B. Be­
sides accommodating the roads, the corridors will also be used for overhead power lines,
buried water pipelines, telecommunication lines and other utilities. The main roads passing
through the corridors have a total width of 12.7 meters with a carriageway of 7.3 meters, and
has a 50 mm thick asphalt wearing course over water bound macadam base, treated shoul­
ders 1.2 m wide and earthen berms 1.5 m wide. Cross slope of the road will be 1.5% for easy
surface drainage. As the terrain is sandy, side slopes are adopted as 1:4 for stability pur­
pose. Right of way for the roads is recommended as 40m.

2) Design of Road Works

The roads will turn orthogonally at 900 as much as possible, Precautionary lights are recom­
mended along the roads. Considering the small population, and light traffic, the road turnings
are planned to be rounded off only at the roadway edge. No public transportation will be
permitted to enter the solar park. Solar farm sponsors will arrange vehicles according to their
own needs for travelling in and out of the farm along with parking lots within their farm
boundaries.

3) Road Vertical Design

As the land within the solar park is undulating, the range of longitudinal gradient of roads is
recommended to be 0.3%. In specific cases like escarpments, the gradient limitation may be
relaxed according to site conditions. In order to ensure smooth longitudinal curve of the road,
cut and fill balance method should be used. Factors such as comfort, smooth ride, engineer­
ing parameters and proper visibility are to be considered in vertical design, especially at road
turnings whereas the longitudinal slopes of roads on both sides of the turning should remain
the same.

4) Road bed / Subgrade

The road bed is required to be strong, stable and economical and should be prepared ac­
cording to the local conditions including geology, hydrology and available material as well as
other construction requirements. Accordingly the subgrade is proposed to have a minimum
thickness of 300 mm having CBR values 8 %. Compaction of fill material in the subgrade
should be 95 % of AASHTO T-180 (MOD). Borrow pits and spoil heaps should be properly
dressed to avoid any hazards.

5) Pavement

It is expected that during construction of the solar farms, there will be considerable vehicle
movement on the roads, however during the operation stage; the traffic will be quite light.
The road pavement has been accordingly designed on the basis of one million ESAL traffic
load and subgrade CBR requirement of 8 %. The road surface needs to be stable and strong
enough to meet the requirements of being smooth, anti-sliding and having a good drain sys­
tem. Accordingly, the consultants have proposed a sub-base thickness of 150 mm, overlain
with 175 mm thick water bound macadam meeting the standard AASHTO specification. The
asphalt wearing course is designed to have a thickness of 50 mm. The shoulders will have a

Figure 18 HV Power Line 132 kV
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5.8 Grid Access

Currently there is no grid access directly on site, but a 132 kV overhead line, from Lal Soha­
nra to Samasata, passes directly along the site boundary. This power line is the proposed
interconnection point for evacuating the power generated by the PV park. A 132 kV step-up
station will be needed for connection to the 132 kV lines.

5.7 Water Access
The desert like region has only little water resources from rain (200mm/a) and some ground­
water (likely fresh water) from seepage next to some channels but outside of the site. Water
can be obtained from a borehole during and after construction. The capacity has to be eva­
luated with respect to other users e.g. for agriculture. Water can also be obtained from tube
wells along the canals. These tube wells are almost 8 km away from solar park site, such it is

- planned to lay a forced main of 8" diameter from three tube wells to the solar park site where
it will be stored in a ground storage tank of 50,000 gallons. The solar farm will be supplied
through a 4" diameter outlet and will have its own ground storage tank. These systems are in
the planning phase.
Water will be required for dust prevention during the construction phase and eventually for
cleaning of modules in the operation phase.

double surface treatment over the 150 mm thick water bound macadam. Thickness of sub­
base and subgrade will be the same as that for the main carriageway.

The roads are proposed to be constructed phase-wise based on traffic needs. The first road
is proposed to be built from the end of access road being constructed by C&W up to the
phase-I area.

6) Road Traffic Safety Facilities

Necessary traffic safety facilities are proposed according to safety regulations, to ensure the
safety of vehicles and pedestrians."

The EPC will be just responsible for the road developments on site.

As the road developments are not finalized yet, the risk of delays for the construction start
occurs.
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6.9 Facility Access

The QA solar park is about 18 km away from Bahawalpur, where facilities such as a fire de­
partment, a police station and a hospital are available.
The fire station can meet the fire protection requirements of the park. As such there is no
need to build a dedicated fire station within the park itself. The water for fire-fighting is pro­
posed to be supplied through the main water supply pipe running between the eastern and
western corridors.
According to the features of the solar power generation park, and on the basis of the relevant
specifications of Code of Design on Building Fire Protection and Prevention (GB50016-
2006), fire hydrants will be provided in the general services area and the 220 kVA
step-up station. The outdoor fire hydrant shall be erected along the roadside, and the
arranged distance between the hydrants shall be no more than 120 m. The fire devices shall
be designed according to the secondary load power supply standard, using double circuit
power supply and switching automatically at the end. The fire devices shall use fire pro­
tection or fire-resistant cables. The fire protection and firefighting system of each plot in the

An 11 kV grid is available from which arrangements of power supply are being made by Pun­
jab Industrial Estate & management company (PIEDMC) belonging to the Punjab Industries
Department. It is planned to have power available on site at construction start. In the case
that the infra-structural development is not finalized by the start of construction phase, a die­
sel generator solution will have to be provided.

Figure 19 Interconnection Plan
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7.2 Power plant technology configurations
In general several technology configurations can be realized.
Easiest and cheapest technology configuration is fixed mounted module installation with a
25-30° tilt to the south with central inverters. The density of installed PV power to ground
space is highest and the specific energy output by installed PV power is lowest.
Alternatively a dual axis tracking system is the complete opposite, it is more expensive, it has
the lowest density of installed PV power to ground space and the highest specific energy
output of installed PV Power.
A compromise of these two technologies exists in the form of the single axis tracking system.
This option offers a good cost to power ratio. Due to this insight, several versions of single
axis tracking systems (with horizontal North-South axis) were compared.

This power line will be large enough for supply the auxiliary power, but not large enough to
evacuate the produced electricity of the park.

Figure 20 Power Supply 11 kV (red line)

LEGEND

7.1 Power supply infrastructure

For this first Phase of 100 MW of the Quaid-e-Azam Solar Park an 11 kV overhead power
line is planned and will come from the north.

7 Plant Layout and Description of Technical Equipment

park is part of safety requirement and shall be designed and provided by each solar farm
entrepreneur.
The distance to the hospital is acceptable. An emergency kit has to be provided in each sta­
tion on site, along with an emergency guideline, the emergency number and a description of
the travel route to enable a rapid aid.
The distance to the police station is also acceptable, but it is recommended that the site has
its own full time security staff located near or on the site.
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7.4 Grid connection

A grid connection, for this first phase of 100 MW, can be realized by connecting the park to
the north-south running overhead 132 kV power line that runs right along the east border of
the park. Suitable step up transformers (park internal) and substation are required.
Impact on the project:
Delivery time for a substation transformer is very uncertain due to potentially very specific
design parameters. We can only give a broad range of 4-9 months. So this sub-project
should be started first.

Figure 21 Infrastructure developments (Access Road, Wall)

7.3 Required infrastructure developments

To date the area of the solar park is mainly unused desert region with a HV overhead power
line running from north-south. All types of infrastructure need to be developed; this includes
water supply, energy supply, road access (both to and around the park).

Pile rammed substructure are the best recommended foundations for PV racks, according to
geotechnical investigations, but the best foundation for this specific site should only be de­
cided on after further investigation.
Impact on the project
Detailed yield analyses have to be carried out for multiple options. RFP should not be fixed to
one option but to the highest yield/cost ratio.
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8.1 Possible electrical faults and their impact on the grid
In general, measures have to be taken in order to assure that all types of electrical faults as
well all other states of the PV plant are managed in accordance with the relevant national
grid code (NEPRA Grid Code June-2005) and potentially existing so-called "Technical Condi­
tions for Grid Connection" of the corresponding grid operator. The needs can be fulfilled by
selecting the right safety equipment and a safety concept which includes all components
from inverter up to the grid connection point.

8 Grid interconnection
In developed countries, many years of experience with, grid connected renewable energy
power plants have shown that it is possible to integrate these power plants into the grid un­
der consideration of clearly defined technical aspects. PV plants, especially, are also able to
offer reactive power 24/7 and can thereby help to stabilize the grid.

Figure 22 Tentative Schedule
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7.5 Time line
A time line for development, construction, commissioning and test run is been given below.
The overall schedule is based on a European setup where all infrastructure and permitting
issues are known and been taken care There is a high uncertainty for the specification and
delivery of the HV Substation. This critical path can extend the project by up to 4 months
time. For Pakistan it will be challenging due to the uncertainty of available infrastructure and
labour for construction start and maybe permitting or logistical issues.

Quaid-e-AzamFeasibility Study 8.2ECSP
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7.5 Technical Specifications

Define technical specifications for grid interconnection and the according equipment in com­
pliance with international and national standards (voltage and frequency range, power factor,
voltage drop, current rating, switching capability, safety features, control and monitoring etc.)
Prior to setting up technical specifications for the grid connection a comprehensive analysis,
of the existing grid codes, relevant guidelines and national regulations, has to take place with
the target to establish the exact conditions for a safe, technically and economically viable grid
connection of the PV plant. Following this analysis, detailed technical requirement specifica­
tions concerning the behavior of the grid connected PV plant can be set up in order to make
sure that faults and deviations from the established set of conditions result in predefined ac­
tions. Key issues in this respect are:

• Decoupling of the PV plant in case of short circuit and voltage or frequency deviation
above or below defined thresholds

• Dynamic grid support in case of short term voltage drops
• Provision of reactive power and control of effective power as required

7.4 Grid control strategies

Basically grid control strategies Can only be set up with a somewhat clear understanding of
the potential energy mix of a specific region in the future. Once this mix is known at least on
"target basis", it is feasible to exploit the potential of modern inverters to the full extent, for
instance their capabilities of providing reactive power on demand in more or less real time or
in case of low voltage. Accordingly to the aims of the master plan the requirements of the
grid code have to be broken down into requirements for the PV-plants. Therewith the PV­
plant can be designed to support a proper control of the grid.

7.3 Balancing power

Due to their very nature, PV plants as such are not suitable for providing balancing power.
According to the installed inverters the PV plant has to be operated far below nominal power
at certain times of the day to ensure the requested reactive power. Usually inverters react
slowly to the request to change the share of reactive power. Due to the slow reaction of the
inverters and the need for fast power balancing, a compensation system has to be imple­
mented. The PV plant needs to be assessed, so that adequate measures to provide the re­
quired balancing power can be implemented and an overall monitoring and control system
installed.

7.2 Impact on the evacuation network

With respect to the transmission grid at high voltage level the conditions for a safe grid inte­
gration of 100 MVA nominal AC power and in particular the planned extension of the PV
plant at the given location need to be assessed. The corresponding key indicators for this
assessment are the short circuit power and the impedance angle of the grid at the grid con­
nection point.
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Figure 24 Meteo data at site (Source: SolarGIS)
GlobHor: Averagemonthlysum of global Irradiationin horizontalplane
BeamNor: Averagevertical beamto moduleplane
T Amb: Averageambienttemperature
WindVel: Averagewind velocity
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Through a comparison of the data of Bahawalpur meteorological station and GIS data, we
recommend to use the GIS data as irradiation data for further analyses. The uncertainty of
SolarGIS data we assume to be 5%.

Averageannualsum(1999-2011)
~J~i~~ :~i::30:i._.

< 1000 1200 1400 1600 1800 2000 2200> kWhlm2

Figure 23 Global horizontal irradiation (GHI) for Pakistan (Source: SolarGIS 2012)

9.1 Solarirradiationdata
Some solar data is available back to the early 1980s from the Meteo Station of the Bahawal­
pur District. The given sunshine hours can only indicate the volatility through the years which
is around 20%. Beside these sun hour data there are also other sources for irradiation data
available e.g. satellite data. Dimension shall be kWh/m2 instead of sun hours to calculate
energy values. In a first analysis the annual horizontal global irradiation was evaluated at
1920 kWh/m2.

9 EnergyYieldAssessment
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8.3 Shadinganalyses

From vegetation and terrain no relevant shading objects could be identified during the site
visit in January, 2014. The environmental study shall state whether trees have to be left on
site.

b PModule ]
llsTC =

Module X 1.000

The module efficiency (contrary to the cell efficiency) considers the gross module surface
and can be calculated as follows:

= energy coming from the inverter or measured at the energy meter in kWh
= unshaded irradiation at module level in kWh
= total surface of all solar modules in m2

= module efficiency at STC

. E AC

E Irradiation

A Array

'1 STC

PR = 100 x [ EAC ]
Elrradiation XAArrayXTJSTC

8.2 PerformanceRatio

A solar cell is the smallest semiconductor element within a PV module to perform the imme­
diate conversion of sunlight into electrical energy by the photovoltaic effect. Depending on
the employed technology, the degree of efficiency amounts up to 18%. This value seems to
be quite low but the free supply of primary energy (solar radiation) and the corresponding
absence of power dissipation in the conventional sense should be taken into consideration.
By using appropriate technology, the direct current generated by the solar modules is con­
verted into alternating current that can be fed into the public power supply.
The conversion into alternating current implicates losses depending on the PV system confi­
guration, the choice of components and to a minor degree on the local site conditions.
If these losses are identified and evaluated, the system operation quality - the performance
ratio (PR) - can be ascertained.
The PR is stated as percent and describes the relationship between the actual and theoreti­
cal energy outputs of the PV plant considering module efficiency.
PR = energy yield / (unshaded annual irradiation on array surface * module efficiency accord­
ing to STC)
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Technical losses because of temperature fluctuation
Ambient temperature and degree of irradiation have an influence on the cell temperature and
so affect the energy conversion process. According to the defined STC value of 25° C, the

Technical losses because of part-load operation
The intensity of irradiation in solar plants changes in the course of the year. The conversion
into electricity does not happen linearly to the changing irradiation conditions.

Technical losses because of dirt
Dirt on the modules also causes shading effects which can change over time and seasonally.
This shading impact on the energy yield depends for example on the surrounding landscape,
cultivation and precipitation. The impact can only be appraised and is based on experience
values. Consequently, the uncertainty is high. Then again, the degree of this shading effect is
quite low and amounts to 1-2% under normal conditions in Central Europe.

8.4.2 Description of types of technical iosses:

Technical losses because of shading
If there are objects in the immediate environment of the planned solar plant causing shading
of the solar generator, these shadings can be considered and simulated previously within a
shading analysis. A distinction is made between "horizon shading" and "nearby shading".
Horizon shading causes a shading effect which has a permanent impact on the entire gene­
ra-tor field. The simulation considers this effect by adjusting the horizon line. Objects that are
in a large distance to the modules, e.g. mountain ranges, are typical horizon shadings. Such
shadings always affect a larger module field, i.e. an array.
Nearby shading has a temporally and spatially impact only on several parts of the generator
field. Other parts of the plant remain absolutely unaffected. Objects at close distance to the
modules act as cast shadows, e.g. power poles, trees but also row shading in large rack­
mounted solar fields.
Depending on the site conditions, these aspects are considered in the yield simulation.

8.4.1 System Operation Quality / Performance Ratio

A fundamental step in understanding this important quality criterion is the explanation of the
typical loss factors affecting the energy yield with different weights. In every simulation step,
all described aspects have an hourly impact on the overall result.

Irradiation gain by inclination of modules
In non-equatorial zones, the degree of irradiation at module level can be improved by the
inclination of modules southwards (northern hemisphere) or northwards (southern hemis­
phere) against the horizontal. When reaching a normal module inclination angle of 25-30
degrees, the irradiation gain can amount up to 13-15 % in temperate zones. It is expressed
by the surface-factor F(A) - 1,13 - 1,15. The inclination angle causes an additional irradia­
tion because the ground reflects the light to the modules. This reflection on different soil
types is expressed by the Albedo Factor. There are empirical values for different soil surfac­
es. For example, the solar reflectance of grassland and cropland is about 20%. The effect on
the energy yield is scarcely weighty but it is even so considered in the yield simulations. The
product of irradiated amount of energy at module level and module efficiency (not cell effi­
ciency, which is higher) is the basis for the initial value for the PR calculation and is defined
to be 100%.

8.4 Expected losses
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Up to now the technical design is not decided yet. First brief analyses have been calculated
for three typical designs. The above described losses come out of the yield calculations as a
so called waterfall diagram, see below for the fixed mounted structure.
Starting with the Horizontal Global Irradiance the tilted installation increases the irradiance
on tilted module plane - in the shown example - by 8%. Near shadings and glass reflections
reduce that gain.
Once the irradiance reaches the active cell it is converted to electric power by the efficiency
of the cell ("PV conversion").
The electrical system then causes more losses which depend on the characteristic behavior
of the components cabling design and operation.

Technical losses because of transformation (transformer losses)
Transformer losses depend simultaneously on several parameters and so unfortunately can­
not be simulated correctly. That's why, depending on transformer quality, the performance
ratio and the yields include a blanket value.

Technical losses because of DC/AC inversion
The conversion of direct current into grid compatible alternating current entails inevitable
losses. The manufacturer's data of the inverters relating to the European standard efficiency
regard typical European operating conditions. The temporal distribution of the perfonnance
quantity is evaluated here.

Technical losses because of cable losses
The whole wiring of the solar park is subjected to cable losses due to the natural resistance
of conductors - the so-called ohmic resistance. Due to small-scaled plant design and cable
dimensioning for maximum performance, losses normally amount to 1-2%.

Technical losses because of weathering arid degradation
Changes in the energy yield because of weathering are not considered in the simulation.
Performance guarantees of the manufacturer and different practical results diverge a lot.
Former long-term study findings cannot be applied easily to modules produced with today's
manufacturing processes and product features. But it is assumed that today's processes and
technologies lead to a higher module quality. The consideration of a correction value for wea­
thering I degradation is recommended for the overall result.

Technical losses because of fluctuations in module performance
Due to production reasons, the module performances are subject to slight fluctuations (see
data sheet "module performance"). Because of the different manufacturing technologies the
module wiring to module strings causes the so-called mismatch effect.

Technical losses because of reflection
In particular, inclined irradiation causes reflection of sunlight at the glass and cell surface.
Although this is a small effect, it is considered by an empirically determined factor: lAM (Inci­
dence Angle Modifier) = 0,05.

electrical power output decreases with higher cell temperature and increases with lower cell
temperature. The module model shows this characteristic by means of temperature coeffi­
cients for current and voltage.
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Figure 25 Waterfall diagram of losses
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8.7 Risk mitigation

Risk mitigation for meteorological data is not possible in practice.
The internal operational risks of soiling losses and component defects can be mitigated very
well through a staged quality assurance process for component selection and functionality
tests.
The internal operations risk can be mitigated by a professional operation and maintenance
service or its control.
The evaluation of external operational risk is not part of this feasibility study but assumed to
be low.

8.6 Uncertainty of simulation

Assuming the system will be constructed as per our simulation with the components we as­
sumed and the components been delivered as per datasheet there will be meteorological
and operational uncertainty left.
The meteorological uncertainty we assume with 10% according to initial long term irradiance
resource data (5%) and year to year irradiance variations as well as temperature losses.
The operational risks include soiling losses, downtime due to components errors and forced
downtime due to grid failures or other external events. In our simulation we assumed 2% of
soiling losses and no external events.

The overall yield can be calculated by multiplying the specific yield by the total park power in
kWp.
All results include transformer losses and cable losses to the point of interconnection to the
HV Power line.

Figure 26 Simulation results by technical design (details in Appendix 1, Chapter 10)

8.5 Energy yield simulation for most suitable technical design

Different pre-assessments have been calculated with the simulation software PV Syst.
PV Syst takes as an input the meteorological data as well as a given system design and a
component selection. Then it simulates a whole operational year in two-minutes-steps.
The options for technical design are fixed tilted, single axis tracker and dual axis tracker. The
first high level yield assessments show following annual outputs to grid at P50 level. The re­
sults are calculated for the point of interconnection with the HV grid.

8.2Quaid-e-Azam Feasibility StudyECSP



Page 36 of 5613K4369/Quaid-e-Azam_1/Kd/2013

9.1.3 Output parameters

As a result, the financial model calculates
the Net Present Value (NPV) of the project, a measure for the discounted cash flow.
The NPV is a profit based criteria which takes into account the profit of all future years
discounted to present with a set discount factor. The discount factor shall be in line
with the risk of the project. A low risk project shall have a lower discount factor than a
high risked project.
the Equity Internal Rate of Return (IRR), a measure for capital efficiency. The IRR
will tell how much return the bound equity is returning. It is not a measure for the prof­
itability.
the payback period, a measure of risk for the bound equity. The faster the equity is
returned the less capital risk a project has.
the levelized cost of electricity (LCOE) of the investment is the discounted cost of
the kWh of electricity is produced during the lifetime of the project. The LCOE does
not need any assumption of the value of energy produced or the financing options.
Therefore the LCOE will be used to select the best EPC bidder for the project and
shall be in line with the financial criteria above.

9.1.2 The model

The financial model is calculating the yearly cash flow of the power plant using the input pa­
rameters. Besides the annual cash flow defined decision criteria are calculated to enable an
evaluation of the project.
During the scenario analysis one or more input parameters are changed within their ex­
pected possibilities to see the robustness and impact of such changes to allow for decision
under uncertainty.

9.1.1 Input parameters

Main input parameters for the financial model are,
the estimated annual electricity yield given in MWh per year (based on site-specific
solar irradiation),
investment costs or capital expenditure ( CAPEX),
annual operation expenses (OPEX)
economic assumptions in general and
the financing parameters.

9.1 Financial model - methodology

The financial model is designed to translate the technical model of the power plant into a
financial investment case to allow for a decision to execute on the project and if so to start
financing negotiations.
Most of the input parameters will be uncertain up and until the power plant is operational,
hence the decision to build and to finance has been taken. To allow for decision under uncer­
tainty a sensitivity analysis is carried out.
In the sensitivity analysis key driving factors will be established and the impact on the base
case analysed.

9 Financial Analysis
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Figure 28 O&M cost estimations

Figure 27 EPC cost estimations

9.2 Cost Summary of Technologies
The following table shows the basic installation cost including substation and grid con­
nection for fixed mounted systems, single axis tracker and dual axis tracker for the same
module type and installed PV power (MWp).
The cost comparison does not take the cost of land, development and financing into
consideration. The stated costs refer to standard field installations of multi crystalline tech­
nology but not to the terrain specific costs. However, the terrain for the project close to Ba­
hawalpur is considered to be a low cost terrain.
This table does not show the differences in total energy yield for the different systems. As
mentioned Chapter 8.5 a dual axis tracking system can harness up to 20% more energy as
compared to fixed installation.

Weighted Cost of Capital (WACC) of the investment to calculate an appropriate dis­
count rate for the whole project, not just the equity. The formula is the cost of debt
weighted with the percentage of debt and the equity IRR weighted with the share of
equity of the total costs.
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Annual indexation and exchange rate

9.3.2 Revenue Assumptions

Feed in tariff
The feed in tariff reflects the value per kWh solar electricity injected to the grid. Based on
current discussions and preliminary negotiations with the power off-taker a feed in tariff of
21,73 PKR/kWh for the first 10 years and 9,76 PKR/kWh thereafter is assumed.

System lifetime
Even though solar power plants are proven to work for a duration of 25-30 years, in the fi­
nancial model an operation time of 25 years is assumed.

Start of operations
The start of operations is the date of grid connection commissioning. We made the assump­
tion the start of operations is October 1st, 2014. For the financial case we assume feed into
the grid and payments by December t", 2014.

Annual degradation of module efficiency
The assumed annual degradation of module efficiency amounts 0,30%, this value is in line
with long-term industry experience and relevant scientific studies.

Annual Energy yield
The annual specific energy yield of the base case system is expected to be 1.603 kWh/kWp.
The detailed simulations performed are described in chapter 8.5 above. We expect a perfor­
mance guarantee on 97% of that simulation. Therefore the financial case is based on
1.554,91 kWh/kWp.

System size
The system is comprised of about 350.000- 400.000 modules with an aggregate DC capacity
of 100 MWp. The technical layout of the solar power plant is attached hereto in Appendix 1a.

9.3.1 Plant Assumptions

Technology
The base case assumes crystalline module technology on a fixed mounted structure. At the
end of the sensitivity analysis we expand on the financial differences of tracking systems.

9.3 Base case assumptions

For the calculation of financial decision parameters the financial assumptions play an impor­
tant role. Since large scale photovoltaic power plants are relatively new in general and espe­
cially in Pakistan, and there is no field experience with Pakistani banks regarding the financ­
ing. Therefore we suggest to take a conservative but realistic approach in respect to the fi­
nancial assumptions.
All financial assumptions are based on publicly available data or, wherever not available, on
assumptions drawn from analogies.
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9.3.5 Project Finance Assumptions

Equity ratio
An equity ratio of 30 % of the total investment is assumed, this translates to an equity in­
vestment of USD 45 million. With a share of 30 % equity and 70 % debt, the financing struc­
ture of the project is very sound compared to international project financing standards for
comparable projects. A ratio of 20 % equity and 80 % debt might be feasible for consecutive
projects.

Annual inflation rate
The annual inflation rate for Pakistan is assumed to be 8-10 % over the operation period on
average. As the tariff is indexed to inflation most of the aPEX inflation shall be covered au­
tomatically. For reasons of safety an additional 2,5% aPEX increase every year is assumed.

Annual cost (OPEX)
The annual cost or operating expenditure (aPEX) include remote monitoring, operations &
maintenance, replacement cost, insurance, security and administration. The overall aPEX is
estimated with USD 3,37 million for the first full year.

9.3.4 Cost Assumptions

Investment cost (CAPEX)
The investment cost or capital expenditure (CAPEX) include EPC remuneration, other in­
vestments into the infrastructure, project developments cost, consultants, interest during
construction and a contingency of about 3,7%. The overall CAPEX is estimated with USD
150 million for the base case.

Interest on liquid funds
An interest on liquid funds of 4,0% is assumed.

Taxable depreciation
A linear depreciation over the operation period of 25 years is applied to CAPEX and financ­
ing costs.

9.3.3 Financial Assumptions

Income tax
No income tax rate is applied to the electricity sale.

The financial analysis is based on USD.
For the analysis the exchange rate to one USD is set at 110 PKR.
The effective tariff in PKR will be escalated on a variety of price indices to compensate for
inflation and exchange rate changes. We assume the indexation to exactly mitigate the cur­
rency risk of the tariff to the USD. Therefore this model is assuming a fixed exchange rate of
110 PKR I USD - and to mitigate the uncertainty of this assumption - does not assume any
tariff increases.
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Discount Rate
For the NPV calculation of the equity a discount rate of 10% is used. Solar PV is a low risk
investment once the power plant is in production mode and the tariff for the electricity is se­
cured. In European projects a NPV of some 6-10% is standard.

Quarterly repayment
An annuity repayment structure is assumed with quarterly repayments.

Period of loan
A debt tenor of 10 years from the start of operations of the solar power plant is assumed. It is
assumed that debt will be repaid with an initial grace period of 6 months after starting opera­
tions. The final payment is expected to occur on June 30th, 2025.

Debt Service Reserve Account
A debt service reserve account (DSRA) is a reserve account from which interest and debt
service is being paid if the project is in default and cannot cover the due amounts from
project cash flow. The idea is that banks and sponsors gain time to fix an issue with the
project financing before the project enters into a full default. Six months is a standard period
for the DSRA. For this account a 4.0 % interest has been assumed.

Nominal interest
A nominal interest rate of KIBOR + 3 % is assumed for the project financing debt facility as
we have been advised. For international funding a rate of Libor + 5% shall be feasible for
consecutive projects.

Total debt
A non-recourse project financing facility is assumed to cover 70 % of the total investment.
This translates to a total debt amount of USD 105 million.
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Annual Inflation beyond indexation

9.3.6
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Figure 30 Financial Results Base Case - 2

The base case shows an IRR of 17% for the equity with a payback time of 5 years. The with
10% discounted cash flows amount to a Net Present Value of USD 28 million.

Figure 29 Financial Results Base Case - 1

9.4 Base Case results
In the base case with fixed mounted crystalline modules the power plant generates 3.750
Gigawatt hours over 25 years.

First .quart~rltp'~yment due __
Date of final payment

Minimum DSCR
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Figure 31 Financial Results Base Case - Details
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The table below shows the details of the of the cash flow calculation of the base case in USD.
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For some key parameters their impact on the output has been analysed. The table below
shows the best and worst case single occurrences of the altered parameters.

Sensitivity input parameters9.5.1

9.5 Sensitivity Analysis
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Figure 32 Uncertainty Analysis - Electricity Production
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10.5.2 Sensitivity results - single parameters

Some variations on single uncertain input parameters have been varied to understand the
main drivers of the financial case.
The assumption on the Feed in Tariff (FIT) is the single most important external factor influ­
encing the debt service coverage ability and the overall profitability of the investment. In this
case however, the Tariff follows the cost budget of the project. Therefore a sensitivity analy­
sis on the Tariff is not required.
Also the annual indexation on the tariff is crucial for the financial soundness of the invest­
ment. Due to the indexation of various cost items during the lifetime of the power plant the
uncertainties on inflation are hedged, therefore not relevant.
The assumptions on production will have the highest impact on the financial case because
the estimated production will determine the Tariff.
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Figure 34 Uncertainty Analysis - Interest on Debt
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The assumptions on Interest of debt do have the least influence. But they cannot be hedged
and will stay as an uncertainty.

Figure 33 Uncertainty Analysis - CAPEX
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The assumptions on CAPEX wi" have a high impact on the financial case if changes in
CAPEX before or during the construction phase will not be reflected in the Tariff or the EPC
contract.
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Figure 35 Uncertainty Analysis - Single Variations
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[Opex Index ..'o/~'p~a:""12,50i"" '12:5% .. : !?~5%. ..T5,ClYO..., J2,5%

:~r:i~~t;n~s-201~t~~~:s. ··-r~~,~~~·.'113:5% 'lh:5% ..H3,5% :~3,5%
lT~~or._..... ,,~, jX~~!!;~""=JiQ =:"_~.:11.o.:::~=:']10" ._....nO'. '.. _\1.().
:Equity % \30% PO% ;30% :30% :30%I- -II.. i' . I 111111"11111Ii~.~i~~_ J I: II • -

. 3.488 , 3.751 , 3.751 . 3.739 ; 3.751 ; 3.751 ; 3.751 ; 4.013 ; 3.751 , 3.751 . 3.n3 3.751 I 3.751 3.751
! 4~:Qog.·L.4~.Q~9J':4~·990.l ~5.?41·1.45.:163 ..' 45.()60.• . ..~5..()oO.: 45.0ClO:L45~2Cl()~L~:14·51i r 44:~~7,-,t:~~§90 ,~,45.000, :
i 105.000: 105.000 i 105.000' 105.563: 105.380, 105.000; '105.000: 105.000: 105.000' 103.874' 104.620 ! 105.000. 105.000.
1.?~OOA,1·1!30%.: .1730% i 1730% '1730oio 1730%' '1 . i .. ,

1 1 1,35 1 1 .1ir1r1immtml.fme~ •••••••••••••••••

The following table is an overview of alternatively changing single input parameters to worst assumption and also to best assumption and the result
on energy output, capital structure of the project as well as financial parameters. It can be seen very clearly that the assumptions on Production
and CAPEX are the main drivers of any sensitivity. Using IRR (interest on equity) or the metrics of NPV (discounted cash flow) does come to the
same conclusion.

8.2Quaid-e-Azam Feasibility StudyECSP
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Figure 37 Uncertainty Scenarios

The base case is assumed to be the most likely case. In reality we would expect the proba­
bility of a better or worse result with 50 %. Therefore, the base case is also named as P50
case. Corresponding, in the P80 case it is expected to be safe with a probability of 80 % that
the reality will turn out better. A P20 case is an optimistic case with only 20 % probability that
the reality will turn out better.

Figure 36 Financing Scenarios

There are no iterations on the tariff performed as the price for the generated kWh is a func­
tion of the cost, thus Tariff is not a risk factor. The following Tariffs have been calculated for
variations in Equity 1Debt ratio and Tenor:

+1- 7 %,
+101-10 %
30/70 and 40/60
10 and 12 years

Irradiation:
CAPEX:
Equity 1Debt ratio:
Tenor:

The following main iterations from the expected base assumptions have been taken:

9.5.3 Sensitivity Scenarios

Alterations of single input parameters are not very likely outcomes of expected reality. There­
fore, a couple of scenarios have been developed, from very pessimistic to very optimistic.

