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

Ref No: (YAS - IQZDQ/25‘DB April 23, 2014

The Registrar

National Electric Power Regulatory Authority
NEPRA Tower Attaturk Avenue (East)

Sector G-5/1

Islamabad
Subject: APPLICATION FOR GRANT OF GENERATION LICENSE IN THE NAME OF QUAID-E-
AZAM SOLAR POWER (PRIVATE) LIMITED FOR 100-MW (PV) SOLAR POWER
' PLANT AT BAHAWALPUR.
Dear Sir

I, Najam Ahmed Shah Chief Executive Officer, being the duly authorized representative of Quaid-e-Azam
Solar Power (Private) Limited by virtue of Board Resolution No. QAS/02/13-4 dated 13 February 2014,
hereby apply to the National Electric Power Regulatory Authority (NEPRA) for the grant of a generation
license to O,uaid—e—'Azam“Sfo'larr'ébwef (Private) Limited for setting up of a 100-MW Solar Power plant
pursuant to Section 15 read with Section-7{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

commercial operations.

| 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. | 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.

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

Yours Sincerely

N oA W
NAJAMAYMED SHAH

CHIEF EXEQUTIVE QFFICER
QUAID-E-A2AM SGLAR POWER (PRIVATE) LIMITED

3rd Floor, 83-A E/1, Main Boulevard, Gulberg III, Lahore, Pakistan. +92 42 923 7063 www.qasclar.com
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Quaid-e-Azam Solar Power (Pvt.) Ltd. Goverament of punjab

Ref Noﬂ%/@ /254,

February 25, 2014

Chairman
National Electric Power Regulatory Authority

' Islamabad

Subject: BOARD RESOLUTION FOR 100 MW POWER GENERATION LICENSE FROM NEPRA

Dear Sir

In the 8% Board meeting the following resolution was passed by the Board members unanimously,

extract of resolution is given below

Resolved that Quaid e Azam Solar Power Pvt Ltd to apply for power generation license to NEPRA for
100 MW project
Further Resolved that BOD authorized the Chief Executive Officer to Correspond with NEPRA for

‘ Power generation license.

Extract certified to be true copy

Muh3a ad Badar Ul Munir,ACA

Company Secretary

Company Secrefary A
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3" Floor, 83A/E-1, Main Boulevard, Gulberg Ill, Lahore
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BEFORE

THE NATIONAL ELECTRIC POWER REGULATORY AUTHORITY

AFFIDAVIY of MR. NAJAM AIIMED SHAH S/0 Mr. Aftab Ahmed Shah, CNIC No. 421019779292
-5 resident of  B-18, GOR 6, Mohala [erozpur Road, Lahore, Pakistan and authorized
representative of Quaid-c-Azam Solar Power (Private) Limited, 3* Floor, NIB Bank Building, 83-A,
L2/1, Main Boulevard, Gulberg-111, Lahore (“Company”).

[, the above named deponent, do hereby solemnly affirm and declare that:
1. T am the Chicf Ixccutive Officer of the Company.

2. T am the authorized representative of the Company by virtue of Board Resolution No.
QAS/02/13-4 dated 13™ [ebruary 2014,

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

4. I also affirm that all further documentation and information to be provided by me in
conncction with the aforesaid Generation License Application shall be true and correct to
the best of my knowledge and belicf.
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VERIFICATION !
It 1s 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 v
nothing, material or relevant thereto, has been concealed or withheld there from. ;
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No. PPDB/___JC l:{ 12014
PUNJAB POWER DEVELOPMENT BORARD
___ EMERGYDEPARTMENT

1% Floor, Central Design Building,
Irrigation Secretariat, Old Anarkali, Lahore
(Ph: 042-99213877 Fax: 99212796)

Date_jJ ——n ) = 12014

L M/s Quaid-e-Azam Solar Power (Pvt) Ltd.
Suit # 503, 5" Floor, Shaheen Complex,
Egerton Road,

Lahore

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

Bahawalpur.

Reference: Your request to PPDB through letter No. QAS/02/10-4 dated
February 10", 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.

Your Company has submitted Feasibility Study Report (the “FSR’) of the
Project, alongwith your statement of qualification to PPDB. 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 PPDB appointed Panel of Experts (POE). This LOl is being
issued to your Company on behalf of Government of the Punjab, without submission of
Bank Guarantee to PPDB, subject to the following:-

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

N\ 1) Environmental impact Assessment Study,
o 2) Detailed design of power house,
\B(/ 3) Load flow and stability studies, design of interconnection/transmission
lines,

4) Details pertaining to infrastructure, Project cost, its financing and terms &
conditions, and

5) Tariff calculations and assumptions of financial calculations including
economic and financial analysis.

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




*

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

This LOI has been issued in duplicate on the date hereof, and it shall come
into effect when one CcOpY hereof is received by PPDB after having been duly
countersigned by-youN evenbelessrtmsJ,QLshalHapseAMh&cgunte;signed—eepy—i&netm -
received at PPDB within thirty (30) days of its issuance. '

{
(MS. SANIYA AWAIS)
Managing Director
Punjab Power Development Board
Accepted and agreed

for & on behalf of
Dated: t (1‘( ’ 17

Chairman Board PPDB Government of Punjab, Lahore

Secretary, Ministry of Water & Power, Islamabad

Chairman, P&D, Government of the Punjab, Lahore

Additional Chief Secretary Energy Department, Government of the Punjab, Lahore.
Chairman, NEPRA, Islamabad

Secretary to Chief Minister Punjab.