8.2ECSP
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Figure 40 Uncertainty Analysis - Scenarios - Results 2

Lifetime Production- ,,",,'."_-_'_-_.-_----,'_ - --
e:quily ~eeded
Debt needed
Tarrif
DSCR min

In the pessimistic scenarios the equity ratio was assumed to be 40%. For that reason the
debt is lower than in the optimistic scenarios.
All cases show a DSCR above 1.3 which is normally for Solar projects sufficient.

Figure 39 Uncertainty Analysis - Scenarios - Results 1

17,Q%.~.. 1~.._4."{o.
20.99.-1 24.991
5 5

0,12 L.Q.!1~. -,-:9,.1).
._.:.: ,.:::.:-...... c.'!=.•.. L.14,~.% .. 1~,9% c-_·-c·:·_-

IRR
NPVat 10%.._ .._--.-,----------- -
F'aYbackEquity
LCOE at 8%
WPCC

The tables below show the output for all financial criteria. Even in a very bad scenario the
project will yield a positive IRR.

Pes~~,':'.li~~~c.:~_:_=~~:,:::._=.~~!i.~i~~~ '
Figure 38 Uncertainty Analysis - Scenarios - NPV & IRR

0,0%-10.000

--- IRR %10,0%"......
---.-.,~--.--..- -------_.--_---------_._-_ ..--------------------~---...-..---...----------10.000

20.000

20,0%

- NPV at 10% USDk
25,0%40.000

30,0%50.000

15,0%

35,0%60.000

Uncertainty Analysis: NPV and IRR in Scenarios

10.5.4 Results - sensitivity scenarios

Also in the two most pessimistic cases, the project is regarded as favorable in terms of IRR
and NPV. Therefore, the project qualifies as a very safe investment.

8.2ECSP
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Results of installation type variations - sensitivity scenarios
To compare the base case and the single axis tracking case, we have analysed their relative
performance under the different environmental scenarios.
The table below shows the difference in Input parameters due to technology. The values of
the single axis case have been subtracted by the base case. The negative numbers corre­
spond to higher energy output and higher CAPEX and OPEX numbers for the Single axis
tracker.

Figure 43 Installation Variations _ Results 2

USD/kWh

Years

NPVat 10%

Payback Equity

LCOE at 8%

The financial indicators are mostly indifferent between base case and single axis tracking
case.

Figure 42 Installation Variations _ Results 1

49.728

116.032

GWh

USDk

USDk

Lifetime Production

Equity needed

Debt needed

Results of installation type variations - base case assumptions
The results for the fixed installation and the single axis tracking option are considerably
close. The dual axis tracking option seems to be too expensive for the additional output.

. Production kWh/kWp 1.555 1.705 1.858
Degradation %p.a. 0,30% 0,30% 0,30%

Capex USD/kW 1.350 1.500 1.800
Opex USD/kW 30,4 35,5 46,7
Opex Index % p.a. 2,5% 2,5% 2,5%

Operations 2014 Months

Interest %p.a. 13,5% 13,5% 13,5%

Tenor Years 10 10 10

Equity % 30% 30% 30%

Figure 41 Installation Variations - Input Parameter

10.6 Variation in installation types

In result of comparing different possibilities of mounting the solar modules, the fixed mounted
base case is more robust against the bad case scenarios in comparison to the tracking solu­
tions. This is because of the lower CAPEX requirement relative to the output values. Only the
very optimistic cases see a significant upside for the tracking option .

8.2ECSP
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10.6.1 Recommendations

The Quaid-e-Azam Solar Park will be very beneficial to the people of Pakistan receiving
more power from the ultimately best source of power generation possibilities.
In addition the project would in mostly all cases be a very good financial investment. Even in
the bad case scenarios there will be an IRR of nearly 10%.
Concerning the mounting possibilities we favour the fixed installation as it has least capital
and operational risks. The tracking devices require more maintenance due to their moving
parts. We recommend to concentrate on fixed mounted structures for the first project and
advise the bidders accordingly.

Figure 46 Installation Variations _ Fix vs Single Axis 3

The indicators IRR and NPV do come to different preferences only in the optimistic scenari­
os. Here, the base case is always more efficient with regards to the use of equity, however
the single axis case generates more profit. The reason is simply the higher value of energy
output in the optlrnistic cases with more energy produced from a single axis tracking system.

Figure 45 Installation Variations _ Fix vs Single Axis 2

LifetimeProduction GWh
Equityneeded USDk
Debtneeded USDk

The colored cells are from the perspective of the base case. Green favours the base case,
red the single axis case. The more optimistic the scenarios get, the better the single axis
case will be.

,Production kyvhlk'Np -140 -143 -145 -148 -149 -150 -151 -152 -156 -158
•Qegradation .. "Alp.a. .. Q% Q% 0% 0% 0% 0% 0% ..0% 0% 0%
.Capex USD/kW -165 -161 -158 -153 -152 -150 -149 -147 -143 -140
apex USD/kW -5,6 -5,5 -5,4 -5,2 .:5,2. , -5,1 -5,0 -4,9 -4,6 -4,4

Figure 44 Installation Variations _ Fix vs Single Axis 1
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Project:
Simulation variant

Grid-Connected System: Main results
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8.2 Obst&ZlehmannPVSYST V5.71

8.2
11 Appendices
Appendix 1: Main results of Yield Simulation, (1a) Fix Mounted, unlimited sheds
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Main results of Yield Simulation, (1b) Single Axis Tracker (horizontal axis north-south)
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Main results of Yield Simulation, (1c) Dual Axis Tracker
Hint: Result for 1MW PV plant. For 100 MW please multiply Produced Energy by 100
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Cc - Ps. to Additional Chief Secretary, Government of Punjab, Energy Department, Lahore

Please refer the subject meeting held on 04.3.2014. In this connection,

please find enclosed the Minutes of the Meeting of the same for your kind information

and necessary action.

MINUTES OF 1ST PANEL OF EXPERTS MEETING FOR
100 MW QA SOLAR POWER LTD CHOLISTAN PUNJAB
HELD ON 4.3.2014

Subject:•
%' MANAG NG DIRECTOR
)Punjab Power Development Board
. ,(~)~'11Encl: As above

6. CEO,
Mis Q.A Solar Power Ltd,

!,!If!;, B"-tl~ 3rdFIoor Gulberg, III Lahore

5. Mr. Rehan Akhtar
DGM Finance
WPPO NTDC,1 08, WAPDA House Lahore

4. Director General
PCRET
PCRET House # 25, Sector H-9 Islamabad.

CEO AEDB
House # 3 Street # 8 Sector F-8/3
Islamabad.

3.

2. CEO MEPCO
MEPCO, Khanewal Road
Multan.

1. General Manager CPPA NTDC
6th Floor, PIA Building
Egerton Road, Lahore.

1" Floor, Central Design Building,
Irrigation Secretariat, Old Anarkali, Lahore

(Ph: 99212794 Fax: 99212796)n'''+20!4

" No.PPDBI a292- 12014
PUNJAB POWER DEVElOPMENT BOARD

ENERGY DEPARTMENT
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CEO, Q.A. Solar Power
Partner, Mis 8.2 Ingenieurpartnerschaft Obst & Ziehm ann
COO, Q.A. Solar Power
CFO, Q.A. Solar Power
Procurement Manager Q.A. Solar Power
Associate, Mis Grant Thornton
Financial Analyst, Mis Grant Thornton
Manager, Mis Grant Thornton
SGM, ECSP
Resident Contract Aclvisor, Mis 8.2 Ing Obst&Ziehmann

Mr. Najam A Shah
Dr. Gerwin Dreesmann
Dr. Rana A. Jabbar
Mr. Muhammad Badar
Mr. Raza Ali Zaidi
Mr. Farukh Shameem Wynne
Mr. Hamid Rasheed
Mr. Muhammad Imran Ashraf
Mr. Bashir Ahmed
Mr. Rashid Majid

Managing Director PPDS (In Chair)
Additional Chief Engineer CPPA NTDC
Deputy Manager CPPA NTDC
Deputy Manager CPPA NTDC
Director, AEDB
Director, PCRET, Islamabad
Incharge 100, PCRET, Lahore

Mrs.Saniya Awais
Mr. Muhammad Tahir
Mr. Muhammad Hanif Memmon
Mr. Riaz Tabassum
Mr. Navid H. Bukhari
Mr.Munawar A Sheikh
Mr. Sami Ullah Shaikh

On Invitation:
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.,

\._ ..':

1.
2.
3.
4.
5.
6.
7.

Present:

. The meeting of Panel of Experts of PPDS for Mis Quid-e-Azam Solar Power Ltd was arranged on 04.03.2014 at 15.00 Hrs
under the Chairmanship of Managing Director PPDS in the Committee Room of Energy Department. The following were the participants of
the meeting:

MINUTES OF 1ST PANEL OF EXPERTS MEETING OF Quid-e-Azam SOLAR POWER LTD FOR DEVELOPMENT
OF 100 MW SOLAR PV POWER PROJECT IN CHOLISTAN PUNJAB

Subject:

Punjab Power Development Board
Elllerov Depanmem
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DECISION

During the presentation AEDB representative raised its concern about
references and basis of the Solar Irradiation and meteorological data referred in
the F.S. It was explained that actual ground measurement data is not available
in Pakistan to calculate energy content of solar irradiation. Therefore ground
data from neighboring country combined with satellite data nearest to Punjab

2.

1. The German Expert provided details of project. They informed that the name
plate size of installed 100MWp solar PV Panels. The Site selected near
Bahawalpur where 132 KV line already passing through the QA Solar Park.
The Project shall be executed by the QA Solar Power specific purpose
company formed by Govt of Punjab to execute the project on ~PC basis. The
CEO QA Solar Power Ltd informed that through rigorous process amongst 12
prequalified companies 6 companies, submitted their technical bids and three
companies have been technically qualified for opening of their Financial EPC
Bids. After the evaluation successful EPC Bidder shall be selected for the
execution of the Project.

DISCUSSIONSerial #

The Meeting started with the welcome from the Chair. The Managing Director PPDB requested the CEO Quid-e-Azam Solar Power Ltd for
briefing to the Panel of Experts (POE) on the Feasibility Study as required by the Punjab Power Policy 2006 revised 2009.
about the project submitted to PPDB. After introducing the teammates of QA Solar Power he requested Dr.Geswec of German Consultant
Company for the project, Mis 8.2 Consultancy Germany to make presentation.

PROCEEDINGS:

Manager Projects (Renewable Energy) PPDB
Assistant Manager (Tariff) PPDB
Assistant Manager (Legal) PPDB
PSO (AC&E), Energy Department

Mr. Salman Aizad
Mr. Tariq Latif Chaudhary
Ms. Afifa .Jabeen
Mr. Asad Najeeb

In attendance:
18.
19.
20.
21.

..--- .• __ ._,_.---_ .. « •...••. -.,~.~.-.-=.-~=== ======~==~
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•
On the Financial part of the F.S the POE members observed that;

1. Overall CAPEX mentioned in the Report under its Section 9 (Financial

The POE members resolved the matter and
directed Mis QA Solar Power Ltd that
feasibility study will clearly mention ~e
numbers presented in the study will be
revised on basis of firm EPC bid for
preparation of tariff application.

a. Correction of Geographic coordinates of the plant
b. Losses need to be clarified on the basis of International standards
c. Discrepancy in PV Panel Wattage ( 230 vs 270) size, taken as reference

It was also highlighted that the Grid Interconnection study has been carried out
by Planning Department of NTDC and they have report is positive in all aspects
for power plant connectivity. The lEE Report was submitted to EPA Punjab
and approved.

4.

The representative of AEDB further pointed out that following minor anomalies
may be corrected;

The typographic errors/omission was noted
and to be corrected by QA Solar Power

was used. AEDB representative suggested that the data already available with
Met. Office Islamabad may also be acquired for supporting already available
information, but CEO QA Solar pointed out that Met. Department has already
been approached by the only data available with them is about sunshine hours
and not about its intensity. This data will, hence, not be very useful for the
feasibility study.

Discussion on type of technology: AEDB asked QA Solar to clarify what
type of PV technology will be used. QA Solar said this was dependent on the
EPC contractor and that the FS had been prepared on basis of using poly­
crystalline PV panel. It was explained by QA Solar that the EPC contractor shall
provide 25 years performance guarantee for the installed PV system.

Further while discussing about the choice of technology with regard to fixed or
moving type of PV modules, it was recommended by the POE members that
the Fixed type solar module should be selected.

3.
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After detailed discussion and deliberation, It
was unanimously decided by all POE
members that the observations, corrections
and suggestions pointeo out by POE
members will be incorporated in the report,
The updated report will be shared with POE
panel, through Circulation, and shall stand
approved without further meeting if no
objection is received from POE on revised
version of Feasibility Study,

Analysis) are very encouraging and is on far better side than CAPEX
assumed by NEPRA in its Upfront Tariff calculations.

2. Under Section 9 (Financial Analysis), term Feed in Tariff has been used
repeatedly instead of Reference Tariff. Which was explained by QA
Solar Power that these are guidelines and EPC bids are under process
the actual number shall be incorporated as per EPC results.
• Section 9.2 elaborates three scenarios of CAPEX and OPEX,

however, ultimate yearly tariff profile of the project in the form of
Reference Tariff Table (for which Mis QA Solar has submitted the
Report to PPDS for approval and based thereon will submit its tariff
petition to NEPRA) has not been witnessed in the Report,

• It is suggested that each of the cost facet either CAPEX or OPEX
may be discussen separately. For OPEX cost components, like O&M
and Insurance etc. may also provide resultant Reference Tariff
components separately,

• Separate calculations in respect of Interest during Construction may
also be mentioned in the Report.

• Debt Servicing Schedule may also be made part of the Report
• Financial charges with respect to Debt component of the CAPEX

may also be mentioned along with its details.
• It is suggested that indexation to be applied for each of the

Reference Tariff components may also be mentioned in the Report,

The meeting ended with a vote of thanks to and from the C_h~r: x x ~
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Energy technology used for this 100 ~1WP DC Solar PV Power Plant is Solar
Photovoltaic (PV), the details of which are explained in sub section (a). The
other aspects and details of this technology are explained in the subsequent sub
sections.

16. Photovoltaic (PV) Technology



1. Monocrystalline
2. Polycrystalline
3. Thin Film

Three main cell categories can be defined:

Another important variable is the Normal Operating Cell Temperature
(NOCT) of the module. This is a characteristic cell value defined as the
temperature of the cells, which they reach at an irradiance of 800 W1m2, an
ambient temperature of 20°C and a wind speed of 1ml s.

J\ [m") = cell surface area

= power of global irradiation on cell area

Pm [W] = Cell power at maximum power point at STC

Pm
11 = Ex Ac

The efficiency of a solar cell ('11)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 I rrr') under
standard conditions (STC, 1000W1m2, 25°C, AM 1,5), and the surface area of
the solar cell (Ac in m2)

The purity level of the semi-conductor material is very important and that there
are no gaps at the molecular and atomic level of the semiconductor material.
The higher the purity of the used material, the greater is the likelihood that it
achieves the maximum potential of a photoelectric cell.

The renewable technology that is being used for the project is Photovoltaic
(PV) cell, The working principle behind the PV technology is the photo­
electric effect in which photons are emitted by the sun; impact a
semiconductor's surface resulting in generation of electricity.

a) Technology Used For the Project
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Provided below is the SLD of Quaid-e-Azam Solar 100 MWp DC Solar Power
Project at Lal Sohanra Park, Bahalwalpur.

Design of the Plant

For this project, polycrystalline photovoltaic (PV) cell is being used. This type
of PV cell is selected in favor of other types, because it provides higher
efficiency and it is considerably cheaper in comparison with other types of PV
cells. In addition to that, polycrystalline PV cells are more suitable for the
climatic conditions of Bahawalpur where temperature reaches up to 50°C. Poly­
crystalline cell's efficiency drop at higher temperatures is considerably less than
that of mono-crystalline cell. With regards to the thin film, it was not in
consideration because of its low efficiency and higher rate of degradation in
efficiency over its lifetime. Keeping all these factors in view, poly-crystalline cell
is the most suitable choice for the project. The following paragraphs detail the
design and components of the project.



• Module Arrays (fixed - tilted)
• Combiner and Recombiner Boxes
• Inverters
• DC cables
• DC connectors
• Disconnects, switches, protection, fuses
• Grounding
• Switchgear
• Transformers (including LV /MV and MV /132kV)
• AC cables
• AC connectors
• Protection
• Grounding
• Grid Connection
• Electric meter etc.



Ref: Feasibility Study attached as Annexure 22

175.3
184.8
181.1
190.3
208.5

124.0

Solar Photovoltaic technology will be used for power generation in the 100
M\XlpDC Solar PV Plant by Quaid-c-Azam Solar Power (pvt.) Ltd. Renewable
energy source used for the project is sunlight.

Keeping the environmental objectives of the Government of Pakistan in view,
along with the target for renewable energy set by the AEDB, solar power
generation can strongly contribute to the identified power shortage. The
development of solar power generation projects could reduce dependence on
fuels for thermal power generation, increase diversity in Pakistan electricity
generation mix, and reduce greenhouse gas emissions. Pakistan being in one of
the best solar zones is ideally located to take advantage of the solar energy
technologies. This energy source is widely distributed and abundantly available
in the country with about 2900-3300 sun hours and around 1.9 - 2.3 :MWhper
m2 per year. It has an average daily global insolation of approximately 19 - 20
MJ/m2 per day with annual mean sunshine duration of 8.1 to 9.2 hours a day.
These values are among the highest in the world. Such conditions are ideal for
installation of PV and other solar energy applications.

The total solar irradiation identified for the project location over the year has
been estimated at 1920.8 K\'Vh/m2. As a result of this radiation, the plant will
be able to provide 160,313,000kWh in the first year to the grid. Details of
monthly radiation level in KWh/ m2 along with the resultant power
generation in kWh are provided in the table below:

b) Fuel: Renewable Energy Source Used for Power Generation



Electricity produced from the Sun is green and environment friendly. The
production of electricity from the Sun does not result in emission of any
harmful gases e.g. carbon dioxide, carbon mono oxide, methane and sulphur
dioxide etc. Thus the emission value in the case of a solar power plant is zero
as opposed to the emission values of coal or oil based thermal power plants.

c) Emission Values



Annexure 27

Annexure 28

Annexure 26

Annexure 24

Annexure 25

Following the bidding document's requirements, NTDC grid code is
compliant. Grid study of the project has been carried out by the NTDC. Study
reveals constraint free results. NTDC has communicated through their letter
that their system is ready to take power generated from this project.

17. Grid Connectivity Study



January 2014

Prepared by

Planning (Power) Department
5th Floor, PIA Tower, Egerton Road, Lahore.
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Load Flow Study Report
for Evacuation of Power

from 1000 MW Solar Power Plants
in Quaid-e ..Azam Solar Park at Lal Suhanra•

National Transmission and Despatch Company Limited
(NTDCL)



Q A 220 kV D/C transmission line, approx. 40 km long on twin-bundled Rail
conductor from 220 kV Lal Suhanra to Bahawalpur substation.

• A 220/132 kV collector substation at/around Lal Suhanra substation with
3x250MVA, 220/132 kV transformers.

Phase-3: Additional 600 MW Solar Power Evacuation at 220 kV Voltage

• A 132 kV D/C transmission line approx. 40 km long on Rail conductor from
Bahawalpur New to Lodhran & looping InlOut of one circuit at Baghdad-ul­
Jaded.

• A 132 kV D/C transmission line approx. 4 km long on Rail conductor for
looping InlOut of the proposed 132 kV Bahawalpur - Lal Suhanra SIC at
solar power plants.

• A 132 kV D/C transmission line approx. 8 km long on Rail conductor for
looping InlOut of the proposed 132 kV Bahawalpur Cantt. - Lal Suhanra
SIC at solar power plants.

Phase-2: Additional 300 MW Solar Power Evacuation at 132 kV Voltage

• A 132 kV D/C transmission line approx. 4 km long on Rail conductor for
looping InlOut of the proposed 132 kV Bahawalpur - Lal Suhanra SIC at
solar power plants.

Phase-1: First 100 MW Solar Power Evacuation at 132 kV Voltage

The proposed scope of work is provided as under;

2. Project Scope of work
I
\

. The evacuation scheme for 1000 MW (gross capacity) solar power from Quaid-e­
Azam solar park at Cholistan comprises of three phases. Phase-1 will comprise
of power evacuation from 2 Nos. of solar power plants (gross capacity 100 MW)
at 132 kV voltage level to the MEPCO network. In Phase-2 additional 6 Nos. of
solar power plants (gross capacity of 300 MW) at 132 kV voltage level can
evacuate power. Later on additional 600 MW (gross capacity) solar power
generation has been planned to be evacuated in Phase-3 through
interconnection scheme at 220 kV voltage level.

Introduction1.

Load Flow Study Report for Power Evacuation from
1000 MW Solar Power Plants in Cholistan

\,
i



a. Hasilpur - Chishtian TIL
The above line should be switched on when solar generation is not
available.

iv. Following line openings have been proposed during Phase-II in
MEPCO network when solar power projects are in operation for
reliable operation during the time when solar power is available;

a. Hasilpur - Ludden TIL
b. Karorpca - Mailsi TIL

i. By-passing of existing 132 kV SIC from Bahawalpur old to Lodhran
at the following substations;

a. Baghdad-ul-Jaded substation

b. Lodhran substation.

ii. Capacitor Bank of 36 MVAR proposed at 132 kV Hasilpur
substation in year 2015.

iii. Following line openings have been proposed during Phase-I in
MEPCO network when solar power projects are in operation for
reliable operation during the time when solar power is available;

• In the studies, the following reinforcements have been assumed as per

system requirement of MEPCO network:
I

• The system has been assumed to be operating in an interconnected

manner, however, some line openings have been assumed at some parts

of the network as per system requirements.

• The 132 kV and 11 kV capacitors particularly proposed by MEPCO have

also been incorporated in the studies.

• Latest transmission expansion plans of NTDC and DISCOs especially, the

expansion plans of MEPCO.

3. Load Flow Studies

The load flow studies are based on the following assumptions:

" Latest load forecast.

• Latest generation expansion plan.

The geographical diagram showing the above scope of work for the proposed
solar generation is shown in Figure # 1.

\ • Three 132 kV D/C transmission lines, each approx. 8 km (total 24 km) long
on Rail conductor, from 220 kV collector substations to individual solar
power projects.



Load flow study for peak load condition of Aug/Sep 2014 under normal system
condition for Phase-1 is attached as Exhibit #1-A and for Phase-2 the load flow
study is attached as Exhibit #1. In Phase-1 power from two solar power projects
(50MW each) can be evacuated. Under Phase-2, the power from eight solar
power projects (50 MW each) with a total gross capacity of 400 MW from Quaid­
e-Azam solar park has been evacuated to the surrounding MEPCO network
through two 132kV D/C lines.

As per load flow study, it is found that power from these solar power projects can
be evacuated to the 132 kV system of MEPCO under normal and contingency
condition without any transmission constraint, i.e., the loading of the transmission
lines and transformers as well as system voltage profile would remain within
limits.

The load flow studies also cover critical single line contingency (N-1) analysis in
the vicinity of these solar projects and are attached as Exhibit #2-5. The results of
the contingency studies are summarized as under;

3.1 Peak load Aug/Sep 2014

The description of the simulated scenarios is given as under;

The above line should be switched on when solar generation is not
available.

v. Following line openings have been proposed during Phase-III in
MEPCO network when solar power projects are in operation for
reliable operation during the time when solar power is available;

a. Hasilpur - Chistian-New TIL

b. Hasilpur - Ludden TIL
c. Bahawalpur-Old - MiranpurTIL
d. Lodhran - P.Gain TIL
e. Karorpca - Mailsi TIL
The above lines should be switched on when solar generation is not
available.

Exhibit Contingency Conditions Remarks#

2 Solar PP-4 - Bahawalpur 132 No system constraints.
kV SIC out

3 Solar PP-1 - Lal Suhanra -do-
132 kV SIC out

4 Solar PP-5 - Lal Suhanra -do-



Conclusions

• The power from the solar park can be evacuated to the system through the
proposed interconnection schemes in Phase-1, Phase-2 and Phase-3.

• The necessary network re-arrangements and reinforcements in MEPCO
network as mentioned in the study assumptions are also required to be
followed for reliable dispersal of scheme from the upcoming 1000 MW
(gross capacity) solar power projects in Ouaid-e-Azarn solar park,
Cholistan.

Exhibit Contingency Conditions Remarks#

7
Lal Suharna(Solar Park) GIS No system constraints.
- Bahawalpur 220 kV SIC out

8 Bahawalpur - M.Garh 220 kV -do-
SIC out

Solar PP-9 - Lal-Suharna -do-g
GIS 132 kV SIC out

Load flow study for peak load condition of AuglSep 2015 under normal system
condition is attached as Exhibit #6. In Phase-3, the power from additional twelve
solar power projects (50 MW each) with a total gross capacity of 600 MW from
Quaid-e-Azam solar park has been evacuated through the 132 kV lines to the
220/132 kV grid station within solar park and then from 220 kV grid station to
Bahawalpur 220 kV grid station through 220 kV DIC transmission line.

.e As per load flow study, it is found that power from these solar power projects can
I\ be evacuated to the National Grid under normal and contingency condition

without any transmission constraint, i.e., the loading of the transmission lines and
transformers as we" as system voltage profile would remain within limits.

The load flow studies also cover critical single line contingency (N-1) analysis in
the vicinity of these solar projects and are attached as Exhibit #7-9. The results of
the contingency studies are summarizedas under;

3.2 Peak Load Alig/Sep 2015

132kV SIC out

5 B.Pur Cantt. - B.W.P-N -do-
132kV SIC out··



Exhibit #1-A
Phase-1: Load Flow Analysis For Pow.er Evacuation of 100 MW (2 X 50 MW) Solar Power Project
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CHISTIAN 135.2 1.021 1.020
23.0 -44.2 45.0 -75.7 75.9 -32.9 32.9 10.1 -10.1 53.1 -53.0 96.0 -94.3 75.6 -75.5 27.6 -27.5 4.6 134.7 ·4.6 -15.7 134.6
7.9 -14.7 KARORPCA 14.5 -29.1 29.7 -14.7 14.6 -10.6 10.5 -6.5 6.5 -2.5 9.1 -16.5 17.5 4.1 -4.6 -3.2 -1.7 -3.6

Line Opening ~____,. 29.0 , 11.8

~ ~-- 1.038 ) 3.06.6 KARORPCA 10.1
~ ~ .~

137.0LUDDEN ~:-- H 0 -l-H9.6 c 29.0 H H 4.0H .11.2 11.6 c.-------- , 1.6' 1.049 f*i-- -'4.0 2.33.9 10.1 138.5 1.050 .050 1.050 4 3.8
1.015 138.6 138.6 138.6 1.0331.043 1.037

BU.JADIDBWP-N-13?-B1BWP N220KV

Exhibit #1Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014



HANPUR

KHANPUR

HANBELA

AIB-2

LALPWL

AN PUR

132.2 1.018133.5
130.2

LUD

CHIS

_.,I
~

BHAWALPR LODHRANM.GARH-2 1x 160MVA
PtoposedBy.pusing Proposed By·p:using MIR

"96.5 106.0 51 -106.0 53.0 -52.6 26.1
_rh_-58.8 24.7 ~ -14.2 7.1 -6.9 -6.7

JA53.0 -52.6 -0.5 _rh 0.5 34.6
7.1 BWP-N-132-B2 -6.9 7.5 -8.3 4.51.02L

P.G134.9 79.1 _r- Io. -78.5 40.7 -40.4 20.5M.GARH-2 4.1 -2.1 -12.7 12.4 -39.22x 160 MVA New Ofe on rail-96.5 87.0
)(_ -87.0 79.7

r- Io --, -78.7-58.8 92.9 0 -85.9 -6.9

)~
,18.9 10.4

,17.6 28.2,1.016 20.7 > 7.4 -)62 7.7 '
,---.223.5

_,~ o----~ ~i6
7.4 1.006-~8.2 132.8 1.009_.,-16.3 16.~ __
AHMDPR.E 133.2> 6.8 6.4

B.W.PB6 AHMDPR.E
) 0.0 14.4 (-~ 9.1 ,--) 12.5 -20.0HASILPUR

UCH.SHRF
1.012 ~L.SOHANRA

SOLAR PP-4 133.6 6.1
CHUNAWALA

SOLAR PP-l SOLAR PP-2 SOLAR PP-3
FEROZA~ ct%& KH .H

~ ~ ·22.5 1~-----. 19.8
K.P.TOMI

MUB-PU;--' 5.3
.0 4.0H

5.4 ' 5.4-8.2 8.3 -16.0 16.1 -41.1 41.7 -170.7 171.5 -12B.6 128.7 -85.S 85.9 -42.9 42.9 66.1 -65.5 55.1 -54.8 -18.6 18.9 -50.3
-3.7 2.6 -6.7 5.6 -15.9 15.9 -10.9 15.2 -11.2 11.8 -7.8 8.0 -4.0 4.0 8.9 -7.3 4.4 -4.1 -1.8 -1.1 -9.0.951 ) 9.8

~--. 'i?:993 '0:995 '0:996 SAMASATA LlAQATPR
125.5 -;:'4,0 3 131.1 131.3 131.5 ~in _____ , 5.2 5.2.S

l.6.3 5.3
~

'0,965 SOLAR PP-5
SOLAR-PP 6 SOLAR-Pp 7 SOLAR-PP J BWP-CANTI ' 1.5 1.4 ( h994 -, 2.4 2.3131.2

TIAN 127.4

1.000 1.009 I(
23.0 -44.2 45.1 20.7 -20.6 63.6 -63.5 106.5 -106.4 149.3 -149.1 192.1 -1842 165.8 -163.9 26.1 -26.0 3.2 132.0 -3.1 -17.2 133.2
9.1 -16.9

KARORPCA 17.2 -48.5 48.6 -33.6 33.7 -29.7 30.1 -26.1 27.0 -23.1 62.3 -69.9 79.2 0.6 -1.1 -7.1 2.4 -7.8
Une Opening 19.3, 29.0

~ @-. 1.015 --~17:5''___'
KARORPCA 12.1

~ ~ ~ 134.0 ) 3.1
DEN

5.2,. H
2 --~9.6 , 29.0 H 4.0H ~-. _':1.2 11.6,

._- _- ----- ~;-- 2.0' ~:993
~:994 ~;995 '0;994 4.0 ,-- , 2.4

12.1
131.1 4.4 ' ) 4.2'0,955

'0.986 131.2 131.3 131.3
1.011

126.1
1.002

BU.JADIDBWP-N-132-B1BWP N 220KV

Exhibit #2
Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014

:'



KHANPUR

AIB-2

AN PUR

HANPUR

KHANBELA

LALPWL

121.0 1.019133.6131.7
116.2

B P-N 2 0 BHAWALPR LODHRAN
M.GARH-2 1 x 160MVA Plopoud By-pn,lng PloposedBy.pluing MIR

-96.2 106.0 -106.0 53.0 -52.6 26.4 ,..h
-58.0 24.5 ) -14.1 7.0 -6.9 -6.5

JA
53.0 -52.6 -0.7 r-:h 0.8 34.6
7.0 SWP-N-132-B2 -6.9 7.2 -8.1 4.5
1.022 P.G

79.4 ~ h -78.8 41.0 -40.7 21.0135.0
4.3 -2.3 -12.5 12.2 -38.8M.GARH-2 2x 160 MVA New Dle on rail

-79.1-96.2 86.4 q -85.4 80.1 ~I-. ~
-58.0 91.4 <S -84.6 -6.5

)~ __,~ 10.1
,17.6 28.~

7.4
_____, --1.016 -20.7

)/.2 7.7 e
223.6 _>G4 -~ 7.6

--- 7. 1.007 >6.28.2 132.9 1.010) 16.3 16.3 <_____. AHMDPR.E 133.3
~)6.7 6.3
B.W.P66 AHMDPR.E

) 0.0 14.4 ,~26.1
{

) 12.5 -20.0 9.1
HASILPUR UCH.SHRF

1.013 ~
L.SOHANRA SOLAR PP-4 133.7 6.0

CHUNAWALA SOLARPP-1 SOLAR PP-2 SOLAR PP-3 FEROZA

~

~

15.2.H H
~ ~

.22.5 19.5
K.P.TOMI ------ 5.4'--'4.0H 4.0H MUS-PUR . 5.3 5.4

) 8.2 -8.2 8.3 -16.1 16.2 -41.2 41.9 43.0 86.0 -85.9 128.9 -128.8 171.8 -165.0 66.3 -65.7 55.3 -55.1 -18.4 18.7 -50.1
4.1 -4.1 3.1 -7.9 7.0 -18.6 19.0 4.0 8.0 -7.9 11.9 -11.3 15.3 16.8 9.0 -7.4 4.5 -4.2 -1.6 -1.3 -8.8

'0.875 --[~ 15.~ SAMASATA LIAQATPR
t7.0'\--' 1.059 1.059 .058 1.056 --~rHi--.115.5 ~.4.6 139.8 139.8 139.6 ) 6.3 5.3139.4 10.995 ;--
'0.892

SOLAR PP-5 SOLAR-PP 6 SOLAR-PP 7 SOLAR-PP 8 BWP-CANTT ) 1.5 1.4 ) 2.4 2.3131.4
CHISTIAN 117.7 1.001 1.009 K23.1 -44.2 45.4 -150.6 151.6 -108.6 108.8 -65.8 65.9 -22.9 22.9 20.0 -19.4 0.9 -0.7 26.3 -26.2 3.3 132.1 -3.3 -17.0 133.3

10.7 -19.9 KARORPCA 20.9 -72.0 76.8 -<l1.8 62.5 -58.5 58.8 -54.8 54.8 -50.8 52.1 -59.8 60.2 0.8 -1.2 -6.9 2.2 -7.7
Line Opening ~---. 29.1

~ ~-- 1.016 --~6.9 ' KARORPCA 14.9
~ ~ ~

134.1 3.1
LUDDEN

~:-.
H 3 --~9.6 c 29.1

'0.934
H 4.0H ~-- ,11.2 11.6(.~.-- _..- ._-_-_-- c 2.2' '0.938 '0.941 '0.944 --- 4.0"- 2.45.1 14.9 4.4 ( 4.2

'0.680
123.2 123.8 124.2 124.6

'0.917 '0.996 1.012

SU.JADIDBWP-N-132-B1W

Exhibit #3Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014



1.0161.016
134.1

3.1 -8.7----~> 3.1----~> 2.4

1.007
132.9-3.0 -17.3

5.5

KHANPUR

22.5 15.~____.
MUB-PU;---> 5.4 5.4 c

1.010
133.3

8.3
_.(.16.3

> 6.8
B.W.P66---~> 12.6

2 x 160MVA
-95.8 85.7 , > -85.7 79,4

e------------=-6~1'::.7~978.~2-----------~(~-----~·--------~9-:0.~8~-8~.4~-----------"

)~-20.6

> 20.9

4~~ SOLARPP-l ~ SOLARP~ SOLARPP~ 43.0 ~SOLARPP-4

\D' 4:08 4.0H

KHANPUR
<--:;-;;-1t-;-;;- --;-:;-;-I-::-'-'- 1'::6-':.2+-4-:c10'.2:-------::4_::2.:_:0+-:-1::5,.::O;::.9--_:_1.:::51:-:.~9-109.0 109.2 -66.3 66.4 -23,4 23.5 19.5:,. -.:,18::;..:.0E66::;.:.0 ..:-6:.:5'-,.4+5:.:,4:.:.9 -=-5:.,:4:..::.7+--1:-:8::,;.8:::.._ 1:..:9:':.1+--:-50:-:.-:4__

7.6 -19.8 20.5 -78.0 83.4 -79.4 80.2 -76.2 76.7 -72.7 12.9 -68.9 74.0 8.4 -6.8 3.9 -3.5 -2.7 ·0.2 -10.0
SAMASATA L1AQATPR

'0.905 '0,910 '0.914 .918
119.5 120.1 120.7 121.2 j-5.2 5.2(~ ) 6.3 5.3 "
SOLARPP-5 SOLAR-PPG SOLAR-PP7 SOLAR-PP 8 BWP-CANTT >1.5 14< ~3909~ ~> 2.4 2.3 ~

J ~;996
43.0 -166:1 147.7 ·146.4 26.0 -25.9 3.0 131.5

KHANBELA
FEROZA

19.8

AHMDPR.E

NC\'l ole 011 r~iI
3.0

'89 12.0_>' . ,17.6 28.2.--m -> 6.3 7.8 <~
_~ )7.6

I' 7.5 1.002 -;EG-"
132.3 1.007

16.3.s___. AHMDPR.E 132.9
6.4

-43.0 86.0 -85.9 128.9 -128.8 171.8
-15.0 19.0 ~ -18.9 22.9 -22.3 26.3

~ ~ ~ 4.0H
1.067 1.066 1.064
140.9 140.7 140.4

1.014
223.1

JALALPWL
-52.6 -0,4 r-h 0.4 34.6
-7.2 8.6 -9.4 4.7

P.GAIB-2
r+' h_ -78.3 40.4 -40.2 20.1

-1.0 -13.9 13.6 -41.2

_r +t, -, -78.4

.886
117.0

45.5

L.SOHANRA

M.GARH-2

Proposed a)'.p~ssin~1 X 160MVA
-95.8 105.9 S' -105.9 53.0 -52.6 25.9

._-------------~-1-.-7~2-5-.3----------~~~----------~14~.~7~7~.4--------------------------~_7~.2~-~7~.6~------J

MIRANPURProposed Bv·pusing
~ ~r.~ ~

LODHRAN

)
0.0 14.4 (

-19.8 9.1 ,---­
UCH.SHRF

~6.1

BWP-N-132-B2

78.9

7,4
1.020
134.6

53.0

BHAWALPR
BU.JADIDBWP-N-132-B1BWP N220KV

M.GARH-2

KARORPCA16.3 5.2,
e- 2.,,9c-.1:-12.3 ,,___

16.3

KARORPCA22.6
29.1

0--' 8.2 -8.2 8.3 -16.1
4.2 -4.2 3.4 -8.4

.841
111.0

CHISTIAN
23.2 -44.2
11.4

line Opening

LUDDEN

•

K.P.TOMI

CHUNAWALA

HASILPUR

Exhibit #4Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014



I

I

I

I

I
AIB-Z

AN PUR

HANPUR

KHANPUR

LALPWL

132.5 1.023134.6132.3
128.5

BHAWALPR LODHRAN
M.GARH-2 1 x 160MVA Plopo,ed BV·pu!:ing Propos' ·l3y·plluin!l MIR

-97.0 106.1 ) -106.1 53.1 -52.7 27.0
L-- ,_..J~

-52.4 23.4 ) -13.0 6.5 -6.4 -5.0

JA
53.1 -52.7 -1.2 .-I-c___ 1.2 34.6 ---6.5 BWP-N-132-B2 -6.4 5.1 -6.0 4.2
1.026 P.G
135.5 80.1 r--: r-t -79.5 41.7 -41.4 22.2

M.GARH-2
6.3 -4.3 -10.3 10.0 -35.1

2x160MVA New DIe on (ail
-97.0 87.9 '.) -87.9 81.1 r- +t h -80.0
-52.4 81.3 <, -75.2 -3.6 7. \

)~ ..--c~ )17.['
~c1.019 -20.9 > 7.3 ---~){f.2 ,.5(~

224.2

-'~
_~ ~7.6~ ___,

1.014 :'6:28.2 133.8 1.015
) 16.3 16.3.S_____. AHMDPR.E 134.0

--, 6.7 6.3 <
B.w.P66 P.·1MDPR.E

) 0.0 14.4 ,--~ 9.0 ,---, 12.4 -20.3
HASILPUR UCH.SHRF

1.017 ~
L.SOHANRA SOLAR PP-4 134.3 5.9

CHUNAWALA SOLAR PP-l SOLAR PP-2 SOLAR PP-3 FEROZA

~ ~ 15.<:__ K
H .OH ~ ~

·22.5 19.8
K.P.TOMI . -,

4.0H 4.0H MU8-PUR . 5.1 5.3< 5.4

(.8.2 -8.2 8.3 -16.0 16.1 -41.2 41.7 2.7 -2.6 45.6 -45.6 88.6 -88.6 131.6 -131.4 174.4 -166.8 66.8 ~66.1 55.7 -55.5 -18.0 18.3 -49.6
3.6 -3.6 2.4 ·6.5 5.2 -15.2 15.2 -38.9 38.8 -34.8 34.8 -30.8 31.1 -27.1 27.7 -23.7 60.6 9.9 -8.3 5.5 -5.1 0.1 -3.1 -7.0

'0:969 ,9.8 SAMASATA LIAQATflR

~Ta ~~ 1.010 1.011 1.011 1.011 ,5.2 5.2 <128.0 2 133.3 133.4 133.5 ) 6.3 5.3
SOLAR PP-5 133.5 ~5 1.4< 1.002 -, 2.4 ~~:g83 SOLAR-PP 6 SOLAR-PP 7 SOLAR-PP 8 8WP-CANTT 132.3 2.3

CHlSTIAN 129.8 ~ 1.008 1.013 K
23.1 -44.2 45.1 -152.7 153.4 -110.4 110.5 -67.5 67.5 -24.5 24.5 18.5 -18.5 26.7 -26.6 3.7 133.0 -s.r ~16.5 133.7
8.8 -16.3 KARORPCA 16.4 -17.7 20.9 -5.9 6.4 -2.4 2.4 1.6 -1.6 5.6 -7.7 2.0 -2.4 -5.6 0.8 -G./.

Line Opening ~ .. 29.0 -, 11.8.___
~

9.0 < 1.024 ,
3 KARORPCA 11.5

~ ~ ~ 135.2 3.0
LUDDEN H 3.3 c

9.6 c 29.0s- H H 4.0H 9.4 .l ,11.2 11.6, ) 8.5.- _. -. _ .. _.- -. -- 1.9 1.011 -'4.1
.. -~4.3 c 11.5 133.5 1.012 1.013 1.013 4.4 < 3.9 (

~,974 133.6 133.7 133.7 1.0201.004 1.002

BU.JADIDBWP-N-132-BlBWP N220KV

Exhibit #5Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014



.-------_ .. _. __ ... _ ..- ----
1.0GO
139.9

_____ 1

.063
140.3

13.7 14.2
~IO.O 8.2~--

1.006
132.8

LUDDEN 43.0 43.0
.OH .OH

1.063 1.062
140.3 140.1

43.0
.OH

1.063
140.3

KARORPCA 12.9
336 5.7 <e-----=·:.-r-1.9~
12.9

43.0
.OH

~6.29.5
3.6<-'
10.
.-'

6.9'

1.022
134.9

1.016
134.1

Line opening 33.6
7.4 U6 -15.6 5.2-8.8 16.8 -16.8 22.8-0.7 8.7KARORPCA -12.2 -7.0 -4.2 11.0 4.3 -15.5

~4.3

e- -10.9 53.9 -53.9 96.932.1 10.975.2 -32.1 -75.2 54.9-95.1 75.636.8 -75.0
KHANPUR1.052

138.8

1.053
139.0

CHSTAN-N

1_062
140.2
SOLARPP-5

1.063
140.3 1.062 1.061

140.2 140.1
SOLAR-PP 6 SOLAR-PP 7S0LAR-PP 8 SPUR CANTT

-55.5 98.~
-15.2 21.;:

-12.5 55.5
-9.2 15.2

30.5 12.5
-3.1 9.1

-103.3 88.9
-17.3 12.4

-96.2 104.9
-12.3 24.1

73.6 -00.5
5.0 3.0

9.1 -38.3 38.7 -73.4
-11.1 3.2 -3.9 -4.7
11.0 18.Z,___

e-----c> 3.1 4.7

8.8 -9.1
2.2 9.6

_: 8.8 -8.8
3.5 -3.5

-0.7 -38.2
0.8 -17.5

LlAQATPR

} 6.7 5.6 )
---> 2.7 3.6 ~

.978
-25.9 1.1 129.2

KHANPUR
CHUNI\WALA MUB-PURKP.TOMI 10.41.051 1.050

138.8 L.SOHANRA 138.5
HASILPUR

43.0
.OH

-10.6 16.6 -16.110.7
1.052
138.9

KHANBELA
75.3 FEROZA

26.6

SOLARPP-4SOLARPP-2 SOLARPP-3
SOLARpp, 43.0 43.0

43.0 .OH .OH
.OH

.995
131.4

43.0
1.053 G.O
138.9

-75.2 118.2 -118.1

-1.5 - 15.94.6 1.4
43.0
.OH 1.053

139.0

.OH -4.7
SOLARPP-1732.3 10.743.0 -32.3

B.W.P66
>32.0·

-7.5.OH 7.5
-10.7

AHMDPR.E
-53.7SOLARPP-l

SOLARPP-20

43.0 53.8

.988
130.5

-7.5-1.5 7.5
43.0

.OH 1.053
138.9

1.4
1.053
139.0
SOLARPP-l0

~ 7.8
___ ~ 17.7 17.7 <

7.7 7.2 ,'-----<I

5.6.997
131.7

AHMDPR.E

-53.7 ; 22.7-10.7 53.810.7

SOLARPP-16

-17.4.:»9:::.~0_t_=_30:::._:?4S----<>
) 5.6 13.n<___ 99.0

P.GAIB-2
L- -:.:::.::..E:-=- -3=-:l:o-.4:-J_. ~n~~n~g _.•

-6.8
-<>7.3

BWP-N-132-B2

72.8

14.4
1.007
132.9

-14.2 9.9 -10.6 10.1
52.8 -52.4 14.710.7 -14.6 45.1

JALALPWL1.052
138.9

43.0 32.3
.OH 4.6

-118.1 171.8 1X~S::.O_11V_A_-_;_17~1:.:..8=+2:.:5:.:.7.:.:.7-_::2::;5:::5.::.8-t..:.-l0:.:5:.:;.7~__ ~q -105.7 52.8 -52.4 Propescd By-pmino ",opo". By-p"sinQ Line opening MIRAN PUR
-16.123.6 ) -<>.2 9.2 -3.4 40.3 'H ---_2::':8:-.9+1"'4:-.4:-----------------------:-1-,4-:.2-1--------r '- __r'- •

1x 160MVP

M.GARH-l'

BWP-OLDBWP-N220KVL.SUHANRA220L.SUHANRA132 BU.JADID43.0
.OH

-32.3 75.3
-4.7 10.7

LODHRANSOLARPP-11 BWP-N-132-B1SOLAR PP-9
43.0
6.0

-75.2 118.2

SOLARPP_1210.6 16.6
1.051

-10.7 53.8 138.8 -53.7 171.8 1X~S~flVA-171.8 257.7 -255.8 138.3
~~---------S-O-LA--R-P-P-_-14--~-1~.5~~7~.5~-------S~O~LA--R-P-P---13----~-~7~.5~2~3.~6~--~~--~~-6~.2~9~.~2~------~-3~.~4~-5=2~.9~-O

~ 1~ ~~~
OH 43.0
. 1.053 6.0 -52.9 24.1 NewD/C on rail

138.9 -75.2 118.2 -118.1 171.8 1 XZS(O,MVA-171.8 129.3 -129.3 68.2
,. ~7~2=2~--------~~>--------~-672~.6~179.~9------------~

-10.6 16.6 -16.1 23.6 ' . -<>.2 . 2 x '60 MVA
1.~ ~ ~~
138.8 228.7

SOLARPP-10

2015Phase-3: Power Evacuation of Additional 600 MW 12 X 50 MW - Peak Load Au Exhibit #6



KHANPUR

HANPUR

HANBELA

GAIB-2

LALPWL

AN PUR

._---_._-----------_._---_._-----_._-_-.------~.-------. 129.7132.7136.6

•

•
C

75.2
10.7
1.044
137.8

-
~ ~

L.SUHANRA132 L.SUHANRA220 BWP-N 220KV BU.JADID LODHRANBWP-OLO
H 0

-32.2 75.2 -75.2 118.2 1X~5~MVA-171.7 Proposed By·passing
Proposed 8Y'pDuing line opening MIR-118.1 171.7 105.6 <~05.6 52.8 -52.3

-------
______ _r ,- __ .__r ~-:-------e

-4.7 10.7 SOLAR PP_1Z'O.5 16.5 -16.1 23.6 ; -5.9 44.2 -32.2 16.1 -15.8
1 x 160MVA

1.044 1.043
137.8 137.7 1X2,SOMVA-171.7 M.GARH-1 JA

-10.7 53.7 -53.7 171.7 515.2 -507.6 137.2 52.8 -52,3 14.2 r- n -14.1 45.1
-15 7.5 SOLAR PP-13 -7.5 23.6 <- -5.9 17.6 32.1 -77.0 16.1 BWP-N-132-B2 -15.8 lOA -11.1 11.6

SOLARPP-14 ~ M.GARH-l
'0,990 P.

~
137.2 73.0 .--h -72.5 31.8 -31.6 Line opening

PP1~ .OH -77.0 130.7 ------e
- ~ OH 1.044 0 25.7 New ole on rail -23.7 6.8 -7.5

.32.2 75.2 137.9 -75.2 118.2 -118.1 171;7
lX250NVA

-171.7 127.5 q -127.5 68.5 r+ r-r r- h -67.6
q
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Nature has gifted Pakistan with [deal climatic conditions to harness energy;rom

the sun-------- 'the solar energy~All we need to do LS to act quickly and make upfor

the lost time.

To mitigate the current energy crisis development o/'Solar Power [S one o/'the best

possible short term solutions predominantly during the day time. There is an

wgent need to intensgy the dfortsfor development and utilizaHon q/solar energy

AEDB should take steps to establish R.&Dcells to promote and develop solar power

in the country.

ii

At tile global levelpower generation is largely dependent onjOsst1foels, which emit

tons ifcarbon dioxide and other pollution every second. More ironic is thefict that

Josst1 filel wil! eventually run out In order to make the development if our

dvilization sustainable and cause less harm to our environment development 0/
new source o/'substitute clean energy is ineJ1itable.

There are two msfor types o/solar power technology viz Photovoltsic (PV) systems

and Concentrated Solar Power (CSP) systems. The sun is the most plentjfol energy

source jOr the earth. All wind jOsst! file~ hydro and biomass energy have their

origins in sunlight. Solar energyfills on the swfice 0/the earth at a rate if 774

petswatts, (7peiswatt = 7075watt). The solar energy absorbed by Earth s atmosphere,
oceans and land masses is approximately 3,850,000 exajoules (7EJ==707;) per year. In

2002 this was more energy in one hour than the world used in oneyear:N

Introduction

Quaid-e-Azarn Solar Park
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Sr. No. Country Installed Capacity (MW)
Solar Capacity %age of Solar

(MW) Power

]. Germany 168,523 32,643 ],9.37%

2 Jltaly 123,882 ],6,2411 B.H%
-

3 Spain 1107,257 4,537 4.23%

4 China 11,185,7141 8,300 0.70%

5 India 192,787 11,].76 0.61%

6 USA Jl,260,689 7,3].2 0.58@/0

MSolar Generation in Various Countries

Quaid-e-Azarn Solar Park



Pakistan has enormous solar energy potential. The country receives high levels of
solar radiation throughout the year. In fact Solar Energy is available at a rate of 1
kilowatt per square meter in Pakistan and has capacity to generate over 2.9 million
megawatts electricity per annum. Pakistan is amongst the countries which receive
highest daily solar insolation level (Mega Joulesper square meter) and annual mean
sunshine days.

Page 2

....
...

~-. t~

.',-
Annual average mean daily
Solar Radiation in Pakistan,
kWh/sq. m

&JSolarEnergy Potential in Pakistan

Quaid-e-Azam Solar Park
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132 kV
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Quaid-e-Azam Solar Park Location on Map
Total Area = 11300 acres

Quaid-e-Azam Solar Park
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Government of Punjab has allocated 11,300 acres of land for the solar park at

Lal-Suhanra. Accordingly Ministry of Water and Power has directed NTDC to

ensure evacuation of power from the said park through 220 kV Transmission Lines

and MEPCO to evacuate power from 132kV network.

._ .. -

Proposed Phase Proposed Capacity
(MW)

Phase-I 100

Phase-II 300

Phase-III 600

Total 1000
_._-_._ ~

Solar Power Capacity at Lal-Suhanra

Quaid-e-Azarn Solar Park
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MEPCO network around Quaid-e-Azam solar park comprises of 33 kV, 66 kV

and 132kV voltage levels.

.!:ill@.

~ ~
G/STN .I! .[§.lli ll.
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132kV 0 -.. 0
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MEPCO System Network around Quaid-e-Azam Solar
Park

Quaid-e-Azam Solar Park
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A 132 kV DIC transmission line approx. 4 km long on Rail conductor for
looping In/Out of the proposed 132 kV Bahawalpur - Lal Suhanra SIC at
solar power plants.

Scope of Work (To be Completed by MEPCO):

~ PROPOSED

~ .Ii ~ .ul
220,V 0 0
132kV - 0 -
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220kV
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t . HOiA

ARiFYI.;1A
Proposed Interconnection Scheme fot Evacuation of upto 100MWPower from
Upcoming Solar Projects at Quald·E·Azam Solar Park In Lal Sohanra
Phase· f

Phase - I (100 MW)

Proposed Interconnection Scheme for evacuation of
1000MW from Quaid-e-Azam Solar Power Park

Quaid-e-Azam Solar Park
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(i) A 132 kV D/C transmission line approx. 8 km long on Rail conductor for
looping In/Out of the proposed 132 kV Bahawalpur Cantt. - Lal Suhanra
SIC at solar power plants.

(ii) A 132 kV D/C transmission line approx. 4 km long on Rail conductor for
looping In/Out of the proposed 132 kV Bahawalpur - Lal Suhanra SIC at
solar power plants.

(iii)A 132 kV DIC transmission line approx. 40 Ian long on Rail conductor
from Bahawalpur New to Lodhran & looping In/Out of one circuit at
Baghdad-ul- Jaded.

Scope of Work (To be Completed by MEPCO):
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Proposod Interconnection Scheme for Evacuation of upto(100+300)400 MW Poway from
Upcoming Solar Projects at Quaid-E-Azam Solar Park in Lal Sohanra ~FWNA
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Phase - II (300 MW)
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(i) A 220/132 kV collector substation atlaround Lal Suhanra substation with
3x250MV A, 2201132 kV transformers.

(ii) A 220 kV D/C transmission line, approx. 40 km long on twin-bundled Rail
conductor from 220 kV Lal Suhanra to Bahawalpur substation.

(iii) Three 132 kV D/C transmission lines, each approx. 8 km (total 24 krn) long
on Rail conductor, from 220 kV collector substations to individual solar
power projects.

Scope of Work (To be Completed by NTDC):
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ililli!. .Ii e :!il.
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Proposed Interconnection Scheme for Evacuation of upto(40G+600)1000 MW Power from
Upcoming Solar Projeets at Quaid·E·Azam Solar Park in LalSohanra AFJfVlfl).

~

Phase - III (600 MW)

Quaid-e-Azarn Solar Park
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Activity 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1
Tendering and Procurement of
Material I I
Invitation of Bids for .12 Construction

3
Evaluation of Bids for -,~,
Cons truction -

4
Award of Contract for ..Construction

5 Mobilization ~:i:ltt~i_

Soil Investigatlon
I

6

7 Foundation of Towers
1 1 I 1 , 1 1

8 Erection of Towers

Stringing of

9
ConductOlo/OPGW/Shie ldwire
alongwith hardware and
access ories

10
Inspection, Testing & •Commiss ioning

Schedule of Construction o:lf220KV TILine (No. offmonths)

Schedule: Phase -III

Quaid-e-Azam Solar Park
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----------

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

I

MonthsSr. Activity

1
Tendering and Procurement
oj[Equipment

Invitation of Bid for
2

Construction

3 Evahiation of Bids

<t Award of Contract

5 Mobilization

6 SolinInvestigation

7
Equipment/ Control House
Buildiug Design Release

8 CivillConstruction

9 Equipment Installaion

10 Testing & Commissioning

Project Completion Schedule of 220kV AIS Grid Station Quaid-e-Azam Solar Park

Quaid-e-Azam Solar Park



Phase Local (Rs, million) FEe (Rs. million) Total (Rs. million)

Phase-III 1659 1644 3303

Summary of the Estimated Cost for Phase= III

financing window.

has advised NTDC to initiate formal request through proper channel to tap this

Evacuation of Power from Quiad-e-Azam Solar Park. Ministry of Water and Power

No. SO(P) ED/2l-93/20 13 that ADB has indicated availability of financing for

It has been communicated through Government of Punjab Energy Department letter

Financing

anticipatory approval. A copy of formal request is attached in annexure.

from GoP. Simultaneously, MoW&P has already been requested to arrange

been submitted to Ministry of Water & Power (MoW&P) for arranging approval

PC-I for the evacuation of power from Quaid-e-Azam Solar Park at lal-Suhanra has

Approval Status of PC=I for
Power Evacuation from Quaid-e-Azam Solar Park

Quaid-e-Azam Solar Park
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Appendix-1: Short Circuit Study Exhibits

Appendix-2: 50 MW Solar PV Plant Model Parameters

Appendix-3: Transient Stability Study Exhibits

Figure #1: Geographical Diagram of Interconnection Scheme
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3. Since solar power technology is new in Pakistan, therefore, plant data from various
equipment manufactures/suppliers is not available in Pakistan at present. The
detailed parameters of 50 MW Solar PV plant by M/s DACC available in Planning
Power NTDC, have been used for a" the analysis in this report. These analyses

• A 220 kV D/C transmission line, approx. 40 km long on twin-bundled Rail
conductor from 220 kV Lal Suhanra to Bahawalpur substation.

Three 132 kV D/C transmission lines, each approx. 8 km (total 24 km) long
on Rail conductor, from 220 kV collector substations to individual solar power
projects.

Phase-3: Additional 600 MW Solar Power Evacuation at 220 kV Voltage

• A 220/132 kV collector substation at/around Lal Suhanra with 3x250MVA,
220/132 kV transformers.

• A 132 kV D/C transmission line approx. 40 km long on Rail conductor from
Bahawalpur New to Lodhran & looping In/Out of one circuit at Baghdad-ul­
Jaded.

A 132 kV D/C transmission line approx. 4 km long on Rail conductor for
looping In/Out of the proposed 132 kV Bahawalpur - Lal Suhanra SIC at
solar power plants.

Phase-2: Additional 300 MW Solar Power Evacuation at 132 kV Voltage

• A 132 kV D/C transmission line approx. 8 km long on Rail conductor for
looping In/Out of the proposed 132 kV Bahawalpur Cantt. - Lal Suhanra SIC
at solar power plants.

Phase-1: First 100 MWSolar Power Evacuation at 132 kV Voltage

• A 132 kV D/C transmission line approx. 4 km long on Rail conductor for
looping In/Out of the proposed 132 kV Bahawalpur - Lal Suhanra SIC at
solar power plants.

1. For interconnection of 1000 MW solar power plants at Quaid-e-Azam Solar Park at
Lal Suhanra, detailed load flow studies have been already provided. In this report,
the results of short circuit, transient stability and power quality studies have been
presented.

2. The proposed interconnection scheme for evacuation of power from 1000 MW Solar
power plants in the Solar Park at Lal Suhanra, is given as under:

Executive Summary



7. On the basis of above advanced technical analysis presented in this report, it is
concluded that the proposed interconnection scheme has no technical constraints
or problems in evacuation of power from 1000 MW solar PV power plants to the
system networks of NTDC and MEPCO. It fulfills all the criteria of reliability and
stability under short circuit and transient conditions. The power quality related
parameters computed in the studies have also been found well within permissible
limits. Therefore, the proposed interconnection scheme for evacuation of power
from 1000 MW Quaid-e-Azam solar power park is recommended to be adopted.

6. The issues of power quality with the induction of solar power plants have been
studied in detail. The study results indicate that the power quality parameters
remain within the permissible limits as mentioned in relevant IEC standard. In
short, no power quality issues have been encountered in the studies. Moreover,
this is the responsibility of developer of a solar power project to install necessary
monitoring and compensating equipment at its switchyard to meet power quality
standards as per requirements of Grid Code Addendum for solar power plants.

5. Transient stability analysis of the proposed interconnection scheme has been
carried out using the NEPRA Grid Code Criteria. The stability of solar plants and the
power system has been checked with application of faults at the 132 kV switchyard
of solar plant and 220 kV substations of Lal Suhanra & Bahawalpur followed by the
outage of the associated transmission lines. The solar power plants and the power
system have been found strong enough to remain stable and synchronized with no
adverse effects. In generation, the proposed scheme successfully passed the
stability checks. The LVRT requirements as mentioned in Grid Code Addendum for
solar power plants are also successfully met.

4. Short circuit studies have been carried out with proposed Interconnection option to
compute the maximum three phase and single phase short circuit levels after the
induction of 1000 MW solar power plants at Lal Suhanra. It is found that the
proposed solar generation of 1000 MW has no adverse impact on the existing
220kV and 132 kV substations in their vicinity and the short circuit currents remain
within installed switchgear ratings. On the other hand, standard switchgear of the
short circuit rating of 40 kA would be fine to be installed at 132 kV switchyards of
solar plants and 220/132 kV substation at/around Lal Suhanra.

would be required to be carried out again at the interconnection/design stages of
the solar power plants according to their equipment specifications.

11



Voltage Maximum Short Circuit Levels
Name of Faulted Bus Bar

Level Three Phase Single Phase

LalSuhanra-New 220kV 8.27kA 4.88kA

Bahawalpur 220kV 11.25kA 6.99kA

LalShuanra-New 132kV 9.49kA 6.50kA

Bahawalpur-NewBusBar-1 132kV 6.87kA 5.27kA

The short circuit studies have been carried out with proposed interconnection
scope of work for 1000 MW solar power plants to compute the maximum three
phase and single phase short circuit levels after induction of solar power plants
for the year 2016-17. The studies have been carried out with all the existing and
planned generation including 1000 MW solar plants in operation and with
interconnected transmission system. The results of the short circuit studies for
the year 2016-17 are summarized as under:

1.2 Short Circuit Study Results

Since solar power is a quite new in Pakistan, therefore, plant data from various
equipment manufactures/suppliers is not available in Pakistan. The detailed
parameters of 50 MW Solar PV project by M/s DACC available in Planning Power
NTDC, have been used for the short circuit analysis in this report.

• Set tap ratios to unity

• Set line charging to Zero

• Set shunt to zero in positive sequence

• Desired voltaqe magnitude at bus bars set equal to 1.1 P.U.

The latest system network data of NTDC and MEPCO as available with Planning
(Power) NTDC has been used.

The methodology of IEC 909 has been applied in all short circuit analysis in this
report for which provision is available in the PSS/E software used for these
studies. The maximum fault currents have been calculated with the following
assumptions under IEC 909:

1.1 Methodology and Assumptions

1. Short Circuit Analysis

Short Circuit Analysis
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It is evident from the above table that the induction of 1000 MW solar power
plants have no adverse impact on the existing 220 kVand 132 kV substations in
their vicinity and the short circuit currents remain within installed switchgear

1.3 Conclusions of Short Circuit Analysis

Voltage Maximum Short Circuit Levels
Name of Faulted Bus Bar

Level Three Phase Single Phase

Bahawalpur-NewBus Bar-2 132 kV 12.83 kA 9.07 kA

Lal Suhanra (Old) 132 kV 6.97 kA 4.52 kA

Bahawalpur (Old) 132 kV 6.87 kA 4.96 kA

Bughdad-ul-Jadid 132 kV 7.39 kA 4.78 kA

Lodhran 132 kV 7.61 kA 5.08 kA

Solar PP-1 132 kV 6.66 kA 4.33 kA

Solar PP-2 132 kV 6.59 kA 4.27 kA

Solar PP-3 132 kV 6.53 kA 4.24 kA

Solar PP-4 132 kV 6.48 kA 4.42 kA

Solar PP-5 132 kV 6.73 kA 4.35 kA

- ,SolarPP-6 132 kV 6.68 kA 4.33 kA..

Solar PP-7 132 kV 6.65 kA 4.31 kA

Solar PP-8 132 kV 6.61 kA 4.30 kA

Solar PP-9 132 kV 9.11 kA 6.31 kA

Solar PP-10 132 kV 8.75 kA 6.14 kA

Solar PP-11 132 kV 8.55 kA 6.03 kA

Solar PP-12 132 kV 8.48 kA 5.96 kA

Solar PP-13 132 kV 9.11 kA 6.31 kA

Solar PP-14 132 kV 8.75 kA 6.14 kA

Solar PP-15 132 kV 8.55 kA 6.03 kA

Solar PP-16 132 kV 8.48 kA 5.96 kA

Solar PP-17 132 kV 9.11 kA 6.31 kA

Solar PP-18 132 kV 8.75 kA 6.14 kA

Solar PP-19 132 kV 8.55 kA 6.03 kA

Solar PP-20 132 kV 8.48 kA 5.96 kA

Short Circuit Analysis
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ratings. Moreover, the standard switchgear of the short circuit rating of 40 kA
would be sufficient to be installed at 132kV switchyards of solar plants and
220/132 kV substation at Lal Suhanra. The detailed results of short circuit
studies are attached in Appendix-1.

Short Circuit Analysis
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As explained in previous section, plant data from various equipment
manufactures/suppliers is not available in Pakistan. The detailed dynamic model

2.3 Methodology and Assumptions

The LVRT requirements for the solar power plants can be observed from the
results of transient stability simulations carried out in this section.

• The PV Solar Power Project will manage active power restoration, after
voltage recovery, at a rate of at least 20% of nominal output power per
second.