Chairman WAPDA, WAPDA House Lahore

Chief Executive Officer MEPCO Khanewal Road Multan

Chief Executive Officer Alternate Energy Development Board, Islamabad
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NATIONAL TRANSMISSION & DESPATCH CO. LTD

Chief Operating Officer /
General Manager (CPPA) NTDCL

No. GM/CPPA/CE-I/MT-IV/OQSPPL/ \ | ”;5’"'35 Dated: || /632014

The Registrar,

National Electric Power Regulatory Authority,
Government of Pakistan,

NEPRA Tower Attaturk Avenue (East),
Sector G-5/1, Islamabad.

\Y

Fax 051-9210215 .

Subject: Power Acquisition Request for Purchase of Power from 100 MW Solar
Power Project offered by M:53 Quaid-e-Azam Solar Power (Pvt) Limited
(QSPPL) at Lal Suhanra against Upfront Tariff for Solar Power Projects

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.

- Following information required vide Clause (4) of above mentioned NEPRA Regulation, on
prescribed formats (Schedule 1) are also enclosed for supporting the request:

.Form | (2.of 2): _
. Peak Demand at Interconnection Points (Grid Stations) of NTDC & DISCOs
Form 1l (1 of 2):

% /o

Peak Load
-~ Information about Generation Capacity under Proposed Procurement Request

a. Form 1 (1 of 2):
% \T"D|SC’O—Wise Peak Demand & Dem_and at Interconnection Points (MW)
X

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

N

DA/As above - :
!,,(__ /(/ﬂ'/‘/\’l » E
(TAHIR MAHMOOD i// :
General Manager (CPPA) NTDCL
CC to:

i.  Chief Executive Officer AEDB, 2™ Floor, OPF .Building G-5/2.

i. MDPPDB, 1% Floor, Central Design Building, Irrigation Secretariat, Old Anarkali, Lhr.

\/'rn’. Mr. Najam Ahmed Shah, Chief Executive Officer, M/s Quaid-e-Azam Solar Power (Pvt)
Limited, 3 Floor, NIB Bnak Buildng, 83-A, E/1, Main Boulevard, Gulberg — llI, Lahore.

CO0/GM({CPPA) 229-WAPDA House, Lahore, Pakistan TEL:+ 42 99203515, Fax:+92 42 99201179 www.ntdc.com.pk

CE-lI{CPPA) 6" Floor PIA Tower Egervon Rnad Lahore TEL:+ 42 99201489, Fax:4+92 42 99201488 ce2cppa@gmail.com

B ]
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OF
QUAID-E-AZAM 8 ()LAR POWER (PRIVATE) LIMITED

I NAME:
TQUAID-E-AZAM SOLAR POWER (PRIVATE) LIMITED "
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FULL, IN BLOGCK NAME FORMER
LETTERS) (INFULL) | NATIONA 10
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A SUBSC
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QUCUPATION
SHGMATURY

| 2k
COVERNMENT OF THE |4 L%

PUNJAB, ENERGY Ll - -
7%.70‘ b=
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esiare sl Rey FEL Kb
MR. SHER ALI KHAN
37102-1228238-3 pakisani | LubUe
Minister, Energ o S Re
. tinis ’,,’Ep 57 o 1 AlTKhan R
Dapartment, Government o4

the Punjab

MR, IRFAN ELLAHI
35201-1450651-5
Chairman, Planning &
Devealopment Board,
Covernment of the Pm?aiﬁ"":
MR. MOHAMMAD \\!
JEHANZEB KHAN
178018-276764-5

Secretary, Finance
- &
bartment, Govemment of

the Punjab
MR.IRFAN ALI
35202-5336114-7 ) et e
! Secretary, [ndustries Mrmsoies Pakistani .
DERTRA, = Mumtaz AR S
. Department, Government of
i the Punjab

Dated this /(%{/{ day of September, 2013

WITNESS TO THE ABOVE SIGNATURES:

Me,éhamma& Mehran Afzal

Father's Name: Muhammad Afzal Ch.

. Shahsen Complex, Eesrton Rond, Lahors

Oifies No, 303, 5% Floos

Occupation: Advocate High Couwrt
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13.

16.

4par value of Rs. 10,000/~ (Pakistani Rupees Ten Thousand 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 whise name is entered as a member in the Register shall, without payment, be entitied
to receive within ninety (90) days after allotment or within forty five (45) days of the application for
-registration of transfer, 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 shares
held jointly by several persons, the Company shall not be bound fo issue more than one certificate,
and delivery of a certificate for a share to one of several joint holders shall be sufficient delivery 1o

all.
Certificate under Seal

The certificate of title to shares shall be issued under the authority of the Directors or of a commitee
of Directors when authorized thereto by the Directors in such manner and form as the Directors may
from time to time prescribe. The Seal of the Company shall be duly affixed to every share certificare

issued by the Company.