• A PV Solar Power Project must withstand a voltage dip down to 30%
Retained Voltage for a duration of at least 100 ms for a normal clearing
case and at least for 180ms in case of Stuck Breaker.

2.2 Low Voltage Ride Through (LVRT) Requirements

In addition to above stability criteria for a conventional power plant, the following
Low Voltage Ride Through (LVRT) requirementsare also to be met by solar power
plant as mentioned in the Grid Code Addendum which is under approval in
NEPRA.

• Permanent three-phase fault on any transmission line and associated
• ~'. - - - " r'.. ._ ~ "~. ..

components. It is assumed that the fault will be cleared in 5 cycles.

• Failure of a circuit breaker to clear a fault (Stuck Breaker Condition) in
5 cycles, with backup clearing in 9-cycles after fault initiation.

Transient stability studies have been carried out to assess the dynamic
performance of the solar power plants and grid after being subjected to the
following disturbances as given in NEPRA's Grid Code:

2.1 Stability Criteria:

Transient stability studies have been carried out to evaluate the response of
generator (angle and speed), bus voltage, frequency, active/reactive power flows
on transmission lines etc. after occurrences of faults. The transient stability
simulations are used to check whether the system acquire a stable state with
good damping of transients due to non-linearity in the system or it would go
astray and get unstable.

2 TransientStabilityAnalysis

Transient Stability Analysis
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The geographical diagram showing the scope of work for the proposed solar
generation is shown in Figure#1 and the load flow plot on which the stability
analysis is based for the system scenario of AuglSep 2016 when solar power
output would be maximum, is attached as Exhibit#1-A. Solar PP-1 has been
modelled in detailed with the following scheme;

• The proposed Solar PP-1 would generate power at low voltage of 0.3 kV
(after DC/AC conversion) which would be stepped up to a medium voltage
of 22 kV through 22/0.3 kV transformers.

• Five collector groups of 8.6 MW each to be connected to a 22 kV collector
station bus bar which would be stepped up to high voltage of 132 kV
through 132/22 kV transformers.

The parameters for the above generic models have been assumed as of the
50MW solar power project sponsored by Mis DACC (attached in Appendix-2) as
mentioned in Section 1.1. It is important to intimate that the transient stability
analysis of each solar power plant will be required to be carried out at later stage
during detailed interconnection studyldesign stages according to the
specifications of the equipment used in power plants.

PVGU1
PVEUI
PANELU1
IRRADU1

Generator Model
Electrical Modei
Solar Panel Model
Solar RadiationModel

2.4 Modelling of Solar Power Plant

Transient stability studies have been carried out using following generic models
available in the PSS/Emodel library for solar power plant;

• Run simulation for initial one second for pre-fault steady state condition.

• Apply fault at one second and run the simulation for 1.1-secondduration.

• At 1.1 second clear the fault and trip the required circuit.

• Run the simulation up to 10 seconds after clearing fault.

The simulations have been run in time domain as follows;

parameters 50 MW Solar PV plant by Mis DACC, available in Planning Power
NTDC, have been used for the transient stability analysis with the induction of
1000MW solar plants in Quad-e-Azam solar park at Lal Suhanra in this report.

Transient Stability Analysis
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Sr. Type of Faults Exhibit Plotted Quantity Response# #

3-phase fault at 1 Frequency Solar power
Bahawalpur 220 kV plants and
bus cleared in 5 cycles 2 Bus Voltage NTDC/MEPCO

1 and the outage of systems
Bahawalpur to Lal 3 P & Q Line Flows remain stable.
Suhanra-New 220 kV No LVRT
single circuit. 4

P & Q of Solar Plant problem at
Solar Plant.

3-phase fault at Lal 5 Frequency Solar power
Suhanra-New 220 kV Bus Voltage plants and
bus cleared in 5 cycles 6 NTDC/MEPCO

2 and the outage of
7 P & Q Line Flows

. systems
Bahawalpur to Lal remain stable.
Suhanra-New 220kV P & Q of Solar Plant No LVRT
single circuit. 8 problem at

Solar Plant.

3-phase fault at 9 Frequency
Bahawalpur 132 kV Solar power
bus cleared in 5 cycles 10 Bus Voltage plants and
and the outage of NTDC/MEPCO
Bahawalpur to Solar 11 P & Q Line Flows systems3
PP-4 132 kV single P & Q of Solar Plant remain stable.
circuit. No LVRT

12 problem at
Solar Plant.

Table-t: Transient Stability Results for 5 Cycles Faults

The transient stability studies for 5 cycles fault during peak load condition of

Aug/Sep 2016 (summer season) for the 1000 MW solar power plants have been

carried out. The plotted results of the simulations are attached as Appendix-3.

The details of the faults and the outages with description of respective plots

depicting their stability behaviour are provided in the Table-1 given below:

i. Bus Frequency plot

ii. Bus Voltage plot

iii. Line Power Flows, i.e., P (MW) & Q (MVAR) plots

iv. P (MW) & Q (MVAR) of Solar Plant

The solar plant and system network variables monitored and recorded in the

simulations are provided below:

2.5 Transient Stability Study Results

Transient Stability Analysis
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Sr. Type of Faults Exhibit Plotted Quantity Response# #

3-phase fault at Lal 13 Frequenc_y Solar power
Suhanra-New 132kV 14 Bus Voltage plants and
bus cleared in 5 NTDC/MEPCO

4 cycles and the outage 15 P & Q Line Flows systems
of Lal Suhanra-New to P & Q of Solar Plant remain stable.
Solar PP-12 132 kV No LVRT
single circuit. 16 problem at

Solar Plant.

3-phase fault at Lal 17 Frequency Solar power
Suhanra (old) 132 kV 18 Bus Voltage plants and
bus cleared in 5 cycles NTDC/MEPCO

5 and the outage of Lal 19 P & Q Line Flows systems
Suhnara (old) to Solar remain stable.
PP-5 132 kV single P & Q of Solar Plant No LVRT
circuit. 20 problem at

Solar Plant.

3-phase fault at Lal 21 Frequency
Suhanra(old) 132 kV Solar power
bus cleared in 5 cycles 22 Bus Voltage plants and

6 and the outage of Lal NTDC/MEPCO
Suhnara (old) to Solar 23 P & Q Line Flows systems
PP-1 132 kV single P & Q of Solar Plant remain stable
circuit. 24

3-phase fault at Solar 25 Frequency Solar power
PP-1132kVbus Bus Voltage plants and
cleared in 5 cycles and 26 NTDC/MEPCO

7 the outage Lal 27 P & Q Line Flows systems
Suhnara (old) to Solar remain stable.
PP-1 132 kV single P & Q of Solar Plant No LVRT
circuit. 28 problem at

Solar Plant.

3-phase fault at Solar 29 Frequency Solar power
PP-1 132 kV bus plants and
cleared in 5 cycles and 30 Bus Voltage NTDC/MEPCO

8 the outage Solar PP-2 systems
to Solar PP-1 132 kV 31 P & Q Line Flows remain stable.
single circuit. P & Q of Solar Plant No LVRT

32 problem at
Solar Plant.

3-phase fault at Solar 33 Frequency Solar power
9 PP-1 22 kV bus 34 Bus Voltage plants andcleared in 5 cycles and NTDC/MEPCO35 P & Q Line Flows

Transient Stability Analysis
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Sr. Type of Faults Exhibit # Plotted Quantity Response#

3-phase fault at 41 Frequency Solar power
Bahawalpur 220 kV

42 Bus Voltage
plants and

bus cleared in 9 NTDC/MEPCO
1 cycles and the outage 43 P & Q Line Flows systems remain

of Bahawalpur to Lal P & Q of Solar Plant stable. No
Suhanra-New 220 kV 44 LVRT problem
single circuit. at Solar Plant.

3-phase fault at Lal 45 Frequency Solar power
Suhanra-New 220 kV 46 Bus Voltace plants and
bus cleared in 9 NTDC/MEPCO

2 cycles and the outage 47 P & Q Line Flows systems remain
of Bahawalpur to Lal P & Q of Solar Plant stable. No
Suhanra-New 220kV 48 LVRT problem
sinole circuit. at Solar Plant..

3-phase fault at 49 Frequency Solar power
Bahawalpur 132 kV 50 Bus Voltage plants and
bus cleared in 9 NTDC/MEPCO

3 cycles and the outage 51 P & Q Line Flows systems remain
of Bahawalpur to P & Q of Solar Plant

stable. No
Solar PP-4 132 kV 52 LVRT problem
single circuit. at Solar Plant..

Table-2: Transient Stability Results for 9 Cycles Faults

The transient stability studies for 9 cycles fault (stuck breaker) during peak load
conditions of Aug/Sep 2016 (summer season) for the 1000 MW solar power
plants has been carried out. The plotted results of the simulations are attached a~ ..
Appendix-3. The details of the faults and the outages with description of
respective plots depicting their stability behaviour are provided in the Table-2
given below:

Sr. Type of Faults Exhibit Plotted Quantity Response# #

the outage of Solar P & Q of Solar Plant systems

PP-1 collector station remain stable.

(10MW). 36 No LVRT
problem at
Solar Plant.

3-phase fault at Solar 37 Frequency Solar power
PP-1 132 kV bus 38 Bus Voltage plants and
cleared in 5 cycles and NTDC/MEPCO

10 the outage of 132/22kV 39 P & Q Line Flows systems
transformer. P & Q of Solar Plant remain stable.

No LVRT
40 problem at

Solar Plant.

Transient Stability Analysis
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Sr. Type of Faults Exhibit# Plotted Quantity Response#

3-phase fault at Lal 53 Frequency Solar power
Suhanra-New 132kV 54 Bus Voltage plants and
bus cleared in 9 NTDC/MEPCO

4 cycles and the outage 55 P & Q Line Flows systems remain
of Lal Suhanra-New to P & Q of Solar Plant stable. No
Solar PP-12 132 kV 56 LVRT problem
single circuit. at Solar Plant.

3-phase fault at Lal 57 Frequency Solar power
Suhanra (old) 132 kV

58 Bus Voltage plants and
bus cleared in 9 NTDC/MEPCO

5 cycles and the outage 59 P & Q Line Flows systems remain
of Lal Suhnara (old) to P & Q of Solar Plant stable. No
Solar PP-5 132 kV 60 LVRT problem
single circuit. at Solar Plant.

3-phase fault at Lal 61 Frequency Solar power
Suhanra(old) 132 kV 62 Bus Voltage plants and
bus cleared in 9 NTDC/MEPCO .-

6 cycles and the outage 63 P & Q Line Flows systems remain
of Lal Suhnara(old) to P & Q of Solar Plant stable. No
Solar PP-1 132 kV 64 LVRT problem
single circuit. at Solar Plant.

3-phase fault at Solar 65 Frequency Solar power
PP-1 132 kV bus 66 Bus Voltage plants and
cleared in 9 cycles NTDC/MEPCO

7 and the outage Lal 67 P & Q Line Flows systems remain
Suhnara (old) to Solar P & Q of Solar Plant stable. No
PP-1 132 kV single 68 LVRT problem
circuit. at Solar Plant.

3-phase fault at Solar 69 Frequency Solar power
PP-1 132 kV bus 70 Bus Voltage plants and
cleared in 9 cycles NTDC/MEPCO

8 and the outage Solar 71 P & Q Line Flows systems remain
PP-2 to Solar PP-1 stable. No
132 kV single circuit. P & Q of Solar Plant LVRT problem72

at Solar Plant.

3-phase fault at Solar 73 Frequency Solar power
PP-1 22 kV bus 74 Bus Voltage plants and
cleared in 9 cycles NTDC/MEPCO

9 and the outage of 75 P & Q Line Flows systems remain
Solar PP-1 collector P & Q of Solar Plant stable. No
station (10MW). 76 LVRT problem

at Solar Plant.

3-phase fault at Solar 77 Freguency Solar power10 PP-1 132 kV bus 78 Bus Voltage plants and

Transient Stability Analysis
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In general, there is no problem of transient stability and LVRT pertaining to the
proposed interconnection of the solar power plants; and the power system and
the solar power plant remain stable when subjected to severe disturbances.

The results of transient stability analysis indicate that the NTDC/MEPCO systems

connecting with solar power plants through the proposed interconnection scheme

are strong enough to absorb the worst disturbances on either side, i.e., on solar

power plant side or the Grid side. It can also be seen from the above stability

plots that solar power plants also fulfil the requirements of LVRT and the rate of

power restoration after voltage dip is faster than 20% per second as required in

Grid Code.

2.6 Conclusions of Transient Stability Analysis

Sr. Type of Faults Exhibit # Plotted Quantity Response#
cleared in 9 cycles 79 P & Q Line Flows NTDC/MEPCO
and the outage of systems remain
132122 kV P & Q of Solar Plant stable. No
transformer. 80 LVRT problem

at Solar Plant.

Transient Stability Analysis
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For the minimum short circuit case, the system network in the vicinity of solar
power park has been modeledwith minimum generation in operation, especially,
in Muzaffargarh, Kot Addu & Multan areas and the generation in solar park has
been reduced to 50%. The short circuit calculations have been done at 0.9 p.u.
voltage. All the invertors of a solar power plant under study (plant PP-1) have
been assumed in operation for the calculation of extreme value of flicker level at
132 kV bus of solar power plant. The values used in the calculation of flicker are
as below:

The value of c (<J>k) may not be greater than 1, therefore for the present analysis,
the value of 1 for the worst case has been assumed. PCC is the point of common
couplingwhich is 132 kV bus of the switchyard of Solar PP-1 plant.

Sn is the rated apparent power of the one inverter

Sk is the short-circuit apparent power at PCC
Nwt is the number of inverters connected to the PCC

Where
(A)

IEC61400-21 standard have been used for the calculation of flicker levels for
steady-state continuous operation. The probability of 99th percentile flicker
emission from a single inverter during continuous operation for short time PstI
and long time flicker level P1tI are assumed same and calculated by the
following formula:

3.1 Flicker

The power quality analysis is very important for a solar PV power plant that may
cause flicker and distortions in the power supply due to inverter action. These
issues become more significant for weak power systems having low short circuit
strength. Therefore, power quality analysis has been carried out for the worst
case scenario of minimum system short circuit levels in year 2016-17 for the
interconnection scheme of solar power plants at Lal Suhanra.

3. Power Quality Analysis

Power Quality Analysis
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It corresponds to 0.68% (1/146.99) step-change in voltage which is quite less
than the permissible limit of 3%.

Kkl = Voltage Step-change factor = 146.99

Using above values in Equation (8), we get

SkV = Short circuit power at the pee = 1234.75 MVA

Smax= Maximum apparent power of one collector group connected
to the pee = 8.4 MVA

In our simulated case, the short circuit power and apparent power come out as
under:

The value of Kkl> 33 represents less than 3% (1/33) step-change in voltage.

(8)

The rise of the voltage with solar PV units at the point of pee should be less than
3%. With only one collector group at pee of a solar plant under study and 50%
generation in solar park in operation, this condition is evaluated by using the
following formula;

i. Voltage Step-Change

3.2 Voltage Unbalance

Whereas, the acceptable value in lEe Standard is less than 4%. Therefore, the
flicker level is far less than the maximum permissible limit which implies that the
inverters at Solar PP-1 power plant would not cause any flicker problem during
steady state operation even in the weakest system conditions.

Using the above data in Equation (A), we get

PStL = PltL=0.002852 = 0.28%

Sn= 0.3 MVA

Nwr= 143

Skfor 132 kV bus = 1257.2 MVA

Power Quality Analysis
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The important power quality parameters like flicker and voltage unbalance, with
the inclusion of solar power plants, have been computed for the worst case
scenario and compared with IEG permissible standards. The study results
indicate that the levels of flicker and voltage unbalance are within the permissible
limits of lEG, and therefore, pose no technical constraints pertaining to power
quality issues with the interconnection of solar power plants at Quaid-e-Azam
solar park at Lal Suhanra.

3.3 Conclusions of Power Quality Analysis

The above voltage variation is far less the acceptable limit of 2.34% in lEG
Standard.

U,= 0.000234 = 0.0234%

Using above values in Equation (C), we get

SkV.= 1234.75MVA

SrE= 0.3 MVA

The above calculation gives an upper assessment for a safe margin basically.

For a solar power plant, Ki,max can be assumed to be 1. In our case, the values of

short circuit power and apparent power come out as under:

SkY = Short-circuit power at the PGG

SrE = Nominal apparent power of the Solar PV unit that is to be
connected

kima% = Maximum inrush current in relation to the nominal current

(G)

The voltage variation with only one collector group at PGGof a solar plant under

study can be estimated by the following formula:

ii. Voltage Variation

Power Quality Analysis
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Appendix-1

Short Circuit Study Exhibits



-------- -------------------'

R>.Je 1

DEGAMPMVAX---------- BUS ----------X

<-SCMVA-> <-Sym I' 'k rms-->
/1/ AN(I)

<-SCMVA-> <-Sym I"k rms-->
/1/ AN(I)

X---------- BUS ----------X MVA AMP DEG
7140 [BHAWALPR 132.00J 3PH 1563.31 6837.7 -61.03

LG 1133.02 4955.7 -60.94
THEVENIN IMPEDANCE, X/R (OHM) Z+:2.497+j14.407, 5.77081 Z-:2.497+j14.407, 5.77036 ZO:5.433+j30.806, 5.67020

<-SCMVA-> <-Sym I' 'k rms-->
/1/ AN(I)

X---------- BUS ----------X MVA AMP DEG
7138 [BWNP-2 132.00J 3PH 1569.13 6863.2 -62.65

LG 1204.93 5270.2 -62.92
THEVENIN IMPEDANCE, X/R (OHM) Z+:2.085+j14.389, 6.90077 Z-:2.085+j14.389, 6.90017 ZO:3.711+j27.475, 7.40396

<-SCMVA-> <-Sym I' 'k rms-->
/1/ AN(I)

X---------- BUS ----------X MVA AMP DEG
7139 [BWPN-1 132.00J 3PH 2931.35 12821.3 -61.75

LG 2070.61 9056.6 -61.00
THEVENIN IMPEDANCE, X/R (OHM) Z+:1.206+j7.787, 6.45600 Z-:1.206+j7.787, 6.45486 ZO:3.140+j17.430, 5.55157

<-SCMVA-> <-Sym I"k rms-->
/1/ AN(I)

X---------- BUS ----------X MVA AMP DEG
7650 [L.SUHANRA132132.00J 3PH 2208.52 9659.8 -60.34

LG 1496.27 6544.5 -57.56
THEVENIN IMPEDANCE, X/R (OHM) Z+:1.018+j10.762, 10.57597 Z-:1.018+j1C.762, 10.57467 ZO:4.778+j25.856, 5.41159

<-SCMVA-> <-Sym I' 'k rms-->
/1/ AN(I)

X---------- BUS ----------X MVA AMP DEG
765 [L.SUHANRA220220.00J 3PH 3147.94 8261.2 -61.35

LG 1859.40 4879.7 -58.79
THEVENIN IMPEDANCE, X/R (OHM) Z+:2.827+j20.214, 7.15136 Z-:2.827+j20.213, 7.15039 ZO:13.272+j61.496, 4.63359

6.99611 ZO:8.110+j40.701, 5.01862
LG

(OHM)THEVENIN IMPEDANCE, X/R

X---------- BUS ----------X
550 [BAHWALPR 220.00J 3PH

17:20WED, JAN 2? e14PSS®E ASCC S'~ CIRCUIT CURRENTS

<-SCMVA-> <-Sym I"k rms-->
/1/ AN(I)

MVA AMP DEG
4285.96 11247.7 -63.25
2662.58 6987.5 -61.41

Z+:2.074+j14.513, 6.99742 Z-:2.074+j14.512,

SHORT CIRCUIT CASE 2016
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<-SCMVA-> <-Sym I''k rms-->
---------------------------------------------------------------------------------------------------------------

<-SCMVA-> <-Sym I''k rms-->
III AN(I)

X---------- BUS ----------X MVA AMP DEG
7654 [SOLAR PP-4 132.00J 3PH 1482.17 6482.8 -54.91

LG 965.65 4223.6 -54.64
THEVENIN IMPEDANCE, x/R (OHM) Z+:3.533+j16.329, 4.62220 Z-:3.533+j16,329, 4.62173 ZO:9.557+j42.456, 4.44234

---------------------------------------------------------------------------------------------------------------

<-SCMVA-> <-Sym I''k rms-->
III AN(I)

X---------- BUS ----------X MVA AMP DEG
7653 [SOLAR PP-3 132.00J 3PH 1494.32 6535.9 -54.74

LG 971.11 4247.5 -54.52
THEVENIN IMPEDANCE, x/R (OHM) Z+:3.540+j16.211, 4.57934 Z-:3.540+j16.210, 4.57887 ZO:9.547+j42.351, 4.43601

---------------------------------------------------------------------------------------------------------------

<-SCMVA-> <-Sym I"k rms-->
III AN(I)

X---------- BUS ----------X MVA AMP DEG
7652 [SOLAR PP-2 132.00J 3PH 1507.55 6593.8 -54.61

LG 976.40 4270.6 -54.45
THEVENIN IMPEDANCE, x/R (OHM) Z+:3.543+j16.067, 4.53541 Z-:3.543+j16.067, 4.53494 ZO:9.537+j42.242, 4.42943

----------------------------------------------------------------------------------------------------------------

<-SCMVA-> <-Sym I' 'k rms-->
III AN(I)

X---------- BUS ----------X MVA AMP DEG
7651 [SOLAR PP-1 132.00J 3PH 1522.36 6658.6 -54.54

LG 981.77 4294.1 -54.43
THEVENIN IMPEDANCE, x/R (OHM) Z+:3.540+j15.898, 4.49025 Z-:3.541+j15,897, 4.48978 ZO:9.526+j42.129, 4.42261

---------------------------------------------------------------------------------------------------------------

<-SCMVA-> <-Sym I' 'k rms-->
III AN(I)

X---------- BUS ----------X MVA AMP DEG
6419 [L.SOHANRA 132.00J 3PH 1593.26 6968.7 -54.37

LG 1031.81 4513.0 -54.45
THEVENIN IMPEDANCE, x/R (OHM) Z+:3.503+j15.096, 4.30972 Z-:3.503+j15 095, 4.30923 ZO:9.133+j39.760, 4.35352

---------------------------------------------------------------------------------------------------------------

<-SCMVA-> <-Sym I''k rms-->
III AN(I)

X---------- BUS ----------X MVA AMP DEG
7120 [LODHRAN 132.00J 3PH 1738.71 7604.9 -60.88

LG 1159.33 5070.8 -59.90
THEVENIN IMPEDANCE, x/R (OHM) Z+:2.268+j13.018, 5.73975 Z-:2.268+j13.017, 5.73924 ZO:6.666+j32.352, 4.85301

-------------------------------------------------------------------------._-------------------------------------

LG
THEVENIN IMPEDANCE, x/R (OHM)

1687.9r 7382.6 -60.81
1091.30 4773.5 -59.77

Z+:2.332+j13.455, 5.76994 Z-:2.332+j13.454, 5.76941 zO:7.286+j35.310, 4.84652

132.00J 3PH7130 [BU.JADID
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<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7661 [SOLARPP-11 132.00] 3PH 1955.83 8554.5 -59.37

LG 1379.28 6032.8 -57.06
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.298+j12.190,9.39423 Z-:1.298+j12.190,9.39329 ZO:5.014+j27.212,5.42747

<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

MVA AMP DEG
2002.19 8757.3 -59.54
1405.33 6146.7 -57.15

Z+:1.242+j11.904,9.58802 Z-:1.242+j11.904,9.58703 ZO:4.941+j26.807,5.42567

<-SCMVA-><-Sym I' 'k rms-->
/1/ AN(I)

MVA AMP DEG
2083.53 9113.1 -59.86
1443.68 6314.5 -57.32

Z+:1.148+j11.428,9.95287 Z-:1.148+j11.428,9.95177 ZO:4.862+j26.355,5.42043

X----------BUS ----------X
7660 [SOLARPP-10 132.00] 3PH

LG
THEVENINIMPEDANCE,X/R (OHM)

X----------BUS ----------X
7659 [SOLARpp-9 132.00] 3PH

LG
THEVENINIMPEDANCE,X/R (OHM)

<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7658 [SOLAR-PP8 132.00] 3PH 1513.29 6618.9 -55.02

LG 983.67 4302.4 -54.74
THEVENIN IMPEDANCE,X/R (OHM) Z+:3.445+j15.972,4.63680 Z-:3.445+j15.972,4.63633 ZO:9.375+j41.693,4.44731

<-SCMVA-><-Sym I' 'k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7657 [SOLAR-PP7 132.00] 3PH 1520.73 6651.5 -54.83

LG 987.41 4318.8 -54.61
THEVENIN IMPEDANCE,X/R (OHM) Z+:3.466+j15.911,4.59085 Z-:3.466+j15.911,4.59038 ZO:9.373+j41.630,4.44158

<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7656 [SOLAR-PP6 132.00] 3PH 1529.38 6689.3 -54.69

LG 991.05 4334.7 -54.52
THEVENINIMPEDANCE,X/R (OHM) Z+:3.482+j15.824,4.54406 Z-:3.482+j15.823,4.54358 ZO:9.370+j41.563,4.43560

/1/ AN(I)
X---------- BUS ----------X MVA tit AMP DEG

7655 [SOLARpp-5 132.00] 3PH 1539.52 6733.6 -54.60
LG 994.73 4350.8 -54.49

THEVENIN IMPEDANCE,X/R (OHM) Z+:3.494+j15.709,4.49622 Z-:3.494+j15.709,4.49575 ZO:9.367+j41.491,4.42937
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<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7668 [SOLARPP-18 132.00J 3PH 2001.75 8755.4 -59.53

---------------------------------------------------------------------------------------------------------------

<-SCMVA-><-Sym I"k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7667 [SOLARPP-17 132.00] 3PH 2083.18 9111.5 -59.85

LG 1443.44 6313.4 -57.31
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.148+j11.428,9.95287 Z-:1.148+j11.428,9.95177 ZO:4.862+j26.355,5.42043

-------------------------------------------------------------------------_._------------------------------------

<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7666 [SOLARPP-16 132.00] 3PH 1939.77 8484.3 -59.34

LG 1364.16 5966.7 -57.04
THEVENINIMPEDANCE,X/R (OHM) Z+:1.316+j12.285,9.33315 Z-:1.316+j12.285,9.33224 ZO:5_081+j27.569,5.42600

-------------------------------------------------------------------------_._------------------------------------

<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7665 [SOLARPP-15 132.00] 3PH 1955.56 8553.4 -59.37

LG 1379.09 6032.0 -57.05
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.298+j12.190,9.39423 Z-:1.298+j12.190,9.39329 ZO:5.014+j27.212,5.42747

-------------------------------------------------------------------------~-------------------------------------

<-SCMVA-><-Sym I''k rms-->
/I/ AN(I)

X----------BUS ----------X MVA AMP DEG
7664 [SOLARPP-14 132.00J 3PH 2001.86 8755.9 -59_53

LG 1405.10 6145.7 -57.14
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.242+j11.904,9.58802 Z-:1.242+j11.904,9.58703 ZO:4.941+j26.807,5.42567

---------------------------------------------------------------------------------------------------------------

<-SCMVA-><-Sym I''k rms-->
/1/ AN(I)

X----------BUS ----------X MVA AMP DEG
7663 [SOLARPP-13 132.00] 3PH 2083.18 9111.5 -59.85

LG 1443.44 6313.4 -57.31
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.148+j11.428,9.95287 Z-:1_148+j11,428,9.95177 ZO:4.862+j26.355,5.42043

---------------------------------------------------------------------------------------------------------------

<-SCMVA-_'<-SymI''k rms-->
/I/ AN(I)

X----------BUS ----------X MVA AMP DEG
7662 [SOLARPP-12 132.00] 3PH 1940.09 8485.7 -59.35

LG 1364.39 5967.7 -57.05
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.316+j12.285,9.33315 Z-:1.316+j12285, 9.33224 ZO:5.081+j27.569,5.42600

--- --- --- ---------- -------- -- ..--- ---- -- --- -------------- ------ --------------------------------------------

- .. -- .. - ...---------------------------~~
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---------------------------------------------------------------------------------------------------------------

<-SCMVA-><-Sym I"k rms-->
III AN(I)

X----------BUS ----------X MVA AMP DEG
7670 [SOLARPP-20 132.00J 3PH 1939.66 8483.8 -59.34

LG 1364.08 5966.3 -57.04
THEVENIN IMPEDANCE,X/R (OHM) Z+:1.316+j12.285,9.33315 Z-:1.316+j12.285,9.33224 ZO:5.081+j27.569,5.42600

---------------------------------------------------------------------------------------------------------------

<-SCMVA-><-Sym I''k rms-->
III AN(I)

X----------BUS ----------X MVA AMP DEG
7669 [SOLARpp-19 132.00J 3PH 1955.45 8552.9 -59.37

LG 1379.01 6031.6 -57.05
THEVENINIMPEDANCE,X/R (OHM) Z+:1.298+j12.190,9.39423 Z-:1.298+j12.190,9.39329 ZO:5.014+j27.212,5.42747

LG
THEVENIN IMPEDANCE,X/R (OHM)

1405.0- 6145.4 -57.14 ...
Z+:1.24~~1.904, 9.58802 Z-:1.242+j11.904,9.58~ ZO:4.941+j26.807,5.42567

---------------------------------------------------------------------------------------------------------------



50 MW Solar PV Plant Model Parameters
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PVEUI Model Parameters,- - - -

0.15 Tfv - V-regulator filter

18 Kpv - V-regulator proportional gain

5 Kiv - V-regulator integrator gain

0.05 Kpp - T-regulator proportional gain

0.1 Kip - T-regulator integrator gain

0 Kf - Rate feedback gain

0.08 Tf - Rate feedback time constant

0.47 QMX - V-regulator max limit

-0.47 QMN - V-regulator min limit

1.1 IPMAX - Max active current limit

0 TRV - V-sensor

0.5 dPMX - Max limit in power PI controller (pu)

-0.5 dPMN - Min limit in power PI controller (pu)

0.05 T POWER - Power filter time constant

0.1 KQi - MVARNolt gain

0.9 VMINCL

1.1 VMAXCL

120 KVi - VoltIMV AR gain

0.05 Tv - Lag time constant in WindVar controller

0.05 Tp - Pe1ec filter in fast PF controller

1.7 ImaxTD - Converter current limit

1.8 Iphl - Hard active current limit

1.8 Iqhl - Hard reactive current limit

8.33 PMAX of PV plant

0.02 T_LVPL, Voltage sensor for LVPL, second

2 RIp_LVPL, Rate of active current change

2 CURHVRCR - HVRC logic, current (pu)

1.2 High Voltage reactive Current (HVRC) logic,voltage (pu)

1.11 GLVPL - LVPL gain

0.9 VLVPL2 - LVPL voltage 2 (pu)

0.4 VLVPLl - Low Voltage power Logic (LVPL), voltage 1 (pu)

0.02 TIpCmd, Converter time constant for IPcmd, second

50MW Solar PV Plant Model Parameters
(Sponsored byMis DACC)

0.02 TIQCmd, Converter time constant for IQcmd, second
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5 Tl, Time of the first data point, second

1000 II, Irradiance at first data point, W/m2

10 T2, Time of the second data point, second

900 12, Irradiance at second data point, W/m2

15 T3, Time of the third data point, second

850 13, Irradiance at third data point, W1m2

20 T4, Time of the fourth data point, second

800 14, Irradiance at fourth data point, W/m2

25 1'), LIme of the fifth data point, second

700 IS, Irradiance at fifth data point, W/m2

30 T6, Time of the sixth data point, second

600 16, Irradiance at sixth data point, W/m2

35 T7, Time of the seventh data point, second

700 17, Irradiance at seventh data point, W/m2

,~~.,.. . - .-.,- - - -x-~':j- -~~::::~-:~~="- ---.-:~--.~-'~::?~~~:~f:c;r::-~4~;~- \~:~
i ~
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I __ ~_~ ___ ~_~.~;~~~, ~;\~:~_______ . _~_____A_~c._~_~~,'~:~~_ ~:_~~_~~~WL _

0.16 P200, PDCmax at 200 W1m2, pu

0.38 P400, PDCmax at 400 W1m2, pu

0.59 P600, PDCmax at 600 W/m2, pu

0.85 P800, PDCmax at 800 W1m2, pu

1 PI000, PDCmax at 1000 W1m2, pu



The Report Includes the Typical Electrical Layout Designof a 100 MWp DCProject.

(Typical)

Power House Design
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1.1.3 Inverter
Inverter is the equipment that converts DCpower to AC power and is an integral part of any PV plant.
Features such as MPPT (Maximum Power Point Tracking), multi-power input and high conversion
efficiency are very important while sizing the component in the design. Inverters are generally
categorized on voltage and input power capacity, large sized centralized inverters are built on special
order, other small sized inverters can be readily available from the market.

1.1.2 DC Combiner Box
DCCombiners box is a component that combines the DCcurrent from the PVmodules. This component
can be avoided if the inverter chosen for the Plant Designhasan inbuilt DCcombiner functionality.

1.1.1 PVModules
PVmodule is the major equipment for any solar PVgeneration system, it is the electrical generation unit
which converts solar energy into electrical power. There are many types of PVmodule technologies for
this project the type considered are polycrystalline (15%-18% efficiency) , monocrystalline (12%-16%
efficiency) and Thin-film(6%-10% efficiency). PVmodule is the most costly equipment and has more than
50%share of the total projects cost. PVpanels are readily available becauseof fast production rate and
excessmanufacture capacity.

1.1 DCPower System
DCstands for direct current and all the systems that generate and process direct current (DC) come
under the DCpower systemscategory. Following are the major components of a DCpower System:

Figure1.1:

DC to AC

.II.~•.• "...... IE,iJ...

1 Introduction
The Power house equipment and design can be divided into three major sections DCpower, ACpower
and control and monitoring equipment. All sections have their own significance and together make up
an effective solar power generating system. The figure 1.1 shows the major equipment used in the solar
power system.

132 IIVGridStu~nAC COft\bin.rSalu PVG.,.ru;on
Wo"



1.3.2 Metering Systems
AC and DCmetering is required for effective monitoring and record maintenance for the sale of the
power to the National Grid. The AC side metering should be in accordance to the standards laid out bye the energy purchasing and regulatory body.

1.3.3 Meteorological Sensors
Pyrometer and weather monitoring sensors are required to check the irradiation levels these are
integrated with SCADA system for calculating different performance related indicators especially
runtime monitoring and recording of solar irradiance. The sensors are required to comply with all the
relevant international standards.

1.3.1 SCADASystem
Supervisory Control and Data Acquisition (SCADA)system is important for the effective monitoring of
the Solar power plant. The system has the capacity to monitor all AC, DCcomponent and can generate
relevant reports in the required format plus it has the capability of removing faults by remote control
mechanism. The SCADA system is designed and installed as per requirement of the plant. All
components of the systems are readily available from the market however specialized human resource
is required for installation.

1.3 Control, Supervision and Metering Systems
The control, supervision and metering system is required for the smooth and optimum power
generation of the solar power the major components of the control systems are as follows:

1.2.2 132 KVGrid Station
The power generated has to be conditioned in-order to meet the requirements of the National grid that
is 3 phase, 132KVand 50 Hz power standard before evacuating to main grid lines. For compliance with
the power standards a power grid station has to be built this station includes components such as LVto
MV transformers and switchgears, MV to HVSwitch gears and transformers and Switch Boards etc. The
major component of the grid station is MV to HVtransformer that is built on special order in accordance
with the design and could require 5 to 6 months manufacturers' delivery time.

1.2.1 ACCombiner Box
ACCombiner box is a component that combines the ACcurrent form the Inverter. This component can
be avoided if the inverter chosen for the plant design hasan inbuilt ACcombiner functionality.

1.2 ACPower System
Alternate Current or ACpower systems include all the components that use or process alternate
current. Following are the major components of aACpower system:



Solar Panels - PV Modules
i Type of Modules Polycrystalline

In series 20 Modules
ii No. of PVModules

In Parallel 20,000 Strings

[ iii Total No. of PVModules Total Modules 400,000

iv Array Global Power Nominal (STC) 100,000 kWp

v I Total Module Area 650,752 sq. m

vi Panel's Frame Aluminium
vii I Panel Warranty 25 years
viii No. of cells in series 60 (6x10)

ix Junction Box [P67

x M ax Rated Power at STC 250W
xi Open Circuit Voltage I 37.54 V
xii Max Power Voltage 29.98 V
xiii Short Circuit Current I 8.84 A
xiv Module Efficiency 15.29%

3.0 PV Panel Specifications (Preliminary)

Cable Trench Construction Details 2
33kV Distribution Switchgear
llkV Box Transformer Foundation Construction
1MW Integrated In_vert~r.Ho()rnElectrical Guidance
1MW Integrated Inverter Foundation Construction
1MW Integrated Inverter Installation Diagram

Details
Overall Layout Plan for PVPant
Construction Project Plan
132kV Subsation General Layout Plan
132kV Booster Station Wing
132kV Substation Protection
Main Control Room Layout
Station Hardened Grounding
General Description of Cable Trench Construction
Cable Trench Construction Details 1

.. --_. -

Diagram No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

The list of technical diagrams provided for the project are the following:

2.0 Technical Diagrams Provided



Inverters
Input (DC)

i Max. DC Input Power 618 kW

ii Max. DC Input Voltage 1000V

iii DCVoltage Range 450 -1000 V

iv MPP Voltage Range 500 - 820 V

v Max. DCCurrent 1236A
Output (AC)

i Rated ACOutput Power 500 kW
ii Max. ACOutput Power 600 kW
iii Rated ACVoltage Range 270 - 350 V
iv Rated Output Current 916 A
v Max. ACCurrent 11099 A
vi Rated Grid Frequency 48 - 52 Hz

vii THD of Grid Current <3%
viii Power Factor 0.9 lag - 0.9 lead, adjustable

General Data
i Efficiency 98.70%

ii Ambient Temperature Range
iii Protection Degree i IP20
iv Warranty 5 Years

4.0 Inverter Specifications (Preliminary)

•



Cable Trench Construction Details 2
33kV[)istribution Switchgear
llkV Box Transformer Foundation Construction
IMW Integrated Inverter R()0r11~Iectrical Guidance
IMW Integrated Inverter Foundation Construction
IMW Integrated Inv~rter In_stallation Diagram.

Details
Overall Layout Plan for PV Pant
Construction Project Plan
132kV Subsation General Layout Plan
132kV Booster Station Wing
132kV Substation Protection
Main Control Room Layout
Station Hardened Groundin_g
General Description of Cable Trench Construction
Cable Trench Construction Details 1.._. _ ..

Diagram No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

The followings electrical drawings are provided:

Electrical Drawings
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132!c.VBooster Station Wiring
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PVarrays

llghtnlng Pmt

UV protection

uc cae!e

cabinet breaker
DC combiner box
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132kV 2#HHt Output line
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132kV lU:IHt Outputlinc
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IE :!etH t.lthiX:iHHRJtlf/L). ii] #j'tI-IHIHeOMW'pjfi;!£V~tJI_i_~.lOOJ!D
Station hardened square

t i!i~Ji:1tti. »'1i~iltif- 00
1:100

~O-l3-{f'9Jlr-~-%lt1335S--Z0102-02 iflZ1dA

..NV ,_" AIV'

301"11"1 f»<)f,j!Hf,M. 1lI:t? ~ Gravel wearing layer

Ibll'Mi1it!t#<)f.1i~i&~#~!i<1iiIDMmud and crushed Gravel

2501"11"1~rMJ,'>Ji;W:~ Natural gravel

±£t±**' Compacted soil

f»:ti~~iID. it¥:J!itOO

iJl.llil :
1. ~~iti'~Il!i{ftili.~1~~.let){J2 4 ~36 1"1/ilb''&14~.l1lt ){J15~1(31"1.
2.'I~ti){JIII.±ti,~.let~~ti'I~-}I •• lffi,~~II-i.
3. 1M~{t!Il#f+ 7kfr,!tf»<)f.)(ft,!t,tll:~J»(fr,!t.f;t)~..g-rtIU1:15 .
4. flJ;-J! J£O,93)::m,.fuiWMO,95,lU'~£~iID)JtWI;n0~800MM , ~lmV'J
1l;%lt.f/HO,95 ,8001"11"11J.(}te:f:IDfJll*,lt.f/)'-T'O.90 .
5. l~jlHj;1il!hHlj~rJ5H)MMj,Jf-(i.

slope
j = IPlJtkU,ttV ±IUl shoulder

·~,~~-A~.~.·~~·~·7.~~.~.~=.~.~..~.~.~-r-~~AN~r
... ... ... .- ........

:32
Asphalt felt

19i1fIIHiJf(itbi tumen

iIDitIJ~=m: gap fill

L:.,;C.·•.·.·.I
Asphalt gap filling

19iiH-'fJf(t

~-.··~··;,·······--···IL ..... ~.. ~

Asphalt 2 times

iKl9it=it
Asphalt gap filling

19iiHfltit

hardened ground expansion and contracLion joints
(if widLh of road less than 7m,no joints required)

Hardened ground

V/~~~
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expansion oinL

lJIlit ~ -= --
longitudinal joinL

contraction joint
.. .

1801"11"1JJ.C30j~,l),HiID$( ?t:\k~M, ,t~\ff;%, 180mm Thick C30 concrete surface

fttnHl<-f, ~*iltiID*.f*f6M , itt20MM, (prefabrication method,
ffi1f~'f~ffit~Ht.tt**-*it) vibra tion, compaction, levellinrg_) -r-r- --r- --r --, ,..-- _

3001"11"1J!¥-i&ft~~:ti~ll300mm Thick gravel compacted

~ttttll$~, !$<~,MDO,93 Road base compacted
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vehlcle load.

w~~H:tr tJJtitt 'H1H~~ .I~l11m lilt
UD

It ~ ~ it General Description of

• ~ ~ III tuu~,~~
It ~ __lLlOO_ Cable trench construction

l ~ B ~ 2013~10~ III t IX1306- T0105-01 1.l*1 A
4 5 6

4. Trench cover plate can be prefab. 1\ftertrench cover plate is detail
prefabricated, positive & negative side should be marked. Special shaped
cover plate at corner & cross will be cast in place after construction ofr-----~------------~--------------~----~trench. Steel rebar used will be same as for standard cover plate. Spac
between cover plates will be pointing with cement mortar 1:2. Aisle &

pavement will have cover plate with handle every 5 plates. Angle steel
L100xB will be buried at corner of trench to support cover plate.
B. Underground trench crossing station square/roads each side of road
should be within 1m. Trench crossing section (thickness increase 50mm).

Cable trench
expansion joint

Cable trench angle

=:'; bituminous
hemp fiber fill

~UUin

5.n~,tMu~u'(M02J331~B8-4,Ofj1Ji. vehicle load select 02J331, BS-4
details on page 31

6.r~~t~~ItIMfMUUtUJ!l()2J331 ~B8-9 itMfjh. trench cover on road cross.,.;;n,,",.o==;o=~~-~
, wlth car load select 02J331, 500~

7.r~iIlVMU.J!l()2J331~L8-J.8ifmR53~. bB-9, details on page 31 ~5' g '/~~=
, 7. Trencn cover beam to use 02J331~~ ~n

8.~UJ6tU~~U#JJtHJt,U~IIim.-UI!l~, LS-3.B, details on page 53

It~UUili(UIP;I50 mm )RU,,*~.~~~M~~~
Ufofiif~l

-0-
Asphalt felt 2 lay rs5.trench cover plate without

~-MHltHJUn!lMn
L100X8 ~i!i,ffl~;tltn

u~nHU,~un~t~,~#~j[U; u. 'XX
~*~~~i~~~~Htll~£t~liJ~~,~£~*~
{fUJi; UMIU1:UMUt l±~UA~lt*'UlA

~~uu~n

1,*mJHHU1Iiflll.
2.n ~UU\i#~-UillliJJt~~#~150mm,~u

U jjUHJiJW~IIt~.
H~iHH 0.3% ~!l\U 2%~UJ~~Hjf,WhllUl~.
~~MR~U 15 ~1:2 iMt,1Ii~~~ 200, UU~HU
1:3 ijG~H!t

1. Detailed diagram of outside cable trench construction
2. Top of Station cable trench cover should 150mm higher
than elevation, longitudinal slope of trench cover top
should be in harmony with slope of station.
3. Trench longitudinal slope should be not less than 0.3%,
2% cross slope, to guarantee smooth drainage. Trench t~~II&~~ reinforced support.
bottom & inside wall should be brushed with 15 thick ========-F7.i7... Trench shouLd be built professionally
1:2 cement mortar, Height of internal side is 200, after 13. Refer YT-2004 for all selected components of trench
applying trench cover pointing with 1:3 cement mortar 11. Trench inspection pit should be square, each side 1200mm

15. 1\11metal components should be epoxy painted.

9.U~~UUU~HU~U 45' w~,nl!l.
10.~~n20m~if+n, .l!::t20mm,~UUii,,tTm.
11.~U~~I!J~H~7tU~,I!JUtRHO~~~~1ru

~wOOjJ,WH~i~n. UU~Uij, ~~~IIi~n
Hf~ll~llUNHi~,;r1Hllt_tl\'~I!l.

12.~Jt,#~Ul!jt, uuut~~~1LHUw£t.
13.*mIf~hf~ffl~niWLYT- 2004J!(nut>.
14.~~tWf~H~,JH:. U~z~tU~~~Jxt, HH1200mm.
15.»i1iHjjJjtJl4t!rlh!t,~~~Jt.

9.Trench cover right angle & its corner should avoid cable bencirg
which should be at 45 deg corner cut. Specs in drawing below
10. In each 20m of trench, expansion gap should be 20mm with
asphalt mat filling
11.Backfill in both sides of trench should be compacted with
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t {t 1 1-_-"" Ill-l-__ -I

It ii _L /\00 Cable trench construction dtls
~ ~ B AA 201Jfl0A III t 1X1306- T0105-02 lm.l:I:.lA

D

U~OOxSOO
U~ Water collection pit

c c

BB

1OOOxlOOO#~iIltUIll _
1.U1.tUmmo2J331 L10--2,Mflif
W2J331~t7~..UJtili·.

2.u'jH:U·U.\fI.

800x800#~uum sectional dwg for brick 800xl000#~iIltUm sectional dwg for brick
--- - - trench

lUiIlLUi±Um02J331 LS-3,U'ltif trench 1.U1.tUi±UIIKl2J331 LS-3,Ufiif
.w2J33U4n"UM". ,W2J331t4H"tUiIl·.

2.UiliUUU. 2.$.!tiIIUitMIll.

02J331 88-4 1:2.SiiUH. 02J331 88-4 1:2.SiMt OIJ331 810--21:2.Siiu't
~~o / r~-- 0 QJ_5Q_ /C30 100

~.~~ C30 100 C30 100 100 2~~lL11 1"1 1'"" 'E ..:s:z- --rf 11 A

U 1 ~ u ~ ~ ul~ ~-1@400~l
~R. ~r ~I ~ ~ or·l" c> 0'; 0 tico,~::: . t7 t7 0

~1)i-1@400~ -~
...,

~~100
~)

~
1nl

~ C30 :

a c>

~ l)inif1iU ~
c»

° k/ j~~.~~~I~ 0

C30 ;-

co0 S' SO'double bur <XJ

[7 _2Z_ V; [7 ~V' _2Z_ __2Z/ ~ sz=U®- ~'sz=-L2_QQ_5', sz=LQllil_ - l-N __ G __ '" --'N 'U ,,,
.ill!L 800 -24A illG aOQ till. )...1L-.lQQO i240~.

1:2.5 cement mortar 1:2.5 cement mortar
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W~#~tlt~~~*~t*~~ I-lil 11m ~itun
It :t ~ it, ~ ~ I!l U:~il~1!l2

It ~ 1 /100 Cable trench construction 2

tt It B 111 2013!fl0A I!l t 1X1306- T0105-03 1*>,:\:1A
4 5 6

Normally buried

trench access

-

c

width of road

t----~L .. a outside ground ~jillM!}Omm
t1JE~j-l§= I I J_ihli roa elevattonl() tllJtW elev tion r J{ff.

- -b1_ :c <0 --1.J--__,__"'- ~~ fA--.----r- -pr::-1
~~1~~~=~=1~=~1!l~r=~~-.~ I

~ sectional dwg of road crossing ~
11 t50t cable trench

~~1-r6_h_ LJ ~6@150

J__ 15Q______j

refer to general diagram

1.M.llUJtUIl102J331L8-8,Uti
W2J331 :M7~"tU~".

2.U.~*"J.MI!l.

-=
->-Z_~Cl_____jJQO_ _;;c5D ..

C30
o -
<>n

:;; -L5)_O_
~ ~ ~ ~

..259 10illl_____J~

1000xl000rtUtUm road crossing tre ~:1 section

I.UllUiiUIl102J331 Ll0-10}ltl#.iI;cable "ench angle
m2J33a4H"U.t~". and beur use

I.U~UU~.I!l. L10-10
Cable trench length details

1: 2.5;+:'i!.~1 02J331 B8-9
~ 105 r-~-~-~ "';j / If -O.:J.OQ

1>" ~ ~

~E== M-l@350 .::'1'--- ~t~tl@150
C30;;:; ft-nifIin B

:: _ _.a 0

C30 ~ _21l

A

2
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hang ring, each piece uses 2

1.M.ll UJtUIl102J331L8-8,MfU
W2J331:M7~"UU".

2.U~*IN.UOO.

800~800iiUUim

1:2.5 cement mortar
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crcs e waf!.~­
cover: pipe

Plant Project

300 Micrometer
and 4. Ventilation shaft is conncc tec through undergr nd

cable trench s, under inverter foundation. Outside
cables t r-ench cover should he copper or concrete La t;
Top of venuLle t ion shaft should have 5\ dra:i:n 510 e
5 Before construction, this diagram sboul d be
compared with diagr.am of manufacturer to confirm

xi' an TBF.lI.. Electric Design Pakistan lOOMW On Grid PV Power
Co.Ltd.

t____l~-tDepth of epoxy asphalt
poLyuret.hane asphalt>

U.~1 OQ~t1.n~iliUUruOO ~m

::~:r stO~IT_r<- ~. =tt
h-100 u [
full welding
a round

C-C~U

B Notes:

1. Apply waterproof mortar to rris Ioe Zout s Lde walls 1:2.5, 30 lhick
(3\ mix siliconel

2. C30 concr e ce , concrete protection layer 40mmbeam, foundation
SOmmsteel 'rcbe r level JlPB300, IIRR400

3. Parallel error of foundation top to be less t.han Smm, hole
access GL cross section 2<10X300,'; dia 12

il~:
1· hi1fif{fil!fJ!JIlIl*;Jt!}J(1 ' 2. 5lVf, 30" I ~3%-iiM.J
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Note:
1. The foundation and inverter room walking aisle should be according
to the actual design.
2. Inverter room cabinet cables using under connection.

Pakistan 1OOMwpSolar PV Grid iHt
I__~_.----r-~~_.----t_co-n-n-e-ct-ed-p-ow-e-r~-ta-t-io-n~p_ro_je_c_t~ ~_~_t

It ~ _1__j:__t----- 1MW Integrated Inverter Room Electrical
r-t;:-'.:Ik.~~-:::T-----'---1---'".'---"#:-+------1 ~ m Installation Guidance

:!.:Ik.~ It ~
-t3l ~4 a ~ t: ~ 8 ~

tt,
1. ftIl~.ht~~01jUtllm.~r;;;tIIt~ tlHh
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I
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I InputI
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B
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'-::000000000000/

Power station supply input, 3P4L

The copper lines are for three phase AC output
connection line,
from the lett to right respectively phase A, S, C,
each copper line reserves 3 connection paints,
bolt specification is M16'30
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Notes:
- Outside room is supported by three concrete columns size600x3200mm
- Height of the concrete columns should be uniform, should be 450mm above foundation, depth of
concrete foundation under horizontal is determined by geotechnical survey report by civil designer
-Weight of whole moveable room (including inverter cabinets) is about 9 ;t:o;:.n::,s--,--r- -r-r-'__ t-=-_:::_-j-----~~_=_+---____I
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1.Detailed wiring design of inverter room should be done by electrical designer
according to actual conditions
2. Connection of cables/wires in inverter room cabinet to be from bottom
3. Cable connection bolt type to comply with the inverter type in inverter room

Note:

Pakistan 100MW On Grid PV
Power Plant Project

Inverter Room Grounding Point (4 at
two sides)

Bolt Type M8 x 20

mm~:ttk~ (iJJi1l!l~4-t-)
.~~~M8x20

ttl
1.M~!UU'UI~Iij;.N.EbIt!."'tliit M,1UfWftlllith
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PV Input
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The aforesaid notwithstanding, NTDC has carried out further studies to detern1j{i~·the-··'
effect of solar power on NTDC system with reference of following parameters> ,-/i:': .'1 :,.J

..t'o:,} 1. Short Circuit (~<2(' .. ,_'.
,~ '-'\ \.-. \n0':~.•..>·L"< \L!.';:';j,.: Transient Stability \ ,C(~\V'. ':1'~'~/.-~)Power Quality \\'Z~~ik:

.•.:....li i ./' A copy of the study is enclosed for reference. A review of the study will indicate tfi)tr~
, . . rip(only most of the parameters are meeting lEC standards; most of them are even better than
... , ...: .. ·--:>fi1elimits set by the IEe. The evacuation scheme fully meets the technical requirements set out

in the draft Addendum No.2 to the Grid Code.

It appears that approval of the Authority has been held-up in view of controversy
regarding how much of solar power can the NTDC system accommodate. The controversy was
advocated despite the fact that the results of aforementioned load flow study met all the required
standards of system operation. Furthermore, the prevailing conditions of power shortage
together with ever increasing cost of furnace oil and diesel were also ignored by the proporients.
NTDChad been advocating that under these conditions the questions being raised are frivolous
and the issue is not how much solar power can be accommodated in the system but the real
issue is how soon such plants can be commissioned. Besides, the first question asked by the
potential investors is always whether Grid Code amendment for solar power has been approved
by the regulator or not. A negative reply discourages such investors because their lenders do not
accept lending proposals in the absence of an approved technical framework.

/U S)~
ll1is re ers t ~ (CPPA) letter No.COO/GM/CPPA/CE-IIIMT-IV/GCRPrr0060-64

dated 17-12-2013 vi e which [mal draft of Addendum No.2 to NTDC Grid Code relating to
Solar PV Power Projects was submitted to NEPRA for approval after due deliberations by the
stakeholders. The approval is still awaited. Meanwhile, Government of Punjab has made
considerable progress in installation of 100 MW of Solar PV Project at Quaid-e-Azam Solar
Park at Lal Suhanara. The Punjab Department of Energy is also geared-up for development of
projects of remaining 900 MW at the said Parle. The evacuation scheme of the Park was
finalized long time ago and load flow study was also submitted to all relevant agencies. PC-l of
the project has also been recommended by CDWP for approval of ECNEC. Under these
conditions the only issue left is approval of amendment of the Grid Code by NEPRA.

, ~'

/ill \ .A~
/V .~'Y(,{(;

[1{9) )
DDENDUM NO.2 FOR SOLAR PV POWER PROJECTS ' ISUB:

Syed Safeer Hussain, . ~Q
Registrar, if W
NEPRA, i
Islamabad. .

No.MDINTDC/e:. P?AI '-I,~D .5:-/2.--

./r._-----
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Master File

r. Secretary, Ministry of Water & Power, Islamabad.
,.2. Additional Chief Secretary Energy, Government of Punjab, Lahore.
3. Joint Secretary NTDC, MoW &P Islamabad.
4. CEO Punjab Power Development Board, Lahore
5. CEO Quaid-e-Azam, Solar Power Park Co. Govt. of Punjab, Lahore
6. Genera] Manager CCPPA) NTDCL Lahore
7. General Manager (Power Planning) NTDCL Lahore

Copy to:

In view the aforesaid, the Authority is very earn
No.2 to the Grid Code as early as possible.

Finally, it is also brought to the notice of the Authority that solar power projects are
being utilized by utilities around the globe successfully. Utilization of solar power in Pakistan is
even rnare beneficial 'because it can meet power shortage' during shortage period in short to
medium term and conservation of furnace oil during day time in the long term so as to utilize oilfired plants only during peak hours.

In view of the above,. it is now proved that so long as 1000 MW Quaid-e-Azam Solar
Park at La1 Suhanara is concerned, there is no issue of evacuation of power and that it will be
absorbed in the NTDC system successfully without any problem. The capacity of the Park
amounts to about 5% ·of total installed capacity. Therefore absorption of 5% has already been
proved. This, however, need not be considered as upper limit. Considering potential of solar
power to conserve fuel oils during better part of the day, a 10% ceiling for interim period mightbe an adequate choice.

.; -
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18. Location and Infrastructure



The site has a desert landscape, with ground elevations ranging from 119m to
130m. The Site coordinates are longitude 71.80 and latitude 29.33°. Total land
area for the project is 40.5 square kilometers.

• Availability of land and supporting infrastructure
• Access to roads and railways
• Availability of semi-skilled labour

Bahawalpur District is located in southern Punjab, with a population of over
900,000, covering a total area of 24,830 km''. About two-thirds territory of the
district is covered by Cholistan desert. It is connected via road with Faisalabad,
Lahore and Karachi, and by railway network to the entire Pakistan. The
location of the project has the following inherent advantages:

The site of the project is located within the premises of Quaid-e-Azam Solar
Park, Lal Sohanra, which is approximately 18 kilometres from Bahawalpur City
in the Province of Punjab. The land is allocated/leased from the Government
of Punjab (GoPb) on an annual rental basis.

a) Project Location

,



b) Site Map







The plant site is located in a desert which renders the site to have ground water
to be used. Water can be obtained from tube wells along the canals passing 8
km north of the site. The proposed tube wells are almost 8 km away from solar
park site. The water pipes to bring water to the site are being constructed by
PIEDMC and will be completed soon.

Water will be required for dust prevention during the construction phase and
eventually for cleaning of modules in the operation phase.

Water Works:

132 kV power transmission line is already passing through the site. The load
flow study by NTDC (Annexure 25) confirms that the power generated from
the plant can easily be evacuated through this line without any reinforcement.
The distance of the line from the site is less than 0.5 km.

Power Evacuation Line:

Road access to the site has been completed by connecting the Bahawalpur
Hasil pur road to the park. The length of this road is 9 km which also includes
two bridges on canals. The carpeted road is capable for transportation of
complete plant equipment to and from the site and for future transportation.

Roads:

c) Infrastructure



19. Technical Characteristics of Plant
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, Plant Size !
- '

Annual units Generation-..r ~ 1

..Solar P.V (polycrystalline)
100MWpDC

160,313,000 kWh

•

Given below is the detail of technology, size and number of units generated
from the project.

a) Technology, Size, Number of Units



',' Sup 'ly Volta' e , ,',

SOOm
Bahawalpur
132kV!llkV

•

Given below is the detail of interconnection with grid, distance from the grid
and voltage level:

b) Interconnection with Grid, Distance, Voltage Level



0.315 kV /llkV / 35kV/ 132 kV
50Hz
0.95
Auto
Instant

Given below are the plant characteristics relating to generation voltage,
frequency, power factor and related information's are given in the table below:

c) Technical Characteristics of the Generation Unit



Measuring instruments for typical parameters like energy, current, voltage and
power factor etc. shall be installed at suitable locations in the plant. SCADA
system shall be installed for continuous monitoring and status of the said
important parameters and every critical equipment of the plant.

Metering equipment shall be installed at the point of common coupling
between the HV transformer and busbar. Metering equipment shall be used as
per requirement of relevant NTDC specification.

Control equipment from renowned manufacturers shall be used for medium
voltage and high voltage levels in the plant as per the requirement of NTDC.
Main control shall be provided for MY lines, LV/MV transformers, Mv /HV
trans formers, 132kV bus-bars and 132 kV transmission lines etc.

d) Control, Metering, Instrumentation



100MWpDC
160,313,000 kWh

, ..

The annual power generation value given below is based on the EPC
contractor Annual power generation from the project will be 160,313,000 kWh
which is expected to drop at the rate of 0.5% every year.

e) Project Power Generation



2014
China

Early 2015
25 Years

Information related to year, Make of the plant, Operation Date and Life of the
Project is given in the table below.

f) Year, Make / Model, Commercial Operation Date and
Proj ect life.



,--Dis~nc'e frOII(Gq.a·'
llKV/132 KV

500m
Bahawalpur••

Information related to supply voltage and its supply to the grid is mentioned in
the table below:

g) Supply Voltage
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Quaid-e-Azam Solar Power (Private) Limited

Prospectus
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• Development of power generation by exploiting hydel, thermal and
renewable energy resources

• Development of a power policy for Punjab which involves Legislation,
policy formulation and sector planning

• Acquisition, revocation of amendment of Licenses of Electric Supply
undertaking and approval of loads

The table below provides the key functions and the organogram of Energy Department
of GoPb.

Energy Department is responsible for developing / facilitating energy projects in the
province and is actively playing its part in the initiation of new power projects and
encouraging IPPsto develop renewable sources of energy.

After the ra" amendment in the Constitution of Pakistan, provinces are now vested
with full authority to develop power projects of any capacity through public or private

sector and establish required regulatory framework. In view of existing energy crisis and
opportunity provided by the new enabling framework, the Government of the Punjab

decided to play a pro-active role in the energy sector. Energy Department has
accordingly been mandated to vigorously pursue power generation, particularly
focusing on renewable technologies in addition to the fossil fuel based generation.

Quaid - e -Azam Solar Power Private Limited (QASPPL) has been established by the
Government of the Punjab (GoPb) to undertake the first solar power project of
100MWp DC, under Independent Power Producer (IPP) framework, in Quaid - e - Azam
solar Park with an objective to initiate and lead development of solar power projects in
Pakistan. The total cost of the project is estimated at USD 150 Million and is proposed to
be financed through a combination of debt and equity in ratio of 75:25 respectively.
GoPb is executing this project through Energy Department of GoPb who is the sponsor
of the project and shall ensure the provision of equity to meet the financing
requirement of the project.

1. Sponsor's Profile
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Energy Department

• Input in development and execution of Regulation monitoring and
granting Contractor Licenses and Supervisors Competency Certificate
and other matters connected with LicensingBoards

• Involvement in matters connected with village electrification including
formulation and devising criterion for selection of villages, matters
connected with Tube-well electrification, matters relating to the Punjab
Power Development Board (PPDB) and Punjab Power Development
Company Limited (PPDCL)

• Monitoring of electricity tariff in Punjab
• Conservation of energy
• Off-grid distributed power generation
• Management and resolution with Federal Government on electricity

charges

--------------------------------------_.- ... --



The project time for construction to commercial generation of electricity, has been estimated to
be 12 months, provided there are no unforeseen delays during project implementation.

The plant will evacuate AC (Alternating Current) power to the national grid through 132kv
transmission lines located at the site. The power generated by the project is proposed to be sold
to National Transmission and Dispatch Company (NTDC) through Central Power Purchasing
Authority (CPPA).

Provision of the finances required for project implementation will be met through a mix of debt
and equity with the ratio of 75:25. Estimated 25% of project cost will be injected as common
equity by GoPb's EnergyDepartment while the remaining 75%of project cost is proposed to be
financed with a Term Finance Facility or Line of Credit secured for a period of 12 years, at a
financing rate of 6 Month KIBOR+ 3%. Project life of the solar plant is assumed for a period of
25 yearswith annual power generation of approximately 160,313,000 kWh.

The project envisagessetting up a 100 MWp DCSolar PVPower Project under "IPP" structure for
which a separate company with the name of Quaid-e-Azam Solar Power (Private) Limited has
been set up under the umbrella of the Energy Department of Government of the Punjab
{GoPb).TheProject aims to develop a 100MWp DC(Direct Current) Solar PV(Photovoltaic), fixed
tilted generation plant. Consultants and advisors have been hired for the smooth progress of
this project by international competitive bidding (ICB) under the regulations of PPRA.The
project is envisioned to be completed through an EPCcontract for which the EPCcontractor is
being hired through ICB.The EPCContractor will also be providing the O&M services for the
whole life of the plant.

Quaid-e-Azam Solar Park, located in Cholistan Bahawalpur, is an initiative of
Government of the Punjab (GoPb), Pakistan to reduce reliance on fossil fuels in
generation of electricity and to overcome the ever expanding gap between energy
production and demand. It ultimately aims at generating lOOO-MW of electricity from
the solar energy through Quaid-e-Azam Solar Power (Pvt) Limited.

2. Project Description



EngineeringConsulting ServicesPunjab (ECSP)

ILFConsulting Engineer

100%

75%

25%Equity

Debt

Total

The Bankof Punjab (BoP)

KIBOR+ 3%for a period of 12 years including grace period of 1.5 years.

Grant Thornton Consulting (Private) Limited (GTCL)

HaidermotaBNR& Co (HMC)

USDM% Age
37.50

112.50

150.00

.-
3,750.00

11,250.00

15,000.00

Description

100 MWp DCSolar PVPlant

Quaid-e-AzamSolar Park, Bahawalpur

500 Acres

Government of Punjab

Quaid-e-AzamSolar Power (Private) Limited

100 MWp DC

160,313,000 kWh per annum

12 Months

PKR15 Billion or USD150 Million

, Owner's Engineers
Technical Advisors
LegalAdvisors

FinancialAdvisors

FinancingTerms

FinancingBanks

Project Cost

Construction Period

Power Generation

Capacity

Project Company

Sponsors

Project Area

Site Location

Project

3. Salient Features of the Project



Burning of fossil fuels of energy remains the world's No.1 source of carbon emissions which in
turn is causing drastic temperature and climatic changes and destroying ecological systems.
Solar Power is sometimes described as a zero emissions or emissions- free form of energy, thus
with the generation of electricity using solar power, Quaid-e-Azam Solar Power (pvt.) Limited
aims for Pakistan to take the first major step towards green revolution. This makes the plant
eligible for CleanDevelopment Mechanism (COM).

The project is located at Lal Sohanra Park, Bahawalpur. There are no significant industrial
activities in the area at present. However, there are few agricultural lands in the surroundings.
Most of the inhabitants are dependent on the livestock for their sustenance. Seasonal wind
storms cause slight erosion of soil/sand. As per latest survey few wild plants and rodents have
been reported in the area. Overall ecosystem of the area is described as fragile. The acoustic
environment is good with low noise from some local traffic on dirt roads.

Initial Environment Examination (lEE) of the project has been undertaken by Engineering
Consulting ServicesPunjab (ECSP)that shows no negative impact on environment as a result of
this project. Further Environment Protection Department of Government of Punjab, through its
letter dated 13th January 2014 granted environmental approval of the project.

4. Environmental and Social
Considerations

.._-_._---_._---------------------------------------------
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22. ESSA- Environmental and Social Soundness
Assessment
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Methodology

The present solar power project is the first ever at national scale which is undergoing

the environmental assessment; however, IEE methodology has to follow the

Policy, Legal and Administrative Framework

Under Clause 12 of PEPA, 1997, it is mandatory for the Proponent of any project to

arrange Initial Environmental Examination (lEE) or Environmental Impact

Assessment (EIA) before the start of the project. At present (Pak-EPA) has no

regulation for solar power generation in their Schedule I or Schedule" (PEPA

Regulations, 2000), so it was decided to follow thermal power generation

regulations for solar power generation being the closest energy generation

reference. According to that regulation, this project needs an EIA for 100 MWp solar

power generation unit. In view of the fact that the environmental impacts of solar

power plant are lower as compared to thermal, the Energy Department decided that

initially the consultants should conduct Initial Environmental Examination (lEE).

As per Pakistan Environmental Protection Act (PEPA) the proposed project falls

under the environmental category 'C' which means that the project will pose

insignificant adverse impacts on the environment which can easily be mitigated by

good engineering practices, with very low cost.

MIS Engineering Consultancy Services Punjab (Pvt) Limited (ECSP) has entrusted

the responsibility of carrying out Initial Environmental Examination (lEE) for the

project. This lEE report is prepared to initially assess the potential adverse

environmental impacts likely to occur from the project's various stages, i.e., pre­

construction, construction and operation.

Introduction & Background

Energy crisis of the country have compelled the economic advisors to look for non­

conventional sources of energy generation for quick solution of power shortages.

Solar power generation is the next option which stands as renewable, environment

friendly and clean energy. The Energy Department, Government of the Punjab has

embarked upon 100 MWp Solar Photovoltaic Project to be located in the world's

seventh largest desert, i.e., Cholistan, which is about 11 km from Bahawalpur city.

EXECUTIVE SUMMARY

aEngineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department
Government of the Punjab
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Baseline Environmental and Social Conditions

According to environmental profile of the project area, the desert is under arid and

harsh summer conditions with practically no population. The soil is rated as poor as

it contains negligible amounts of organic matter. There is no proper air quality

monitoring station present near the project area, hence no information about air and

water quality, and noise level is available. Personal judgment explains that air and

surface water are polluted due to shifting of sand dunes and generally the area falls

Grid station, switchyard, TLProject components

Fixed installation type X-Si solar cellsType of equipment to be used

Parallel to existing 132 KV TLTraffic planning

1 kmNearest TL interconnection

Around 24 monthsProject completion time

170meterWidth of utility corridor

Photovoltaic (PV)Type of technology

505 acresTotal land for proposed project area

101acresInstallation of other facilities

404 acresSolar power generation area

DesertType of area

100 MWpMagnitude of the project

Description of Project

Following are the salient features of proposed solar energy project:

• Public consultation and disclosure.

• Development of Environmental Management and Monitoring Plan; and

• Impact assessment, mitigation and enhancement measures;

• Collection of baseline information on physical, biological and socio­

economic conditions prevailing in the project area;

• Review of secondary information;

conventional approach to meet the minimum requirement of Punjab-EPA for social

and environmental sustainability standards and policies,

The lEE process, however, has undergone the following steps mandatory for any

environmental assessment:

Engineering Consultancy
Services Punjab (Pvt.)

...... LLimited

Energy Department
Government of the Punjab
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• During pre-construction phase there can be environmental problems

regarding cutting of 111 trees and large number of shrubs. During

construction phase there can be impacts of noise from construction

machinery, nuisance and disturbance to community, impact on air quality and

water guality from emissions and accidental spillage. There may also be

Besides positive impacts there are some under mentioned adverse but temporary

impacts that may arise during various phases, however, these could be easily

mitigated:

• It will become an eye catch for tourism and educational institutions.

• Insignificant generation of atmospheric pollutants during operations.

• It will reduce greenhouse gases emissions comparing it with coal fired/ diesel

hence project may qualify for Clean Development Mechanism (CDM).

• It is a source of renewable, environmental friendly, clean energy and its 10-20

years sustainability sounds beneficial.

Anticipated Environmental and Social Impacts

The lEE of the proposed site indicates that a main impact arises from the

construction and operational activities at site. It is anticipated that no significant,

long lasting and irreversible environmental and social adverse impact will

emerge due to project interventions.

The permanent positive impacts/benefits of implementation of solar power

generation unit in Cholistan are more prominent than temporary adverse impacts,

which include;

under silence zone. Drinking water source is hand pump which is away from the

project boundary because ground water of Project Area is brackish.

The Project Area is reported to have rich wildlife, i.e., fauna and flora but these

resources are under depletion due to harsh weather conditions. The threatened

species present here are Nilgai antelope, Black buck, and Chinkara gazelle. By and

large, the project area comes under the influence of Lal Sohanra National Park

which is protected and important game reserve.

The socio-economic survey shows that no permanent settlement is present in the

Project Area except a temporary Ranger's camp with 4-6 employees.

mEngineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department
Government of the Punjab
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It is anticipated that no significant, long lasting and irreversible environmental and

social adverse impacts will emerge due to project interventions. Despite the

Conclusions and Recommendations

The overall findings of this lEE show that the proposed work has been undergone

through exhaustive environmental screening process, which involved site visits,
consultations with project stakeholders, review of documents, etc. It is believed that

the process was sufficient to identify and examine all possible interactions between

the project and the environmental and social conditions at the site. Several factors
preclude any significant adverse environmental and social impact associated with

the project.

Public Consultation and Information Disclosure

The involvement of stakeholders for consultation and information gathering has been

taken into account to fulfill the legal requirements of lEE and EIA Review

Regulations, 2000. Since there is no community or affected person present within

the Project Area, so only views of the Government officials are given in the report.

Environmental Management and Monitoring Plan (EMMP)

The EMMP as described in the report summarizes project impacts and describes

proposed mitigation measures and also identifies the authorities responsible for

implementing those mitigation measures.

Mitigation of Adverse Environmental Impacts

The adverse environmental impacts during construction and operational phases will

be minimized by strictly complying with the measures suggested in EMP. There will

be proper solid waste disposal system at the site, and appropriate sewage system

will be provided to the labor and engineers at site. Mitigation measures will be taken

to reduce noise and nuisance as well as health and safety issues of the labor.

• In the operational phase, there will be few adverse impacts which can easily

be mitigated, for instance, light pollution, high atmospheric temperature, and

chance of electric shocks.

some impacts due to solid waste produced by construction activities, labor

staying at site during operational phase as well as solar panel hazardous

solid waste.

Engineering Consultancy
Services Punjab (Pvt.)

...... LLimited

Energy Department
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It is further recommended that the Proponent should also go for Environmental

Impact Assessment (EIA) for the whole Master Plan i.e. 1000 MWp Solar Power

generation Project.

environmental friendly nature of the project it is recommended that the proponent

should obtain an environmental approval (no objection certificate) from the Punjab­

EPA before proceeding further into the construction activities as per regulatory

requirements.

Engineering Consultancy
Services Punjab (Pvt.)
Limited...........

Energy Department
Government of the Punjab
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The satellite imagery of location of Cholistan Desert and blow-up of the Project Area

are shown in the Figure 1.1.

Direction North East

A 773520.271 3245735.347

B 774980.758 3247182.020

C 774980.758 3246199.678

0 774726.969 3245735.531

E 773520.271 3245735.581

Table 1.1: Coordinates Showing Project Location

1.2 Project Location
The proposed project site is situated in Cholistan Desert approximately 11 km from

south of Bahawalpur city in South Punjab, Pakistan and is pentagonal in shape with

following coordinates:

Engineering Consultancy Services Punjab (Pvt.) Limited (ECSP) has been engaged

to carry out Initial Environmental Examination (lEE) process as a part of above

mentioned services to fulfill the environmental regulatory requirements.

1. INTRODUCTION
1.1 Background
Energy crises in the country have compelled the economic advisors to knock at

every door from where electricity can be produced. Conversion of solar power into

electricity through photovoltaic (PV) technology is new energy generation option

which is renewable and environment friendly resource. Punjab Government Energy

Department has taken a lead and decided to establish a 100 MWp solar photovoltaic

(PV) project in Cholistan desert, some 11 km south of Bahawalpur City in an area of

about 500 acres with associated infrastructure.

Engineering Consultancy
Services Punjab (Pvt.)

iiIIiIII .. L Limited

Energy Department
Government of the Punjab
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Figure 1.1: Project Location through Satellite Imagery and Project Site Plan

aEngineering Consultancy
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1 Environmental Impact Assessment and water use license for the proposed solar park integrated
project. (2011). Available at; www.eskom.co.za
Hemant Kumar et al. (2012). Rajistan Solar Park_ an initiative towards empowering nation, Current

trends in technology and science.

1.5 Environmental Sensitivity of the Project
According to impacts matrix (Table 6.2) of the proposed project with a planned

generating capacity of 100 MWp, it is estimated that the proposed project falls in the

1.4 Limitations of the Study
Since the subject of solar power generation is new in the country, no environmental

guideline or regulation is available with the EPA. Thermal power generation is the

nearest scope to solar power generation which may be referred/used in this report.

This regulation (PEPA Act 2000) states that thermal power generation up to 200 KW

needs to conduct an lEE study before applying for environmental approval to

Punjab-EPA (Annex-A). The environmentally benign nature of Solar Energy have

ever compelled the Client to request the consultants for carrying out an lEE study for

the first phase of 100 MWp photovoltaic power generation unit and the Proponent

may go for detailed EIA study later.

British EPA requires a full EIA process 1 which is also considered mandatory by

those Asian countries where solar parks have been constructed. The parallel

example is Rajasthan Solar Power Park in lndia",

• Identification of impacts on physical (including land, water, and air),

biological/ecological, and socio-economic environment and suggesting

mitigation measures thereof for the proposed project.

• Designing the project which meets the environmental standards.

• Conduction of safety audits of the proposed design to highlight the impact of

the project on the workers of solar power plant safety in term of electric shock

(OSHA guidelines 1970).

1.3 Objectives of Study
Planning objectives of the environmental assessment are to carry out the

identification of environmental impacts, positive or adverse, during construction,

operation and maintenance activities of the proposed solar project. The specific

objectives are given below:

BEngineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department
Government of the Punjab
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• Public consultation and disclosure.

• Development of Environmental Management and Monitoring Plan (EMMP)

• Impact assessment, mitigation and enhancement measures.

The objectives of this report are:

1.6 Purpose of the Report
The purpose and scope of this lEE report is to identify and assess the environmental

impacts and propose mitigation measures for the significant adverse impacts that

are likely to occur due to the implementation of this Project. This project includes the

construction and operation of 100 MWp photovoltaic solar power station and

associated infrastructure. A key feature of the lEE process is to work closely with the

project engineers to ensure that the project design reflects environmental

sensitivities and meets the social needs of the beneficiaries and the people living in

the surroundings as per EMP.

environmental category 'C' which translates into the fact that the proposed project

will pose insignificant adverse impacts on the environment, i.e. minimal or even nil.

In general terms such projects do not need well defined mitigation measures and all

temporary adverse impacts can be minimized with good engineering practices as

given in environment management plan (EMP). Under above referred clauses and

the experience, environmental planning for the proposed unit of 100 MWp solar plant

project envisages a brief environmental statement, i.e. lEE report. Anyhow, EIA

report will be required later.

EngineeringConsultancy
ServicesPunjab(Pvt.)

...... LLimited

EnergyDepartment
Governmentof the Punjab
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2.1 National Policy and Administration Framework
The Pakistan National Conservation Strategy (NCS), approved by the Federal

Cabinet in March 1992, is the principal policy document on environmental issues.

The NCS outlined the country's primary approach towards encouraging sustainable

development, conserving natural resources, and improving efficiency in the use and

management of resources. The NCS has specific programs in core areas in which

policy intervention is considered crucial for the preservation of Pakistan's natural and

physical environment. The core areas that are relevant in the context of the

proposed project are pollution prevention and abatement, conserving biodiversity,

supporting forestry and plantations.

Anyhow, the legislation of Pakistan contains many laws in the form of Acts, and

Ordinances which have direct or indirect relevance and implications in the layout,

design, construction and operation of the Solar Plant Project. While discussing in

this chapter, the prevailing operational manuals and guidelines and financial

institutions are also considered.

Under Clause 12 of the Pakistan Environmental Protection Act 1997 (PEPA, 1997),

in general it is mandatory for the Proponent of any project to arrange Initial

Environmental Examination (lEE) or Environmental Impact Assessment (EIA) before

the start of the project. At present Pakistan Environment Protection Agency (Pak­

EPA) has no regulation for solar power generation in their Schedule I or Schedule II

(PEPA Regulations 2000). Thermal power generation is the closest energy

generation reference which may be quoted for solar energy generation, according to

which this project needs an EIA. It is, however, decided with the consultation of

Punjab-EPA authorities that pilot phase of 100 MWp solar power generation unit will

undergo an lEE, whereas EIA process will be conducted later. In consequences of

the 18th Amendment passed in the National Assembly in 2010, Pak-EPA was

devolved in provincial subjects, hence Punjab-EPA is undergoing a process of

amendments in the PEPA Act, 2000 where solar and wind power generation

subjects will soon be added by the time the regulations are amended, the experts of

the consultants are preparing an EIA document plan which will follow this document

shortly.

2. LEGAL AND ADMINISTRATIVE REQUIREMENTS

BEngineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department
Government of the Punjab
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Under the provisions of the 1997 Act, the Pak-EPA has empowered four provincial

EPAs/ EPD to manage the environmental concerns of their respective provinces

.The provincial EPAs/ EPD can frame environmental regulations tailored to the

requirements of their province, provided these regulations meet or exceed the

• Enforce the provisions of the Act through environmental protection orders and

environmental tribunals headed by magistrates with wide-ranging powers,

including the right to fine violators of the Act.

• Develop environmental emission standards for parameters such as air, water

and noise pollutants.

• Develop guidelines for conducting lEE and procedures for the review and

approval of the same.

• Identify categories of the projects to which the environmental examination/

impact assessment provisions will apply.

• Delegate powers including those of environmental examination/ assessment

to the provincial EPAs/ EPD.

2.1.1 Pakistan Environmental Protection Act, 1997
The Pakistan's Environmental Protection Act, 1997, empowers the Pak-EPA to:

The Government of Pakistan promulgated "Pakistan Environmental Protection Act

(PEPA) in 1997. Two organizations, the Pakistan Environmental Protection Council

(PEPC) and the Pak-EPA (now developed), are primarily responsible for

administering the provisions of the Act at the federal level. The PEPC oversees the

functioning of the Pak-EPA. Its members include representative of the government

industry, non-governmental organization, and the private sector. The Pak-EPA is

required to ensure compliance of the National Environmental Quality Standards

(NEQS) and establish monitoring and evaluation systems. The Pak-EPA was

authorized to delegate powers to its provincial counterparts, the provincial EPAs or

EPD (Environmental Protection Department in Punjab), but the provinces are now

conferred full authority after development. One of the functions delegated by the

Pak-EPA to provincial EPAs/EPD is the review and approval of environmental

assessment reports of projects undertaken in their respective jurisdictions.

Engineering Consultancy
Services Punjab (Pvt.)

...... LLimiled
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2.2.3 Provincial Revenue Departments
Under the National laws, the matters relating to land use and ownership are

provincial subjects, and the Revenue department of the concerned province is

2.2.2 Provincial Departments of Forest and Wildlife
In case the implementation of the proposed project involves the clearing of
vegetation and trees in project area, the project contractor will be responsible for
acquiring "No Objection Certificate" (NOC) from concerned provincial Department.

The application for NOC will need to be endorsed by the Proponent. Where the
construction is to be carried out in close proximity of protected forests and wildlife

areas, the Proponent is required to coordinate with the departments to ensure that
impact on flora and fauna species are minimized. Energy Department is the

Proponent of the project and is responsible for receiving an approval for the
environmental clearance from the Punjab-EPA.

2.2.1 Punjab Environmental Protection Department
The Proponent will responsible for providing the complete documentation required

by the Punjab Environmental Protection Department and remain committed to the
approved project design. No deviation is permitted during the project implementation

without the prior and explicit permission of the Punjab EPA! EPD.

2.2 Interaction with Other Provincial Agencies
It is the responsibility of project Proponent to ensure that project complies with the

laws and regulations controlling the environmental impacts at pre-construction

requisites, construction and operation stages of the project.

• Allowable noise levels from vehicles.

• Maximum allowable concentration of pollutants (32 parameters) in municipal

and liquid industrial effluents discharged to land waters, sewage treatment

facilities, and the sea (three separate sets of numbers).

2.1.2 National Environmental Quality Standards, 2000
The NEQS 2000 specify the following standards:

minimum standards set by the Pakistan EPA. They are also required to review and

approve lEEs! EIAs of all the development projects.
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These ordinances, issued following the devolution process, establish regulations for

land use, the conservation of natural vegetation, air, water, and land pollution, the

disposal of solid waste and wastewater effluents, as well as matters related to public

health and safety.

2.3.2 Local Government Act 2001 and Amended in 2003

2.3 Other Relevant Acts
2.3.1 Punjab Wildlife Protection Act, 1974
The Punjab Wildlife Protection Act, 1974 was passed by the provincial assembly of

Punjab in 1974. This Act is applicable to the whole of the Punjab province for

protection, conservation, preservation and management of Wildlife. This Act also

addresses designated areas of sanctuaries and protection of rare and endangered

species.

The Project Proponent will coordinate with all concerned Government department

and ensure that the project meets the criteria of District Government / Authorities as

related to the establishment of construction camps and plants and the safe disposal

of waste, solid waste and toxic material. Proponent will also ensure periodic

monitoring of the EMP during both construction and operation period through

deployment of an Environment Specialist.

2.2.5 Coordination with District Government

2.2.4 Agriculture Department
it also requires a liaison with the provincial departments of agriculture, horticulture

and forestry in case of issues associated with these departments. The concerns

could be relating to the affected vegetation resources, such as trees and crops. In

case of some public buildings/ infrastructure is involved, Proponent will approach the

building department for relocation/ assessment of compensation.

empowered to carry out the acquisition of private land and built-up property for

public purposes, including on behalf of another Provincial or Federal Agencies. For

those purposes, the lead department must lodge an application with the concerned

provincial government to depute a Land Acquisition Collector (LAC) and revenue

staff, which will be responsible for handling matters relating to land in case of any

issue arise.
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2.3.4 Protection of Trees and Brushwood Act, 1979
This Act prohibits cutting or lopping of trees and brushwood without permission of

the concerned Forest Department and demands a NOC from Forest Department

before cutting of trees.

2.3.3 Land Acquisition Act, 1894
The Land Acquisition Act 1894 is a law for the acquisition of land and which is

implemented to fulfill the needs of Government and companies for land required by

them for their projects, and secondly, to determine and pay compensation to those

private persons or bodies whose land is to be acquired. The experience of the power

of acquisition has been limited to a cash compensation policy purposes. The LAA is

limited to a cash compensation policy for the acquisition of land and built-up

property, and damage to other assets such as, crops, trees and infrastructure. The

LAA does not take into account the rehabilitation and settlement of displaced

population and restoration of their livelihoods. Presently, the requisite land for the

proposed project is already owned by the project Proponent, as such no additional

private or government land will need to be acquired for the project.
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The review of design documents prepared in the Consultant's office helped the

environment team to visualize the nature and extent of the project. They included

project location and layout plan (Figure 1.1), satellite imagery, engineering survey

sheets, related maps and the photographs. Similarly, information on location,

general layout, depth of underground earth resources, wind direction, annual rainfall,

natural slope of the land, subsurface hydrogeology, solar resource, existence of any

surface water resources etc. and other appropriate information were used to assess

the impacts of the project on the environment.

3.1 Review of Secondary Data
The secondary data was collected from various offices in terms of published reports

of different government, non-government or private sector organizations revealing all

relevant and desired information about the project area. Government departments

contacted were CDA, Forest, Agriculture, Fisheries & Wildlife, Revenue and the

Rangers situated in Bahawalpur. Other than Bahawalpur district & town

administration, Punjab-EPA, Energy Department, and WWF offices at Lahore were

also contacted for a thorough investigation of Cholistan Desert, in general, and the

project area, in particular.

The lEE methodology follows the conventional methods that meet the minimum

Punjab EPA requirements as well as fulfills the IFC's guidelines on social and

environmental sustainability standards and policies. In the present lEE process, the

environmental and social aspects were fully taken into account while gathering field

information on physical assets, biological resources and social settings of the project

area. Following is given the hierarchy of the methods used in this study:

Since construction of 100 MWp solar power station is a new idea in Pakistan, its

environmental examination was approached in two ways. Firstly, it was handled in a

conventional way in terms of preparing environmental statement (lEE report).

Secondly, contemporary literature was comprehensively reviewed regarding

technical details of the PV technology and the related information. Based on these

approaches, this lEE report is prepared which explains the understanding of

objectives, approach to the services, methodology for carrying out the activities &

obtaining the expected output, and the extent and detail of such output.

3. APPROACH AND METHODOLOGY
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5. Engr. Salman Majeed, Junior Engineer, recorded ground truths through

structured questionnaire and also helped out other team members in record

keeping.

4. Mr. Usman Haider Mohammadi, Environmentalist, recorded field truths

through environmental checklist, as well as helped other team members in

recording the socio-economic data.

3. Mr. Ghulam Dastgir, Senior Surveyor, recorded coordinates and used his

foreign experience regarding GIS.

2. Engr. Athar Aslam, HSE Expert and Resettlement Specialist, emphasized on

the status of the affected families for their resettlement options, as well as

planned for the future construction activities.

1. Dr. Sultan Mahmood, Chief of Section, Environment, supervised the field

team in Cholistan desert and guided them to use correct methodology of

data collection process, as well as interviewed the district and town

authorities of Bahawalpur including Rangers.

The team of professionals responsible for data collection, field study, analysis and

writing of report was composed by the following professionals along with description

of their brief responsibilities:

3.2 Collection and Analysis of Primary Data
The socio-environmental study team of the consultants visited the project area to

collect the data regarding the baseline conditions of the existing environment. The

site was thoroughly investigated from 12th to 19thNovember, 2013. The primary data

were collected with reference to different project components and assessed in a

systematic fashion. The data regarding climate, hydrology, geology, seismology, and

other physical features of the project area were obtained from the secondary

sources to prepare this lEE report.

Various websites and uploaded reports of similar solar plants, especially

implemented in Asian countries, were other source of information which was

carefully reviewed for the sake of planning, designing and studying of the proposed

project and assessment of foreseeable impacts and thus mitigations thereof. Master

Plan of the proposed project was also duly taken into account as a base approach.
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• Identification of impacts on available common resources of the community

• Adequate public/stakeholders consultation and participation;

• Identification of poor and vulnerable groups, and to develop strategies to

ensure that such groups should get benefit from the project;

Social and Cultural Environment

• Demographic characteristics;

• Endangered species (both flora and fauna), if any.

• Reserved forests and wildlife sanctuaries in and around the project area;

• Fauna;

Ecological Environment

• Flora;

• Water quality standard for washing solar panels.

• Life cycle assessment of photovoltaic cells;

• Climatic conditions and air quality in the project area which included

particulate emissions, NOx, sax, wind speed and direction, precipitation,

relative humidity, ambient temperatures, and annual rainfall etc;

• Disposal of photovoltaic cells;

• Effects of electromagnetic field on human health;

Physical Environment

• A detail description of the topography and geology.

The consultants thus collected environmental and social baseline data by keeping in

view the characterization of the extent and quality. After collecting data from both

primary and secondary sources, an analysis was made to assess the existing

baseline conditions and potential impacts of the project, as well as other necessary

parameters were converted on the following information:

6. Mr. Shehzad Akhtar reviewed this lEE report with his valuable comments

and necessary corrections.
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3.5 Reporting
The team of consultants recorded all collected information in the form of lEE report

as per guidelines of the Punjab-EPA.

3.4 Preparation of EMP and Institutional Requirements
Institutional capacity of the Proponent was reviewed and suggestions were made for

the effective implementation of the mitigation measures and the monitoring

requirements. As the supervision consultants and contractor(s) for this solar plant

are yet to be finalized, therefore, generic guidelines have been provided in the

EMMP for defining their roles and responsibilities.

• Operation & maintanance

• Construction

• Pre-construction

3.3 Screening of Potential Impacts and Mitigation Measures
After a thorough review of the field notes, data collected, extent of the proposed

project activities and the detailed discussions held with the stakeholders and the

design team, the potential impacts of the project were assessed and measures were

proposed to mitigate the adverse environmental impacts and to enhance the positive

impacts. The potential adverse impacts and mitigation measures were assessed

covering the following aspects / phases for the environmental problems related to

the project:

• Impacts on employment and cultural values.

• Impacts of proposed solar power plant on adjacent or nearby property;

• Impacts of noise, dust, exhaust emissions and odour on local System affected

persons and on affected community;

• Socio-economic conditions in the study area;

• Gathering information from the local communities on various environmental

and social parameters of their localities;

due to the project;
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Figure 4.1: PV Technology Schematic Diaqram"

4.2 Technical Details of PV Technology
The Solar Photovoltaic (PV) systems produce energy by converting solar irradiation

into electricity. The PV system consists of PV panels that hold the Solar Cells. Solar

Cells are solid-state semiconductor devices that convert light into direct-current.

Photovoltaic power generation employs solar panels composed of a number of solar

cells containing a photovoltaic material. Materials presently used for photovoltaic

include mono-crystalline, silicon, polycrystalline silicon, amorphous silicon, cadmium

telluride, and copper indium gallium selenidel sulfide. Due to the increased demand
for renewable energy sources, the manufacturing of solar cells and photovoltaic

arrays has advanced considerably in recent years. The schematic diagram is shown

in Figure 4.1.

4.1 Need of the Project
The current resources of Pakistan are insufficient to meet the rapidly increasing

power demand and thus acute power shortfall is vividly posing economic

degradation. Keeping in view the ever increasing electricity requirements of the
country and to utilize the waste land available, the proposed project of renewable

solar energy was considered.

This section deals with the present conditions of the project in terms of salient

features, project justification, analysis of alternatives and construction arrangements.

4. PROJECT DESCRIPTION
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4 Kari Larsen (2009). Recycling solar PV panels (www.renewab/eenergyfocus.com)

4.2.3 Recycling of Solar Panels"
Over the past few decades, production of energy through the use of photovoltaic

(PV) technology has increased. The past ten years have seen the largest growth in

demand for PV modules, with a rate of 35% in 2010 and predicted rates of 20% or

more through 2015.The majority of the PV market consists of silicon-based modules,

Figure 4.2: Drilling and Height of Solar Panels

• PV solar Panels and arrays;
• PV Panel mountings;
• DC-AC current inverters and transformers; and
• Underground cabling/ overhead power lines.

PV panels are typically up to 6m2 in size and the rows will be approximately 1 km in

length, made up of approximately 100 m sections depending on the optimal final

design and layout of the development. The panels will be mounted on metal frames

with a maximum height of approximately 3m above the ground, supported by

concrete foundations or pile foundations. Erecting solar panels by using drilling and

driving machine are shown in Figure4.2.

4.2.1 Components of Solar Power Station
Following are the components of solar power station:

Inverters are used to convert Direct Current (DC) into Alternating Current (AC). The

AC energy can then be used to power anything that uses electricity.
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Government of Pakistan is endeavoring hard to reduce the shortage of power. It is

utilizing all available energy generating resources. It has started many thermal,

4.4.1 No Project Option (N.P.O)
The current power production in Pakistan is about 12-14 thousand MW against a

demand of 16-17 thousand MW per day thus a demand-supply gap is around 3-4

thousand MW for the year 2012-13 resulting in load shedding of almost 6 to 8 hours

a day in urban centers of Pakistan and even more in the rural areas. This gap is

increasing annually and causing a great economic loss to the country apart from the

human suffering due to regular power outages.

4.4 Analysis of Alternatives
Different alternatives were also considered by the design engineers for the proposed

project which include No Project Option (NPO), other power generation options, site

alternatives, and design & technology alternatives. They are described in table 4.1.

Since Cholistan desert land belongs to the government, its acquisition may not be a

problem for the construction of solar power plant. Some of the salient features of

proposed project to be constructed at Cholistan desert are given in Table 4.1.

4.3 Salient Features of the Project
The proposed project is a part of Master Plan and will be spread over an area of

approximately 500 acres in the Cholistan desert. The powerhouse units will be

errected at ground level.

Currently, the end-of-life modules are treated as industrial waste in which the glass

and metal components are recycled, but not the cells. As the quantity of solar-grade

silicon decreases, simply throwing away old cells is an increasingly cost-inefficient

process as well as hazardous. The majority of the discarded wafers are intact, and

recycling methods have been developed by various research groups to refurbish old

solar cells into new cells with similar efficiencies.

most commonly constructed from crystalline silicon wafers. However, PV modules

do not last forever; they have a life expectancy of about 30 years before they must

be decommissioned. Failure of modules is often attributed to defects in the product,

including "glass breakage, defect laminate, electrical defects, wrong designs, or

process losses."
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Out of total installed generation capacity of about 20,215 MW in Pakistan, 6,463 MW

belong to hydro, 6,590 MW thermal, 462 MW to nuclear and 6,414 MW to

Independent Power Producers (IPPs). Around 286 MW was being produced by

Rental Power stations (RPPs) which has turned into a total failure. The growth of

nuclear power stations has not been a very feasible option from the point of view of

providing quick and reliable relief. Unfortunately, hydropower generation issues are

also politicized currently. It is, therefore, apprehended that no big hydropower

generation unit will be completed in Pakistan in many years to come. Thus planners

are forced to opt for other power generation venues, particularly renewable avenues,

amongst them solar power generation appears the best option.

4.4.2 Other Power Generation Options
Two major potential power generation options available in Pakistan are still

untapped, viz. solar and wind.

Grid station, switchyard, TLProject components

Fixed installation type X-Si solar cellsType of equipment to be used

Parallel to existing 132 KV TLTraffic planning

1 kmNearest TL interconnection

Around 24 monthsProject completion time

170 metersWidth of utility corridor

Photovoltaic (PV)Type of technology

505 acresTotal land for proposed project area

101 acresInstallation of other facilities

404 acresSolar power generation area

Magnitude of the project 100 MWp

Type of area

Table 4.1: Salient Features of the Project

coals, nuclear and renewable power generation projects to fill the demand gap

including solar resource. Considering this situation, the NPO, if exercised, will further

deprive Pakistan in terms of continued crisis which can easily be generated from the

cheaper sources. In the light of the above situation, NPO is not acceptable under

prevailing power shortage scenario.
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4.5.2 Work Force
It is expected that the skilled staff will be engaged in the construction and installation

work during the construction stage of the project. The breakdown of the staff

strength during the average and peak construction stages is expected as 100 and

200, respectively.

Contractor will have to construct facilities for labor, machinery and vehicles, etc. It is

envisaged that there is lot of space available for the contractor around the project

area without disturbing any resident, ecology or the infrastructure.

4.5.1 Contractor's Facilities

4.5 Construction Aspects
Standard lEE also discusses various construction aspects so that firm planning may

be done on the basis of mitigation plan proposed in this report. Some of them are

discussed below:

4.4.3 Location Options
There were two options to erect solar plants in the country, either to establish this in

Thar and other in Cholistan desert. Thar Desert has been planned for coal-based

power generation, thus Cholistan desert is the next best option of the time which will

also provide an economic boost to southern Punjab enhancing the value of the

desert area in economic terms.

Solar power generation option remained under hot discussion for bridging the

demand and supply gap because solar is not only a renewable power generation

source and environment friendly but also suitable for Pakistan due to having vast

wastelands like Cholistan, Thar and ThaI. Though no feasibility study on solar power

is available in the country especially on economic and technical aspects but some

successful precedents are present in the neighboring countries.
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Energy Source Pros Cons

Solar Energy Nonpolluting High initial investment
Most abundant energy source available Dependent on sunny weather
Systems last 15-30 years Supplemental energy may be needed in low sunlight areas

Requires large physical space for PV cell panels
Limited availability of polysilicon for panels

Wind Energy No emissions Output is proportional to wind speed
Affordable Not feasible for all geographic locations
Little disruption of ecosystems High initial investment/ongoing maintenance costs
Relatively high output Extensive land use

Hydropower No emissions Environmental impacts by changing the environment in the dam
Reliable area
Capable of generating large amounts of power Hydroelectric dams are expensive to build
Output can be regulated to meet demand Dams may be affected by drought

Potential for floods

Natural Gas Widely available Transportation costs are high
Cleanest-burning fossil fuel Lack of infrastructure makes gas resources unavailable from some
Often used in combination with other fuels to areas
decrease pollution in electricity generation Burns cleanly, but still has emissions
Made safe by adding artificial odor so that people Pipelines impact ecosystems
can easily smell the gas in case of a leak

Petroleum Efficient transportation fuel for the world High C02 emissions
Basis of many products, from prescription drugs Found in limited areas
to plastics Supply may be exhausted before natural gas/coal resources
Economical to produce Possible environmental impact from drilling/transporting
Easy to transport

Biomass Abundant supply Source must be near usage to cut transportation costs
Fewer emissions than fossil fuel sources Emits some pollution as gas/liquid waste
Can be used in diesel engines Increases emissions of nitrogen oxides, an air pollutant
Auto engines easily convert to run on biomass Uses some fossil fuels in conversion
fuel

Coal Abundant supply Emits major greenhouse gases/acid rain
Currently inexpensive to extract High environmental impact from mining and burning, although
Reliable and capable of generating large amounts cleaner coal-burning technology is being developed
of power Mining can be dangerous for miners

Uranium No greenhouse gases or C02 emissions Higher capital costs due to safety, emergency, containment,
Efficient at transforming energy into electricity radioactive waste, and storage systems
Uranium reserves are abundant Problem of long-term storage of radioactive waste
Refueled yearly (unlike coal plants that need Heated waste water from nuclear plants harms aquatic life
trainloads of coal every day) Potential nuclear proliferation issue

Geothermal Minimal environmental impact Geothermal fields found in few areas around the world
Efficient Expensive start-up costs
Power plants have low emissions Wells could eventually be depleted
Low cost after the initial investment

Table 4.2: Energy Source Comparisons
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Transport of construction materials to the construction site will not be a big issue till

the vehicles run on metal roads but will face problem as soon as they turn on the

earthen tracks. The bearing capacity of these jeep-able tracks is low for heavy

machinery transportation. It is visualized that transportation may be suspended
during wet season due to worsened condition of the tracks.

4.5.3 Construction Material and Transportation
Solar panels will be erected on steel rods fixed in the ground. Similarly, other

construction material will also be used to build allied structures such as office, store

room, parking area, switchyard, etc. using framed construction technology. The

framed structure will consist of reinforced cement concrete (RCC) using mainly steel,

cement, sand, aggregate for construction purposes.
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The Cholistan desert is one of the key ecological arid zone facing extreme seasonal

variations. It has a population of about 110,000 who are practicing a nomadic life

style from many centuries. The economy of desert depends upon th herds of

livestock that are adopted to local climatic extremes. The only mean of

communication from the interior desert is by means of camels. There is little or no

vegetation in desert areas due to extreme climatic conditions and the grazing

5.1.1 Physiographic Profile of Cholistan Desert
The project area falls in Cholistan Desert which is a part of the world's seventh

largest desert, the Great Desert, which is stretched along the south border of Punjab

province, Pakistan. The total area of proposed project is 505 acres; it lies between

33" 78'938 Nand 224" 50'095 E at an altitude of about 112 m above sea level, the

important geological features of the area is the old Hakra River, which was dried out

about 600 years ago. Historically, the area received heavy monsoon downpours

along with the Indus Valley, which is the home of world's oldest civilizations,

Mohenjo-Daro and Harappa, date back to 5000 years. A gradual change in climate

caused a shift in monsoon winds away from the area, resulting in a decline in

precipitation, and ultimately converting the area into a desert.

5.1 Physical Environment
Information placed below has been extracted from the secondary sources:

A baseline consists of the existing environmental and socio-economic and cultural

status of the project area. The baseline information and indigenous knowledge is

required for scoping potential environmental issues associated with the

implementation of the project. On the basis of baseline information, the project

interventions are assessed and mitigation measures are proposed. The baseline

information also helps to indicate the specific issues to be monitored during project

execution as well as during operational phase.

This section provides baseline data (physical, biological and socio-economic

parameters) related to the project area. Information is provided both in quantitative

and qualitative terms and is based on secondary and primary data collection, site

field visits and desk studies.

5. BASELINE ENVIRONMENTAL CONDITIONS
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The rocks of Pre-Cambrian to recent age, exposed in the Aravali Range in the east

(in India) and the sedimentary successions from Mesozoic to Tertiary at the

Sulaiman Range provide the basis to predict the subsurface geology in this region;

though drilling have provided wide scale of information about subsurface.
Topography and geology of the project area is shown in Figure 5.1.

5.1.3 Geology
There is no significant geology. This area is covered by unconsolidated alluvium and

very recent sediments whereas areas closer to India are mainly desert. This is the

part of Indus Basin or may also be defined as the western extension of the

Rajasthan's Jisalmair Basin. However, few salient features about the area cover the

project area and adjacent areas. The geological information about this region is

based on 10 to 15 wells and 20 seismic data acquired by various companies in the

last 50 to 55 years in Pakistan.

The climate is sub-tropical, harsh, hot and arid, and influenced by seasonal

monsoons. One of the most remarkable features of the project area is the

occurrence of dry years in clusters, i.e., for 4-6 years continually. Annual and even

daily temperature varies greatly. Mean summer temperature varies from 35 to 50°C
during May to June and winter from 15 to 20 °C during December to February.

Annual rainfall is low and erratic, ranging from 100-250 mm annually, with its

maxima during July to September in summer monsoons and January to March in

winters. Arshad et aI., 2006 reported that high temperatures, low humidity, strong

winds and a high rate of evaporation transform the desert into a death valley with

extremely harsh environments during summers.

5.1.2 ClimatelWeather

animals. The nomads mainly depend upon ethno-veterinary medical practices for

animal health cares. The plants used are locally grown or indigoes to the area.

Arshad et aI., (2000) identified 118 species belonging to 32 families of Cholistan

desert. The Cholistan desert has sustained the ethno botanical uses for these plants

for a long time (Arshad et aI., 2002)

mEngineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department
Government of the Punjab

InitialEnvironmental
Examination(lEE)Report22

100 MWp Solar Photovoltaic Project
Bahawalpur, Pakistan



Initial Environmental
Examination (lEE) Report23

100 MWp Solar Photovoltaic Project
Bahawalpur. Pakistan

Figure 5.1: Topography and Geology of Project Area
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6 FAG. Global Forest Resources Assessment, 2000

Soil of the project area can be rated as poor, because it contains negligible amounts

of organic matter. This is characterized by large saline compacted areas with alluvial

clay (interlunar flats or Dahars) in between low sandy ridges and dunes, which are

generally stabilized to semi-stabilized or less frequently shifting dunes. Soil of

interlunar flats varies in texture, structure, and the extent of salinity and solidity with

pH ranging from 8.2 to 9.6. Sand dunes are much lower (less than 100 meters) than

those found in the project area. The area is comprised by large wind-shifting sandy

5.1.5 Soil

SR# LAND USE AREA AREA (%)
(ACERS)

1 Total arable area 991,815 75%

2 Uncultivated (waste) area 324,387 24%

3 Forest area 12,064 1%

Total reported area 1,328,266 100%

IRRIGATED AREA OUT OF ARABLE LAND

1 Irrigated by canal 277,518 57%

2 Irrigated by tube wells 210,527 43%

Total irrigated area 488,045 100%

WATER QUALITY OF ARABLE LAND

1 Area in sweet water zone 176,815 18%

2 Area in brackish water zone 815,000 82%

Total water area 991,815 100%

Land capability of a piece of land can be judged based on its ability to produce

sustained common agricultural crops, grazing capacity and forestry suited for a

particular area. Keeping in view the above definition, the land use statistics provide

the information regarding the forest, arable agricultural land, and the status of

ground water, etc. and help in establishing the basis for assessment of potential for

planned developments. Detailed information regarding the existing land use of the

project area is provided in Table 5.1.

Table 5.1: Land Use of Cholistan Desert"

5.1.4 Land Use
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7 Quantitative measurement of environmental monitoring was outsourced to GEL for dust emissions,
noise level and qualitv of ground/surface & wastewater of the project area.

There are two main sources of water in the area, sub-soil or ground water and the

surface water. The groundwater is mostly found at the depth of 30 - 40 meters and

in most of the cases, it is highly brackish. The nearest source of fresh water is

Bahawal Canal that is situated at about 4.5 kilometers north of project area. Water

course from this canal irrigates some parts of the forest area situated at the

boundary and is the sole source of surface water for occasional irrigation to

agricultural fields. A few wells are present at places where water has relatively less

5.1.8 Water

There is no industry or any other source of noise pollution in the project area except

some minor vehicular traffic. Noise level exceeding 85 dB is harmful to the human

health and excessive noise level can damage eardrum and very high level may

damage human lungs. Continuous exposure to excessive noise causes depression

and even damages nervous system. Project area, however, fall under a sort of

silence zone, i.e. noise level is around 50 dB (A).

5.1.7 Noise

dunes and ridges, interspaced with greatly reduced interlunar plains (Arshad et aI.,

2003).

5.1.6 Air Quality
Air quality of the area is good, but there is no permanent environmental monitoring

station in the whole Area. During the site visits it has been observed that ambient air

is clean at present as no heavy industry or other source of air pollution exists in the

project area. Smoke is generated through domestic activities particularly cooking

and heating where wood is a main source of fuel but the smoke emissions are not

high as the project area has very small permanent population. However, sometimes

there are increased concentrations of dust in the project area due to high speed

winds, otherwise, the quality of air in the vicinity of the project area is clean. The

vehicular movement data will be collected through Traffic Count Survey during

detailed EIA. Potential air quality issues within the project area are also associated

with the natural emission of dust". However, windblown dust can be observed during

strong winds.

Engineering Consultancy
Services Punjab (Pvt.)

1IIiiIj... ._Limited

Energy Department
Government of the Punjab



26
Initial Environmental
Examination (lEE) Report

100 MWp Solar Photovoltaic Project
Bahawalpur, Pakistan

8 Pakistan Council for Research in Water Resources (PCRWR). Regional Office. Bahawalpur

As mentioned in Section 5.3 that no settlement is present in the project area except

a Ranger's Camp which will be shifted at some suitable nearby place as soon as the

project will start. Following is the detail of their assets under use in the camp:

Community Assets5.1.10

The shallow and deep groundwater aquifers exist at site. The project area fall in the

desert region and the water depth and quality at different locations are different. The

hand pumps are installed in project area, which are not supplying potable water to

the inhabitants of the area and they only use it for bathing and washing. Drinking

water is taken from the forest hand pump that is located at the boundary of project

area. Its depth is 400 ft. Kunds are important during water shortage period and are

cemented.

5.1.9 Groundwater

The surface water is the primary source and is received only from rain. Rain water is

collected in ponds or land depressions, locally called Tobas and Kunds, while the

sub-soil water is obtained through dug wells and peter-pumps. In the project area,

rain is the source of fresh water. During rainy season, the rain water is collected in

ponds (tobas). According to an estimate" there are more than fifteen hundred tobas

in Cholistan desert. Factors such as amount of precipitation, location and size of

toba, time for which the water is available and prevailing condition of the range,

collectively affect the staying period of nomads at a particular water point. With few

exceptions, water in most of the tobas does not last for longer periods, i.e. up to 3-4

months only due to high rate of evaporation and seepage. It has been observed that

the inhabitants are very well conversant with the water saving techniques and

hygiene measures. They usually try to practice such watering techniques for

livestock that prevent the water from becoming polluted, a channel is constructed

with mud-plaster beside the toba and water is filled in with the help of some

container for watering the livestock.

salt-contents and was used for washing purpose. The water of wells is used only

when water in the Tobas is exhausted and there is no other option.
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9 Naz et al. 2010

• Aquatic vegetation

• Vegetation on saline patches

• Inter-dune vegetation

• Sand-dune vegetation

The common project vegetation is classified into different ecological zones as

follows:

The project area is poor in tree-resources, and vegetation cover is very limited and is

confined only to settlement areas, agricultural fields, along stream banks, and road

sides. The vegetation is comprised of xeromorphic species, which are adapted to a

variety of environmental stresses, particularly to extreme aridity, high salinity, high

temperature and low nutrient availability".

The assessment area for terrestrial flora encompasses the terrestrial environments

at project and adjacent areas that may be affected by the project activities. The

vegetation in the study area was studied by preparation of a floristic list on visual

observation basis.

5.2.1 Flora

S# Type of Structures Quantity

1 Peter pump room 1

2 Camp building of Rangers 1

3 Solar panel for Ranger's camp 1

4 Hand pump 1

5 Peter pump 1

Total Structures & Assets

Table 5.2: Details of Community Assets

5.2 Biological Environment
The assessment area for terrestrial flora and fauna encompasses the terrestrial

environments at project and adjacent areas that may be affected by the project

activities. Since the area under study is a typical desert thus information on aquatic

resources was neither present nor recorded.
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10 Qureshi et aI., 2010
11 Please refer to the Photo-log placed at Annex-D.

a. Mammals
The mammals include in the project area (Indian Caracal) Felis caracal, (Jungle Cat)

Felis chaus, (Indian Mongoose) Herpestes edwardsi, (Desert cat) Felis libyca,

From the secondary sources of information it is learnt that project area is uniquely

known as the host of a great variety of wildlife fauna which is specialized in living

with the climatic extremes. Natural vegetation provides food and shelter for wild

animals and birds. The wildlife of the area has not been studied systematically;

however, a few surveys of Houbara bustard and Lizard have been conducted by the

WWF Pakistan, Punjab Wildlife Research Institute and Pakistan National Museum

Islamabad. Based on the observations by local inhabitants, hunters and wildlife

officials, it is estimated that there has been 50 to 80% decrease in the wildlife

population over the last decade. Many reasons can be attributed, but the most

obvious seems to be the habitat-loss due to vegetation-depletion and excessive

hunting. The common project wildlife is classified as follows:

Information on wildlife fauna species was tried to compile on opportunistic

observation but limited time spent in the project area could not help to witness most
of the wildlife except a few species of free flying birds and some insects11.

5.2.3 Wildlife Fauna

5.2.2 Use of medicinal plants by local inhabitant
A lot of work has been done on medicinal properties and folk uses of medicinal

plants in neighboring countries, particularly in India, which shares habitats similar to

the Cholistan desert. Unfortunately, while many plants of the area are frequently

used by the local inhabitants, their medicinal importance is still not documented. One

of the most striking examples is of Neurada procumbens, and over-exploitation of

this important plant makes its local status critically endangered. This plant is

extensively used as a cooling agent, a strong tonic and a strong stimulant for debility
and impotency10.

• Border vegetation

• Cultivated areas
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5.2.4 Ecological Status of Wild Fauna
Table 5.3 is showing the status of wild fauna of Cholistan desert which is self­

explanatory:

The Insects include Scorpions, spiders, ants, bees, wasps, moths and beetles have

a long history within the region. Scarab beetles, members of the family

Scarabaeoidea, consume dung and plant material and are the most numerous group

of beetles in the area. The vectors are flies, mosquitoes, fleas and sand flies. Habitat

management is the key to prevention of disease through control of such vectors.

d. Insects and Vectors

c. Reptiles and Amphibian
The Reptiles and Amphibian in the project area (Tiger bull frog) Rana tigrina, (Spiny

tailed lizard) Uromastrix hardwicki, (Spotted Indian house geko) Hemilacytylus b

rooki, (Indian monitor lizard) Varanus bengalensis, (Black cobra) Naja naja,

(Common crate Bungarus caereleus, (Saw scaled viper) Echis carinatus, (Sand boa)

Eryx conicus, (Brahminy blind snake) Typholops b raminus and (Brahminy blid

snake) Typholops brarninus.

b. Birds
The Birds in the project area (Grey partridge) Francolinus pondicerianus, (Indian

Desert Finch - Lark), Ammomanes deserti phoenicuroides (Common Indian)

Starling Sturnus vulgaris, (Hobara bustard) Chiamydotis undulate, (Great Indian

bustard) Choriotis nigriceps, (Imperial sand grouse) Pterocles orientalis, (Indian gray

shrike) Lanius excubita, (Spotted owl ) Athene brarna, (Lagar falcon) Falco

biarmicus jugger, (Saker falcon Falco) biarmicus cherrug, (Desert buzzard) Buteo

buteo vulpinus, (Indian sparrow hawk) Accipiter nisus melaschistos, (Tawny eagle)

Aquila rapox vondhiana, (Harrier) Circus macrourus, (Indian ring dove) Streptopelia

decaocto, (Little egret) Egretta garzetta (Pond heron) Aredeola grayii, (Golden

backed wood pecker) Dinopium benghaleuse and (Warblers) Sylvia nana nana.

(Jakal) Canis aureus, (Fox) Vulpes vulpes, (Hedgehog) Hemiechnus auritus,

(Chinkara) Gazella bennetti, (Nilgai) Boselaphos tragocamelus, (Honey Badger)

Mellivora capensis, (Porcupine) Hystrix idica (Hare) Lepus nigricolis (Wolf) Canis

lupus and (Wild boar) Sus scrofa cristatus.
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Lal Sohanra National Park is situated at coordinates of 42R 783277 3246603. Other

relevant information as reported by the Wikipedia 2013 is given in the Box.

5.3 Social Environment
The project area lies at the entry point of Cholistan desert from Bahawalpur side.

The project area has no village or settlement thus no resident or PAP except a

Ranger's camp with 6-8 employees. They are not considered under the category of

PAP because government wi" relocate the camp as soon as project will become

under construction stage.

There was no game reserve or protected areas within the limits of the project area

but about 5 km before the project area towards Hasilpur lies an important game

reserve and protected area called Lal Sohanra National Park.

5.2.5 Game Reserves and Protected Areas

Indian rhino

Smooth-coated Otter

Indian (Black-naped) Hare

x

Little Civet

Honey Badger or Ratel

x

Wild boar

Indian Wolf

Jungle cat

Mongoose

xCaracal cat

Porcupine

Golden Jackal

Bengal Fox

Red fox

Hog deer

Chinkara gazelle

Black buck

Nilgai antelope

x

x

x

x

x

x

x

x

x

x

x

x

x
\x

x

x

Long-eared Hedgehog

Table 5.3: Ecological Status of Wildlife Fauna
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Sohanra is a national park of Pakistan situated in Bahawalpur district
Punjab province, which is one of the largest national parks in South Asia. Lal Sohanra
spread over 153,000 acre and is notable for the diversity of its landscape, which includes
areas of desert, forest and water.

park itself is situated some 35 kilometers east of Bahawalpur and presents a synthesis
of forest and desert life. It occupies land on both sides of Desert Branch canal, and is
spread over an area of 127,480 acres (51,368 hectares) - out of which 20,974 acres (8,491
hectares) are green land (irrigated plantations), 101,726 acres (40,942 hectares) are dry
land (desert), and 4,780 acres are wet land (ponds and lakes). The park's terrain is
generally flat, interspersed with sand dunes measuring between 1 and 6 meters in height
.and occupying as many as thousands of acres apiece.

•.Many species of animals can be found throughout the park. These include several wild
animals of the desert such as wildcat, rabbit, bustards and deer. Reptiles in the park include
the monitor lizard, Russell's viper, Indian cobra, saw-scaled viper, wolf snake, John's sand
..boa and spiny- tailed lizard. More than 160 species of birds are also present, Including the
houbara bustard, griffon vulture, crested horny buzzard, marsh harrier, hen harrier,
falcon, peregrine falcon, kestrel, Eurasian sparrow hawk, Egyptian vulture, lark, shrike,
wheatear, and barn owl.

Lake Patisar, a large body of water in the center of the park, is ideal for bird watching. In
..mid-winter, the lake is regularly home to between 10,000 and 30,000 ducks and common
•coot.
.The Punjab government has planned to convert the Lal Sohanra National Park into a
safari park of international standard. One of its most prominent attractions is currently the
lion safari, which allows guests to see lions in their natural habitat at close range. In
addition, the park's captive breeding suite holds a pair of rhinoceros which were gifted from
Nepal. Rhinos were Once found as far west as the Peshawar Valley during the reign
Mughal Emperor Babur, but are now extinct in Pakistan and western India.
Over 400 animals are currently being bred in the Lal Sohanra Park, including a large
population of blackbucks, a breed of antelope most notable for its pronounced sexual
dimorphism. The park is constantly supplied with new blackbucks in order to extend its
efforts towards blackbuck conservation.

EngineeringConsultancy
ServicesPunjab(Pvt.)

iiIIliiIIL Limited

EnergyDepartment
Governmentof thePunjab

_.------------------------------------------------ -



6.2 Sensitivity
Sensitivity is generally site specific and criteria are developed from baseline

information gathered. The sensitivity of a receptor is determined based on review of

6.1 Impact Assessment Procedure
In order to describe the significance of an impact it is important to distinguish

between two concepts: sensitivity and magnitude. As far as possible the sensitivity

and magnitude of the impact are described with reference to legal requirements,

accepted scientific standards or accepted impact assessment practice, and/or social

acceptability. Where no known published 'standard' criteria exist for determining the

magnitude of effects, established professional criteria and best practice techniques

are used and clearly described.

This lEE identifies the impacts likely to arise as a result of construction and

operational activities and assesses the likely magnitude of the impact in order to

provide some indication as to which impacts are likely to be most significant. A full

determination of the significance of the identified impacts, based on an assessment

of the magnitude in relation to the sensitivity of the receiving environment has been

formed part of the lEE. The impact assessment has been based on that

environmental checklist developed and enclosed as Annex-B.

Determining the significance of impacts identified is one of the main purposes of this

lEE and it enables the identification of necessary mitigation and a determination of

environmental and social costs associated with the project. Environmental and social

impacts of any project are identified taking into account all phases of the project

cycle, including planning, construction, operation and decommissioning. The

environmental issues and impacts of a project depend on the nature of the project

activities, and the types and extent of interventions involved. It is not easy to predict

the future and assign a relative value or overall significance to an impact, since

every impact has a different and multi-cimensional nature, and also because it

involves personal and subjective judgment for many attributes. An environmental or

social impact can be either beneficial or adverse and is assessed by comparing the

quality of the existing environment with the predicted quality of the environment once

the project is in place.

6. POTENTIAL ENVIRONMENTAL IMPACTS

•
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• It will be a source of clean and renewable energy and its 10 to 20 years
viability can grant a lot of economic and financial benefits to the country.

6.4 Positive Environmental Impacts
It is envisaged that the implementation of solar power unit in Cholistan desert will

pose following positive impacts on the environment for which no mitigation is
required:

Positive impacts refer to beneficial effects and adverse impacts refer to harmful

effects on e.g. natural resources, human beings and economy. In addition, it is the
aim of the EIA to categorize the magnitude of impacts identified according to the
categories outlined in Table 6.1.

In order to make the report meaningful and useful as more as possible, an attempt

has been made to describe each impact in the following terms:

• Legal standards and established professional criteria.

• likelihood; and

• reversibility;

• spatial extent of the impact;

• duration of the impact;

6.3 Magnitude
The assessment of magnitude is undertaken in two steps. Firstly the key issues

associated with the project are categorized as being either adverse or beneficial.

Secondly, beneficial and adverse impacts are then further subdivided into high,

moderate and low based on consideration of the parameters listed below:

the population (proximity/ numbers/vulnerability), presence of biological features of

the site or the surrounding area, soil, agricultural suitability, geology and

geomorphology, existing air quality, presence of any architectural and historic

heritage, landscape etc. Sensitivity, relates to the value, importance and tolerance of

an environmental resource or receptor and should take into account where possible

stakeholders views and public acceptability. Sensitivity can be categorized as high,

medium, and low to the assessment of receptor sensitivity.
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• On the basis of reduction in the GHG emission this project may qualify for

Clean Development Mechanism (COM).

• Comparing solar with coal-fired power plant, it will reduce the discharging of

various atmospheric pollutants and a large amount of ashes for each year to

improve the environmental quality.

• It will become the local scenic spot of science, education and tourism, which

will be beneficial to promote the development of the local tourism industry.

Meanwhile, it will also develop local tertiary industry to improve quality of life

of the settlements around. In addition to that better social and environmental

benefits are visualized.

Parameter Major Moderate Minor Negligible
Duration of Long term (more than Lifespan of the Less than project Temporary
impact 35 years) project lifespan with no

Medium term (5 to 15 detectable
years) impact

Spatial extent Widespread far beyond Beyond immediate Within project Specific
of the impact project component site project components, components and location

boundaries (e.q. site boundaries or site boundary within
powerhouse site, dam local area project
site, borrow pit area, component
etc. as applicable). or site
Regional, national and boundaries
international with no
boundaries detectable

impact

Reversibility Impact is effectively Baseline requires a Baseline returns Baseline
of impacts permanent, requiring year or so with some naturally or with remains

considerable interventions to return limited constant
intervention to return to to baseline intervention
baseline within a few

months
Legal Breaches national limits Complies with limits Meets minimum Not
standards and or international given in national national standard applicable
and guidelines standards but limits or
established breaches international international
professional lender guidelines in guidelines
criteria one or more

parameters

Likelihood of Occurs under typical Occurs under worst Occurs under Unlikely to
impacts operating or case (negative impact) abnormal, occur
occurring construction conditions or best case (positive exceptional or

impact) operating emergency
conditions conditions

Table 6.1: Criteria Used to Determine Magnitude of Impact
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In addition to the above, some more significant positive impacts on the vegetative

cover of desert surface can be assessed. For instance, large scale arrangement of

solar cell panels may block direct sunshine up to some extent, large spaces between

the lines of photovoltaic cell can still absorb solar energy at various times of the day

which may reduce the evaporation capacity of the desert surface which otherwise

very high under dry desert conditions. It will create the condition for a little longer

• Trees -1
• Shrubs
• on

Fauna
• Mammals 0 0

Reptiles
• Birds

InsectsNectors

SurfaceWater
Ground Water
Wastewater

Table 6.2: Impact Matrix

An impact matrix has been developed based on sensitivity and magnitude of impacts

as shown in Table. 6.2
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6.5.2 Environmental Impact during Construction
(a) Impact of Noise
During construction period, noise level will increase due to movement of

construction machinery and equipment including bulldozers, trucks, excavators,

concrete mixers, vibrators and generators, etc. Noise level of construction

machinery is expected to be around 80dB-120dB. This noise will have some impact

closer to the construction site and the surrounding areas within 250 m. Since

proposed solar power plant area is an open area thus noise generated by the

construction machinery will be of little significance. In addition to that absence of any

settlement, village or city nearby will further reduce the impact of noise produced by

the machinery.

6.5 Adverse Environmental Impacts
Besides positive environmental impacts, a number of adverse environmental could

also be assessed if proposed solar power generation project is implemented. Almost

all adverse environmental impacts will be of temporary nature, thus short term

mitigations are required. Following is a brief account of the impacts:

This project will be a source of clean and renewable energy, despite the high initial

cost but its 10 to 20 years viability can result in economic and financial benefits to

the country.

water storage capacity of the surface to promote surface vegetation. Regular

washing of solar cell panels will obviously soak the earth surface which will attain

water supplement at regular intervals. Coupled with rainwater and sunshine,

vegetation will be increased easily on the confined area. On the same footprint,

confined area under solar panels will provide favorable condition to the recovery of

vegetation, as well as the fence will not allow grazing animals or people to enter so

vegetation and small wild animals will be protected. This phenomenon will therefore

provide favorable conditions for the recovery of lost habitat of the flora and fauna.

The dwarf grand flora (desert vegetation) having lower height than panels will be

expected to grow significantly, also called forestation, because they will revive

regular supply of water which is released after washing solar panels.
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: The proposed solar plant will not pose any adverse impact at all on the drinking

water source. As concerns the drinking water facility for the construction labor, they

will arrange their own facility. It is believed that future water point will be safe from

windblown contaminants.

(c) Impact on Water Quality
Windblown by the working of construction machinery along with dry weather

conditions, in fact, will be main cause of surface water pollution due to slow shifting

of sand dunes under desert conditions. Since there is no surface water available in

the project area so there will be no chance of surface water pollution.

(b) Impact on Air Quality
Solar power generation itself will not produce any toxic and harmful exhaust

pollutants. However, the vehicular exhaust and dust blowing from the ground may

have certain impact on local atmosphere. Dust blowing is mainly produced by

excavation for engineering construction of solar panel foundations of box-type

transformer, access roads, inverter room and production building, etc., loading and

unloading of construction materials, like cement, lime, free stockpiling of dusty

construction material, temporary stockpiling of earthwork and traveling of vehicles

on the road, etc. Quantity of blowing dust mainly depends on wind speed and dry or

wet status of the ground surface. If construction is performed in summer, when wind

speed is high and the surface is dry, amount of blowing dust will be great, which will

pollute air around the power plant especially in the direction of wind. If construction

is performed in spring when wind speed is low, the blowing dust will be less and will

have relatively less adverse impact on air quality. It is further to add that the air

pollution caused by dust blowing during construction will be temporary and will

disappear after the completion of construction.

The most affected persons by the noise may be the labor working at site who may

use ear-plugs during working with the machinery.

Apart from that, commuting construction related vehicles will add some noise to the

surroundings of the construction area as well as the connecting routes with

Bahawalpur but again it will yield negligible adverse impact.
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(f) Impacts on Ecological Environment
The project area is located at the edge of desert where the ecological environment

is relatively fragile and vegetation is not rich. As such, there will be minimum

damage to the ecological environment due to construction work. As mentioned

earlier that trees, shrubs and other surface vegetation will be cleared off before the

start of construction, hence no further damage will be expected during construction

(e) Impacts on Labor Health
The adverse impacts on worker's health will occur mainly during the construction

period because the infrastructure building is relatively a crude operation. If the HSE

management measures are unfavorable for dietetic hygiene, drinking water and

environmental sanitation, they may increase the probability of spreading the

infectious diseases.

(d) Impact due to Solid Waste
The solid wastes during construction are mainly the construction spoil and the

domestic garbage of the contractors, which is a temporary activity, and will come to

an end as soon as the project is completed and put into operation. So if during

construction, the contractors handle construction waste safely and in a timely

manner, the wastes will not have any adverse impact on the environment. In

addition, some of the construction materials can be recycled and the other can be

disposed of properly outside the project area. As there will be sizable number of

labor at the site during peak construction days, great amount of work and domestic

garbage will be expected to produce, including waste and old plastic bags, leftovers,

waste packing materials, spoiled edibles etc. To prevent adverse impact on the

public hygiene and health, such garbage will be collected and transported outside

the project area at designated places for safe disposal.

As concerns wastewater, the proposed project will hardly produce any wastewater

except that produced temporarily by the labor camps. During construction activities

water will mainly be used for concrete mix, so there are little chances for the

production of any sizeable wastewater. Domestic sewage produced by on-site labor

camp may be considered as the main source of wastewater in terms of

contaminants, but it is visualized that it will be locally disposed of in the sumps thus

no significant chance of environmental pollution.
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(d) Impact of Noise
Photovoltaic power generation system doesn't have mechanical transmission

mechanism or moving components, so no noise is produced during operational

period. Similarly, motor vehicles running on access roads will generate some noise

but that will not affect the project area being open in all directions.

(c) Impact on Water Quality
Photovoltaic power generation converts solar energy to electric energy and no

exhaust is given off during the converting process. In photovoltaic power generation

operation, major water requirement is for washing of the solar panels and some

domestic use by the maintenance workers of the solar park. The amount of

wastewater so generated at site will mostly be absorbed by the sandy nature of the

land as well as gathered in soakage pits. Thus adverse impact of wastewater on

local water environment will not be significant.

(b) Impact on Air Quality
The exhaust gases will generally be produced by the transport vehicles during

operational phase of the project. Since the proposed project site is open and has

better ventilation conditions, the smoke will be diffused rapidly and will not have

significant impact on the atmosphere. It is also envisaged that air quality will not be

adversely affected by the solar power generation operation.

It is also estimated that increase in a few degrees of temperature due to solar

panels irradiations will further deteriorate climatic conditions in peak summer times.

6.6 Environmental Impact during Operational Stage
(a) Impact of Climate
Gales and sand storms in Cholistan desert may deteriorate air quality which will

consequently reduce visibility, transparency and solar radiation. Therefore severe

weather will impose significant adverse impact on the power generating capacity of

the solar power unit. The impact of sand must be considered in designing the PV

power plant and arrangements of regular washing of the panels must be ensured to

prevent panel abrasion.

period. As regards the vehicular movement on the access roads, the chance of

further ecological dames is meager.
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(h) Impacts on Health
Water left after washing of the solar panels may promote vector growth underneath,

thus health hazard for the people and animals around.

(g) Impacts on Ecological Environment
The project area is almost a desert and has little ecological impact on Lal Sohanra

National Park in terms of wild animals and plants protection. In addition to that a

small area on the edge is a forest area which must be retained as it is. It is

envisaged that operation of the power unit will not change the status of local animals

and plants thus no adverse impact on the local and surrounding ecological

environment, especially the national park.

(f) Impacts due to Electromagnetic Radiation
The equipment used in the operation of photovoltaic power technology don't have

electromagnetic impact on cross communications, thus it is envisaged that satellite

signals will not be distorted anymore. It will not pose any adverse impact on the

functioning of vital communication apparatuses like cell phones, radio or television.

(e) Light Pollution
Solar panels reflect sunlight i.e. above 95% and it may disturb the drivers to face

flashing sensation on the access roads while driving during sunny hours. Angle of

solar panels is set at about 45° to 60° as well as they are installed 3-4 mm high thus

it is expected that reflections will not be significant and can easily be managed by

the drivers.
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• Surface vegetation and some soil conservation techniques are

protective measures against dust emission. They should be promoted

• Cholistan has a long history of facing extreme temperatures during

summers, up to 50°C. In the PV design climatic impact on solar cells

and electrical equipment should be taken into consideration.

• Light-absorption system compatible with PV solar panels should be

used just like the blue lights are used under foggy weather; because

gales and sand storms will occur periodically in Cholistan.

• The concrete batching plant should be set within the enclosed

construction camp.

• Covered trucks should be used to deliver the construction material.

• Vehicles should run at a slow or limited speed to reduce dust emission,

which should be around 15 km/h.

• The construction workers should regularly sprinkle water at the

construction site to prevent the generation of suspended dust. The

volume and frequency of sprinkling should be increased when the wind

is strong and weather is dry. Access roads should also be included in

this operation.

Since exhaust gases will generally be discharged during the construction and

operation stages of the project, the number of construction vehicles should be

controlled to minimize the impact on the environment. In order to reduce the impact

of dust blowing during construction and operation following countermeasures should

be taken into account:

7.1 Physical Environment
7.1.1 Prevention of Exhaust Gas and Dust Pollution

It is generally assessed that almost all adverse environmental impacts have

temporary nature which will be faced during construction phase of the proposed

project. Following are the suggested mitigation measures for corresponding major

adverse environmental impacts:

7. MITIGATION MEASURES FOR ADVERSE IMPACTS
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12 OSHA Guidelines 1970

7.1.4 Solid Waste Disposal and Public Health Measures
The handling of earth excavated during construction: During excavation, the top-soil

and bottom soil should be properly stock-piled separately at specified locations.

After the construction, the exposed area should be covered with bottom soil first,

and then with the top-soil;

7.1.3 Sewage and Waste Water Treatment Measures
The production of wastewater from the Project construction activities is mainly

generated by washing the concrete truck mixers and other construction machinery,

repairing equipment and maintaining vehicles, but the total amount of such waste

water is small. The construction sites are relatively scattered, and the scope is also

relatively wide, so the waste water can be used for spraying at the construction site.

During the construction period, the sewage should be collected, and the domestic

sewage should be transported outside for safe disposal. During normal operation of

the power plant, the waste water is mainly the domestic sewage. The domestic

sewage should be collected and regularly transported outside for safe disposal.

• OSHA Guidelines on 'Noise Limits for Construction Site' should be

fotlowed ".

• Construction work should be carried out during day time if possible.

• Regular service for construction equipment should be ensured and

some workers may be trained in machinery operation to hold charge of

some machines according to operation specifications.

• The contractors should ensure the use of low noise and low vibration

construction equipment.

7.1.2 Noise Pollution Mitigation Measures
Since noise can't be avoided during construction so the contractor should strictly

follow the personal protection guidelines, i.e. OSHA guidelines (1970) in order to

minimize the noise impacts. Following mitigations will also help:

so that secondary dust may not be spread during operation stage of

the project.
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7.2 Ecological Environment
In order to preserve the ecological environment during construction, the construction
operations should be arranged in accordance with the environment management

• A central disposal center for the wasted material of photovoltaic
modules, transformer elements and cables should be located in the
service area of the Plant. When the quantity of this waste reaches

certain number, the waste should be uniformly sorted. The recyclable

photovoltaic modules should be broken up and sent to relevant

factories for recycling as required, while other parts that are hard to be
recycled should be disposed of according to relevant regulations.

• Meanwhile, proper management of dietetic hygiene, domestic drinking

water and environmental sanitation should be ensured to prevent the
spread of infectious diseases and to protect the population health.

• During the normal operation of the power plant, the administrative
staffs are mainly engaged in handling official business, monitoring and
overhauling, and the solid wastes are mainly the office and domestic

wastes. The living area should be provided with dust bins to collect the

wastes, and the collected wastes should be transported to the nearby

specified landfill site.

• The power plant should be equipped with centralized solid waste
collecting boxes which should be cleaned regularly. The solid wastes
generated during the construction operation should be transported

outside the plant to avoid spreading out due to wind blowing and

effluent leakage from polluting the surrounding.

• In addition, some of the constructionwaste excavation can be recycled

the remaining can be transported together with the domestic waste to

some nearby landfill.

• After the excavation and backfill, the left-over waste can be used as
the filling material for the low-lying areas, if needed. After the backfill,

these areas should be compacted and planted to avoid water and soil

loss, vegetation growth and protect the environment;

Energy Department
Government of the Punjab IDEngineering Consultancy
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• After construction, the cable ducts should be backfilled in time, with the

• The use of large machines should be minimized during the

construction. After excavation, the foundation trenches should be

concreted as soon as possible and backfilled in time. The surface layer

of the trench should be improved to minimize the exposure time and

reduce the dust emission. Blasting should be discouraged for

excavation of foundation trenches so as to reduce the impact of dust

and vibration on the surrounding environment.

• The top-soil should be intensively piled and protected, and after the

construction, the exposed land surface should be re-covered with the

original top-soil.

• Preference should be given to environment-friendly equipment for

construction, and construction operations should be planned to

minimize dust and noise emissions, it should be guaranteed that any

effluent discharges meet the environmental standards and guidelines.

• The power generation and electrical equipment should be placed at the

positions specified in design plan, and the construction machines and

the equipment should not be piled without approval to control the floor

space and protect the original landform.

• The construction operations should be contained within the land

acquired for the solar power plant in order to reduce the damage to

surrounding land. The approach road and the temporary roads for

movement of construction equipment should be properly planned for

which no land acquisition is required. The existing earthen roads (or

tracks) should be used during construction as far as possible to reduce

the land damage and avoiding additional land acquisition. Moreover,

the roads will be improved before construction phase for transportation

of heavy machinery.

system requirements to shorten the construction period, and reduce the

environmental impacts on surrounding landforms. Following ecological protection

measures should be adopted for the project:
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• According to the environmental protection principles, four inch top soil

of construction area may be excavated before construction and it will

be relocated again below the panels to restore the site.

original landform recovered.
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Operation and maintenance.ExecutingAgency and
Inhabitants

8.2 Environmental Monitoring Plan
Effective implementation of the mitigation measures to mitigate or minimize the

environmental impacts would require the project to undertake a comprehensive

monitoring program. The objective of the monitoring program is to ensure that the

construction and operation activities are carried out in an environmentally sensitive

Operation

• Ensuring observance of statutory environmental
management and monitoringstandards;

• Auditing EMP and reviewing lEE report.

• Oversee and monitor environmentalmanagement
activities and standards.

• Undertakeday-to-day supervisionof EMP activities.

• Ensure environmental impacts are acceptable.

• Ensure adequate and prompt remedial actions are taken
as required.

• Liaisewith public and respondto environmental issues.

EnvironmentProtection
Agency, Punjab

Environment
ManagementCommittee

ProjectSupervisor/

Site Engineer

ContractorConstruction • Implement EMP

• Undertake monitoringactivities

• Reporting to Site Engineer

aEngineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department
Government of the Punjab

EnvironmentManagement Ensure EMP requirements are includedfully in contract
Committee documentation.

Pre-Construction

Table 8.1: Responsibilities for Environmental Management

The summary of responsibilities for environmental management and monitoring is

given in Table 8.1 whereas detailed Environmental Management Plan is given in

Table 8.2.

8. ENVIRONMENTAL MANAGEMENT AND MONITORING PLAN
8.1 Environment Management Plan (EMP)
To ensure mitigation measures undertaken in subsequent stages of the project, an

environmental management plan (EMP) has been prepared as part of the lEE. The

EMP summarizes project impacts and describes proposed mitigation measures. It

also identifies the authorities responsible for implementing mitigation measures.
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ContractorMonitor adherence to all occupational and safety
requirements

Health and safety
requirements

Weekly

Health and safety of construction workforce

ContractorWeeklyMonitor to ensure construction activities does not cause
flooding

at the project site.

Blockage of drainage due
to construction activities

Flooding

Soils

Soil Erosion Check that any exposed soil is containedwithin the Weekly Contractor
erosion controls.

Monitor proper management of excavated soil/silt Monthly Contractor
includingtimely removal of material from project site

Surface and Ground Water Quality

Surface runoff Monitor measures to channelize surface runoff As required Contractor
management

Contaminationfrom waste Monitor measures taken to prevent contamination of Daily Contractor
and sewage generated ground and/or surface water from waste and sewage
from construction activities generated from construction activities

Air/Noise Pollution

Dust emission during site Monitor adequacy of dust suppressionmeasures Daily Contractor
preparation, excavation undertaken

Storage and transportation Monitor adequacy of measures undertaken to prevent Daily Contractor
of constructionmaterials, fugitive dust
excavated soil and silt

Noiseemissions from Monitor preventive measures being implemented to curb Daily Contractor
construction vehicles noise

Solid Waste

Disposalof solid waste Monitor to ensure solid waste generated is being Daily Contractor
disposed properly

Environmental Management and Monitoring ProgramTable 8.2:

and responsible manner, and in accordance with the recommendations of lEE.

Recommended monitoring plan of the proposed project are presented in Table 8.2.
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8.3 Institutional Arrangements and EMMP
Having well defined implementation arrangements, with specific assigned

responsibilities, and adequate monitoring of the implementation and performance of

mitigation measures, are critical to environmental management. The presence of a
good and functional institutional framework and monitoring entities ensure that

mitigation measures are an important and integral part of these arrangements.

Health check up of workers Monitor adequacyof health checkup service provided. Monthly Contractor!

Engineer

Sanitary conditions of Monitor provision of shelter, water supply, excreta and Monthly Contractor!
construction campsite solidwaste managementat campsites Engineer

Community Life and Economic Activities

Access to public and Monitoring impact of project on dwelling and business in Daily Contractor!
private properties the project area Engineer

Damage to public and Monitor construction activities to ensure public and Weekly Contractor!
private property private property is not damaged Engineer!

EMC

Review and monitor property damage report to ensure Monthly Contractor!
timely resolutionof claims etc. Engineer!

EMC

Hardship and Monitor to ensure that communities and business face Weekly Contractor!
inconvenience to public and minimal hardship and inconveniencedue to construction Engineerbusiness activities

OPERATIONPHASE

Operation and Maintenance Monitor implementationof preventive and all Monthly EMC
of the System maintenancework

Awareness campaign Review and monitor effectivenessof the awareness Quarterly EMC
regarding environmental campaigns conducted
responsibility of the staff for
sustainable management of
resources and
environment.

Energy Department
Government of the Punjab
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The civil works contractor will be required to ensure implementation of EMP activities

in the construction stage under monitoring and supervision of the Site Engineer and

EMC. Site Engineer will pay day-to-day supervision and reporting of the EMP.

The Proponent of the solar power plant is. Energy Department thus implementation

and monitoring requirements of environmental impact mitigation and monitoring

measures will be met by them. The Environment Management Committee (EMC) of

solar plant will take overall responsibility for undertaking and coordinating the

mitigation and monitoring measures identified during the preconstruction and

construction phases. The Proponent in consultation with the consultants and

concerned government agencies will ensure that the mitigation and monitoring

measures for the operation and maintenance phases are adequately transferred.

Monitoring becomes part of the development process because mitigation measures

are suggested and their performance is monitored. Feedback in the event of poor

performance of a mitigation measure will allow appropriate corrective actions to be

taken.
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9.3 Techniques and Tools used for Public Consultation
There is no community and settlement present in the proposed site, so public

consultation was not carried out. Thus, only a summary of the consultations made
with the key informants in terms of their feedback is shown in Table 9.1.

• Participation of the consultants in the public hearing arranged by EPA to
answer queries raised by other participants

concerns

• Identification of stakeholders for environmental perspective

• Extensive consultations with all stakeholders to obtain their opinion and

9.2 Stages of Public Consultation
Acceptance of the project by the stakeholders will be assessed through the following

steps:

9.1 Legal Requirements of Public Consultations
According to the lEE and EIA Review Regulations 2000, public consultation is

mandatory for any socio-environmental study. It is also mandatory for all the projects
classified as category A to C.

Anyhow, some basic tools of the stakeholder's consultation are briefly mentioned

below to understand the sessions held with some of the stakeholders. They are the
legalities, stages of the consultation, techniques and tools used, consultation

process and the outcome.

It is interesting to note that project area for the construction of 100 MWp solar power

generation unit is void of the presence of any affected community, except the

camping site of the Ranger's, thus this chapter will not contain any outcome of the

PAP's views and the concerns.

This chapter describes the mechanism adopted and activities undertaken by the

involvement of stakeholders in the consultation process, information collected and

conclusions drawn during the public consultation process.

9. PUBLIC CONSULTATION AND INFORMATION DISCLOSURE
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Not applicable

Not applicable

Summary of Feedback
• Pakistan is facing energy cnsis, therefore,

construction of the Solar Power Project is a good
initiative by the Energy Department.

• Presently there is no industry in the vicinity of project
area due to shortage of energy resources. It is hoped
that economic activities will increase in the project
area as well as in the country after construction of
the project

• Energy Department should provide electricity on
subsidized rates to boost the industries in the area.

• During construction, Energy Department should try
to minimize the damage to infrastructure and
environment.

• IUCN and WWF showed their reservations on the
foreseeable damage to flora and fauna in the project
area due to increased plan of human activities in the
desert.

• Development projects are generally delayed due to
litigation. Energy Department should prefer to settle
disputes on the spot through a resolution mechanism
instead of litigation.

Not applicableInterviewswith well­
informed persons falling
in project area
Interviews with affected
people and communities
Scoping sessions in
affected villages

Category
Visits to Government
offices, line agencies and
NGOs

Table 9.1: Concerns of Stakeholders

9.4 Interviews with Key Informants
During the lEE studies, well informed persons (local politician, head of a government

departments and/or social activists) related to the Project Area were interviewed and

all necessary information pertaining to the Project Area was recorded during data

collection process. This process also supported the understanding of the

Consultants as a lot of information was exchanged during interviews. Please refer to

Table 9.1
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10.3 Recommendations
It is recommended that the Proponent should obtain an environmental approval (no

objection certificate) from the Punjab-EPA before proceeding further into the

construction activities.

There is no adverse impact of the construction of solar plant on the environment nor

does it cause any pollution to the environment. The adverse impacts to the

environment appear temporary because they are limited to the construction period

and can be minimized by taking effective engineering measures.

10.2 Adverse Effects

The solar power generation is a renewable energy source and utilizes/produces

clean energy thus can win the favor of Clean Development Mechanism. Its concept

is in line with the national energy development policy. The solar plant will grant

efficient wheels to local economic development and meanwhile solar plant will

become the local scenic spot for scientific education and tourism. In addition, it will

promote the wildlife and vegetative cover.

10.1 Beneficial Effects

Specific social and environmental benefits have been mentioned below which

depend on the strict compliance of the mitigation measures suggested in EMP and

best engineering practices:

• Improvement in the existing landscape.

• Construction of a building with provision of basic and allied facilities for the

operational staff; and

• Absence of any significant sensitive terrestrial habitats in the project area;

The proposed project has undergone a fairly exhaustive environmental screening

process, which involved site visits, consultations with project stakeholders, review of

documents, etc. It is believed that the process has been sufficient to determine all

possible interactions between the project and the environmental and social

conditions at the site. Several factors preclude any significant adverse environmental

and social impact associated with the project. These are:

10. CONCLUSIONS AND RECOMMENDATIONS
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It is further recommended that the Proponent should also go for Environmental

Impact Assessment (EIA) for the whole Master Plan i.e. 1000 MWp Solar Power

generation at the Solar Power Plant.
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I,

4. After review of the Initial Environmemal Examination (IEI~)Report, SIR by DOE
and other relevant record, (be Environmental Protectien Agency, Punjab accord approval for
construction phase ofthe above-mentioned project to safeguard the environmental issues subject
to the following condsions:

i, The proponent shall ensure compliance or Nailoual Environnrcntal Quality
Standards (NEQS).

11. Mitigation measures suggested in the lEE Report and Environmental
Management Plan (EMP) shall be strictly adhered to minimize any negative
impacts on soil, ground water, air and biological resources of till! project arc".

iii. MonitOring shall be carried out during. the entire period of the project activities.
Monitoring reports of the whole operation shall be submitted to EPA, Punjnb on
quarterly basis.

iv, Camping sites shall be Iocated ai suitable distance :\\\,:1)' Irom any settlement to
avoid disturbance to the localpeople. Sewagegenerated from campingsitesshall
be treated in septic tanks and soak pils.

v, The area around the proj,ect site sh»H be b:pt clean,
vi, 'The proponent shall dispose of solid waste in a proper scientific way in

consultation with TlvfAlDistrict Government.
\'ii. The proponent shall ensure efficient health and first aid treatment facilities for

protection of workers.
viir. The proponent sb.alI plant 5000 indigenous species of trees around the project area

on available space within six mOJlths and shall do proper landscaping :Ifler
completion of the project.

ix, The construction material shall be pike! I stored in such a way that it shall not
destroy the flora l environment of the Iccality,

x. TIle proponent shall care about noise issues during construction and operation
stage of the project.

XL The objections/complaints of'thc locals/stakeholders (if any) shall be redressed on
priority basis.

xii, The proponent shall provide compcns.rtion 10 {he inhabitants in case of JOS!i of
agricultural land, crop. property, etc. in accordance with the relevant rates and that
are agreed upon. There under all conflicting issues regarding compensation, etc.
shun be settled amicably by tIle competent authorlty before the start of'thc project
activities. ~ •

i.T.O

2(}'07.2012.Date of receiving of caseJ ..

The Project site Is located near Laal Sohanra Park,
District Bahawalpul'.

Location of Projecr;2.

Development of lOO-i\HV Solar Photovolraic Park!
Project over an area of 505 acres.

Description of Project:L

lIlr. Najam Ahmed Shah,
Chief Executive Officer.
Mis Quaid-e-Azam Solar Power (PVl.) Limited,
Suit No. 503-ShaIlcen Complex, Egerton Road.
Lahore.
ENVIRONiHENTAL APPROVAl,

(Under Section 12 of the PEP Act, 1997 (amended in 2012) read with lEE/EM
Regulations. 2000)

Subject:

To,

NQ. DO (EJA)/EPA/F.948(IEE} 12013/0701!1t/
Dated: !3 101/2014

ENVIRONMENT PROTECTION DEPARTMENT
Government of the Punjab



- ----------

~~~~~
(SALMAN ASL.Al\f)

ASSISTA.t~TDIRECTOR (EtA)
for Director General, EPA. Punjab

A copy is forwarded for information to:

1. The District Officers (Environment), Bahawalpur w.r.t. his letter No.
16139IEIA/DOIEP.AIBWP dated 10.10.2013. He is requested to ensure
compliance of the above-mentioned conditions under intimation to this office,

•NO.& DATE EVEN.

~~" Mktvn.
(SAL?\IAl,"l ASLAl\I)

ASSISTANT DIRECTOR (EfA)
for Director General~EPA.Punjab

Ph: if O-t-2-9923/??S.

•9. This approval shall be valid (lor comuicncemcnt of construction) for a period 01
three ycar5 [rom the date of issue under regulation 16 of lEE I EJ...\Regulations, :WOO.

10. 111i$ approval can be withdrawn at auytirnc without any prior notice if deem
necessary in U1C public J national interest.

xur, The proponent shall obtain NOC / clearance from all other concerned departments
before CQIllUlCnCClI1C1H orwork .

.'\1\'. '111C proponent Sh:IH appoint En\'ironn1I:I1WI~·l;lIla_gcrI~aving qualification of
i\-t.Sc. Environmental Sciences or equivalent qualification recognized by the
competent ;Illthorityl forum for the project and shall convey his name along with
his complete Mailing Address and Phone Numbers.

5. The Proponent shall be liable lor correctness and validity of the information
supplied by the environmental consultant.
6. The Proponent shall be liable for compliance of Regulations 13. 14. 17 and 1S of
IEE/E1A Regulations, :WOO. regarding approval, coruinn.uion or compliance. entry, inspections
and monitoring.

7. 111is approval is accorded only for the consiruction phase of the project. The
proponent will obtain approval for operational phase of the project in accordance with regulation
13(2)(b) and Regulation 18 of the IEEJEIA Regulations, :WOO.

S. Any change ill the approved project shall be communicated to EPA, Punjab and
shall be commenced after obtaining the approval,



Mobile fire protection system•

i\ fire prevention and response plan shall be provided to perform all work in a
fire-safe manner. We shall supply and maintain on site adequate fire-fighting
equipment capable of extinguishing incidence of fires. The following fire
prevention/protection systems shall be provided:

Fire Prevention I Protection plan

The protection equipment shall be complete with all relay panels, instruments,
meters, interposing current and voltage transformers, transducers and all
auxiliaryequipment.

Bidder shall provide complete indicating, regulating, controlling, protecting and
interlocking equipment necessary for safe and efficient operation of the plant
and substation. The complete protection scheme shall be provided for
Employer review and approval.

Protective Equipment & Interlocking Devices

We shall also carry out site tests for soil resistivity to determine the parameters
of the earthing system. The design and design calculations of the earthing
system shall be subject to approval of the Employer.

Subsidiary branch copper connections shall be made between the main earthing
mesh and various items of the plant, metal frame works and housings etc. The
power plant shall be provided with over-voltage protection system connected
to proper earth mats. The main aim of over-voltage protection is to reduce the
over-voltage to a tolerable level before it reaches the PV or other subsystems.

The earthing system shall satisfy relevant standards and shall be designed
following best practices. Earthing system shall consist of main copper earthing
mesh along with copper earth bars installed at various locations around the
perimeter of plant.

l~arthing System

23. Safety and Emergency Plans



1. Mechanical construction personnel must be aware of safety, obtain relevant
certificates in working, follow commanding and observe the integral
assignment.

2. During excavation, work shall be carried out as per the signs of construction
supervisor and safety supervisor. Proper sloping shall be carried out to prevent
collapse.

3. Proper safety distance should be maintained, because stacking of materials,
tools, mechanical equipment and soil as well as mechanical excavation beside
foundation pit will add more loads beside the pit, which, plus the mechanical
shock, would have some impact on slope stability. It is not allowed to place soil
within 2.0 m of the foundation pit and to stack heavy goods or apply vehicle or
vibration load within 5.0 m of the foundation pit.

4. The slope shall be checked up when the soil excavation has reached certain
depth (after rain in particular). If crack, looseness and other potential hazards
are spotted on the side slope, proper action shall be taken to avoid the potential
hazards.

Excavation Safety Assurance

The noise of the booster station mainly refers to the transformer noise
including transformer body noise and fan noise. The booster station noise will
not exert significant influence on the surrounding environment. The bidding
requirements of the transformer noise shall be controlled below 70dB when
placing an order so as to reduce the influence of the transformers on the
operation environment. The greening of the area shall be strengthened to make
the noise of the main control buildings and auxiliary buildings about 45dB (A).

:NoiseSource of Booster Station and Noise Prevention Measures

Oil leakage and oily water will never happen when the booster station is
operated normally, unless emergency accident happens to the transformer.
Under the emergency circumstance, the oil contamination will flow to the
general accident oil basin and oily water will be discharged to the septic tank
after undergoing oil-water separation process.

Environmental protection and labor safety

•
Fire alarm and detection system (with a main panel in the control room)
Carbon dioxide fire extinguishers for control room, indoor building and for
outdoor installations in the switchyard.

•



During the construction, the occurrence rate of any accidents should be strictly
controlled under the lowest limit of the same kind of construction project, and

Monitoring Indexes of Safe construction

The safety goal is to avoid heavy accidents and to minimize the accident rate.
The minor injury accident rate should be controlled under 0.5%0 and we should
strive for constructing a standardized construction site.

Construction Safety Measures

5. Water retaining wall shall be built around the foundation pit to stop surface
water and rain water from penetrating into the soil behind the slope and
foundation pit and the consequent decreased shear resistance of the slope.

6. As the deeper the excavation goes, the more dangerous it will be at the pit
edge, protection facilities must be provided. To prevent personnel falling into
the pit and cause safety accident, fencing shall be provided around the
foundation pit. The protective railing should consist of an upper horizontal bar,
a lower horizontal bar and columns. The upper bar shall be 1.2 m from the
ground; the lower bar shall be 0.6 m from the ground; a toe bar shall be
provided on the ground and fine mesh safety net (1.8 X 6 m) shall be provided
as well. A column must be provided in every 2.0 m of horizontal bar. It shall be
secured and firmed connected with the horizontal bar.

7. All construction personnel must access the foundation pit through ladder. It is
not allowed to climb the pit wall to avoid falling. Materials and tools must be
transported through a dedicated access walkway. The foundation pit shall be
provided with a ladder and material transport access walkway.

8. Work Environment inside Foundation Pit
a) During manual mucking, the operators must keep a safety distance over 2.5

m between each other.
b) The excavation shall be carried out upside down. It is not allowed to cut the

slope toe.
c) During manual excavation, the surroundings must be carefully checked to

remove loose rocks or rocks may fall on the pit wall to avoid personnel
InJury.

d) During foundation excavation, sloping shall be carried out as per specified
requirements. During sloping, slope stability shall be monitored all the time.
In case of any problem endangering slope stability, strengthening shall be
provided immediately.

e) Construction at night must be carried out under sufficient lighting.



1. The project manager is the first person responsible for the comprehensive
construction safety.

The Positions and Responsibilities for Construction Safety

Personnel of all levels should sign the safety responsibility statement. The
project manager, as the first person responsible for the project safety, should
sign the safety responsibility statement with all departments and leaders of the
construction teams; the leaders of all the construction teams should sign the
safety responsibility statement with the respective subordinate construction
groups and the group leaders.

The project department should set up a quality department with full-time
security personnel, and implement the safe construction responsibility system
as below:

Security Personnel Responsibility System
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For the guarantee system of safe construction, please see figure below.

The Guarantee System of Safe construction

any serious accidents should be avoided so as to realize the safety goal of zero
casualty.



2. The deputy project manager, as the second person responsible, should assist
the first person responsible and undertake the detailed responsibility for
construction safety.

3. A leading group of construction safety should be established with the project
manager as the director, the deputy project manager as the vice director and
leaders of all departments as members. The group should listen to the report of
safety work by the quality department, supervise and examine the project
department's implementation of safety laws and regulations, and the measures
of safe construction, and make decisions on and arrange the work of
construction safety.

4. The quality department should formulate safety measures, examine and
supervise the implementation of them, organize and conduct safety education
and training, and mass activities of safety management, and realize the safety
indexes made by the engineering headquarters. The department is also
responsible for the training, evaluation and management of the personnel of
special types.

5. Leaders of all the construction groups are directly responsible for construction
safety.
• They should provide safety education, organize group members to study

the safety rules and operation methods, and are responsible for the
implementation of them. They should also lead the teams and the
subordinate groups to conduct safe activities.

6. The group leaders should check carefully, before the work of the day starts, the
protection condition for workers, mechanical equipment, construction tools
and safety facilities at the workplace and in the working environment. Any
problems found should be corrected or reported in time so that they can be
handled immediately. The group leaders should also organize safety activities
and report them to leaders of upper levels.

7. Operation personnel in each process should strictly enforce the safety
operating rules, and actively participate in various learning and training to
enhance safety awareness.



The EPC contractor will handle operations and maintenance of the plant for
twenty-five years after the commissioning of the project. However, it is part of
the contract with the EPC contractors that they would provide comprehensive
training and arrange short term courses for the local work force that would
equip them with the necessary knowledge of operating a solar power plant.
EPC Contractor would also be handing out certificates to the local workforce
upon successful completion of the training programs.

Training and development of the local staff and the company personnel is
necessary in the long run in order to independently and successfully run the
plant after the contracted O&M period has expired.

24. Training and Development



Annexure 33

The location, size, type of technology, interconnection arrangements, technical
limits, technical/ functional specifications and other details specific to the
generation facility of the licensee are described in this schedule. However, the
finalization of the EPe contractor is still under process and will be confirmed
in due time.

25. Schedule I
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The power generated from the Quaid-e-Azam Solar Park Bahawalpur shall

be dispered via 132 KV transmission line to NTDC/ MEPCO network. Futhermore,

e Power Evacuation Plan prepared by NTDC is also attached in annexure 25.

If there is any change in the final dispersal arrangement, the same will be

communicated to NEPRA in due course of time.

INTERCONNECTION
ARRANGEMENT FOR DISPERSAL OF POWER FROM

THE GENERATION FACILITY/SOLAR FARt\1
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Detail of Generation Facility

A. General Information

I Name of I
1 Applicant/Company I Quaid-e-Azam Solar Power (private) Li

11
Registered/Business 3rd Floor, 83A - E/l, Main Boulevard,
Office Gulberg III, Lahore

... Plant Location Lal Sohanra, Bahawalpur111e Type of Generation
IV Facility Solar Power

B. Solar Farm Technology & Capacity

Type of Technology Photovoltaic
I crV) Cell
11 System Type Grid Connected
... Installed Capacity of Solar 100MWp DC111 Plant (MW)

C. Typical Solar Equipment Details

e
a) Solar Module

• Type of Module - Polycrystalline

• Grid Connected

• Ground Mounted

• Fixed-Tilted

• Nominal Power- 100MWp DC



c) Transformers

l. Transformer Power 132 kV

11. Type of Transformer Step-up Out door type

d) Lightening Protection and Ear thing and Grounding System

1. Number of Light Arrestors Available

e) Testing and Measurement Equipment

1.
Multimeter (volt, amp, resistor)

.. Irradiation Meter
11.

.,. Mega Resistor Meter
111.

lV.
Earth Resistor Meter

f) Control Room

1. Data Record Continuous data logging with data
logging software

.. Computerized data acquisition11.
Control Room System

I system
g) Mounting Structure

1. Structure Use Array frames
I 11. Array Specification Certified for seismic and wind
i I
I I requirements

... Mounting Structure I Sustainable for 25 years111.

h) Grid Connection
l.

Type of Control Room
Control building for grid

connection supervision available

b) Inverter
• For DC to AC conversion

• Nominal Power- 100 MW



1.

Expected Life of Project from
Commercial Operation Date

(COD)

25 Years

D. Other Details

ll.
Data Record

Continuous logging with data

...
logging software

ill. Computerized data acquisition
Control Room System

system I



Annexure 34

The total installed gross ISO capacity of the generation facility, total annual full
load (hours), average sun availability, total gross generation of the generation
facility (in KWh), annual energy generation (25 year equivalent net AEP) KWh
and net capacity factor of the generation facility of licensee is given in this
schedule.

26. Schedule II



All the above figures are indicative as provided by the Licensee. The Net
energy available to MEPCO for dispatch will be determined through
procedures contained in the Energy Purchase Agreement.

I Note

1 Total Installed Gross ISO Capacity of the 100MWpDCGeneration Facility I Solar Plant (MW)

2 Total Annual Full Load (Hours) 1865

3 Average Sun Availability 5.18 hours per
day

4
Total Gross Generation of the Generation 160,313,000 kWh

FacilityISolar Farm (in kWh) per annum

5 Annual Energy Generation (25 year 3,727,585,500
equivalent Net AEP) KWh kWh

6 Net Capacity Factor 18.2%

SCHEDULE-II
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