Issuance of New Certificate

If a share certificate is defaced, lost or destroyed, it may be renewed on payment of such fee, if any,
not exceeding one hundred (100) 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.

SHARES, TRANSFER AND TRANSMISSION

Transfer
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 holder of the share until the name of the
transferee is entered in the Register in respect thereof,

Form of Trans{er
Shares in the Company shall be transferred in the form which the Directors shall approve.

Ban on Transfer of Shares

Shareholders shall be limited and restricted in respec
with the provisions of the Shareholders Agreement,

t of their ability to transfer shares in accordance

Closure of Resister

On giving seven days previous notice in the manner provided in the Ordinance, the Register may be
closed for such period or periods not exceeding forty five (45) days in any one year as the Directors
may from time to time determine, but so that the Register shall not be closed for a longer period than
thirty (30) days at a time.

Charge on the Shares

No share can be mortgaged, pledged, sold, hypothecated, transferred or disposed off by any member
Tinlgv, &R » }’P . F Y

10 a non-member without the previous sanction of the Board of Directors.

The Successor in Interest, legal heirs, executors or administrators of » deceased shall be the oniy
ctors as havieg title to the shares. In case of shares registered in
SUCCESSONS In interest, survivors and the executors of the

PEISOns to be recognized by the Dire r
e recognized by the Company as having any bitle to the shares.

By g ;
tie name of two or more holders
Geceased shall be the only persons to
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“THIRD SCHEDULE”

(See section 156)

FORM A- ANNUAL RETURN OF COMPANY HAVING
SHARE CAPITAL

Registration No. . 0085152

Name of the Company Quaid E Azam Solar Power (Pvt) Ltd
Form A made upto (Day/Month/Year) 25 04 , 2014
Date of AGM (Day/Month/Year) 1

PART-A

| Registered office address: 83-A, E-I Main Boulevard Gulberg 111, Lahore.

{ Email Address: cfo@qasolar.com

' Office Tel. No.: 042-35780363

| Office Fax No.: 042-35790366

{rNature of Business: Electricity Generation

Authorized Share Capital

Type of Shares No. of Shares | Amount Face Value

.. \Ordinary Shares._______ 1,000 . 10,000,000/ 10,000,000/
e

{ Paid up Share Capital

i Type of Shares | No. of Shares | Amount Issue Price

Ordinary Shares 1,000 10,000,000/- | 10,000,000/-

' Amount of indebtedness on the date upto which form A is made in respect of all

| Mortgages/Charges |
Particulars of the holding company
Name I N/A
Registration No. | N/A % Shares Held: N/A
Chief Executive
Name | Najam Ahmed Shah I NIC 42101-9779292-5 |
' Address | House No. 6-B, GOR-18, Ferozepur Road, i | 1"
] ' Lahore f E I
Chief Accountant
Name | Muhammad Badar Ul Munir | NIC | 36302-0459420-7
| Address | Kamran Manzil, Bosan Road, Multan ? ! f
Secretary
| Name | Muhammad Badar Ul Munir I NIC |36302-0459420-7
| Address | Kamran Manzil, Bosan Road, Multan | |
Legal Advisor
| Name Abdul Majid Khan
| Address House no. 47, Street 14, Cavalry Ground Extension, Lahore j
Auditors




| Name

A.F Fergusons & Co. Chartered Accountants

| Address: 23-C, Aziz Avenue Canal Bank

Gulberg V, Lahore

19 | List of Directors on the date of Form-A

Name of Director Address

Nationality |IB NIC (Passport No. if foreigner)
i | T i

1. Najam Ahmed Shah | House No. 6-B,
GOR-18, Ferozepur
! Road, Lahore

Pakistani |

al21foit|9l7|7]
i
i

2. Sher Ali Khan | Energy Department,
Old Anarkali,

Lahore

9?2 9
E

Pakistani
31711101211 121218;218

LI

Lo

3. Irfan Elahi Planning And

| Development
Department, Civil
Secretariat, Lahore

Pakistani Loy

Ly
[9)]
[\
<
I
[9)]
<
N
[9)]

4. Muhammad Jehanzeb ; Finance Secretary,
Khan ¢ Civi] Secretariat,
Lahore

Pakistani !

5. Irfan Ali Industries
| Department, Civil
i Secretariat, Lahore

Pakistani | |

6. Syed Maratib Ali | 23 Aikman Road,
| GOR 1, Lahore

Pakistani

V5]
W
o
<
b
W
)
L2
N

4. Arif Saced — - — ! Service Industries-— Pakistani - S S f— R N

Limited, Servis
| House,-2 Main.. -
Gulberg, Lahore

1
|

8. Tariqg Hameed 83 G, Gulberg I,
Lahore

| Pakistani

(%]
[9)]
[\
<
[\
[\
[9)]
I

9. Muhammad Ali House No. 184,
Khokhar Street No. 36, Sector
F-10/1, Islamabad

Pakistani

w
w
N
<
N
)
)
w
S S ATA S A

93]
N
(O8]
o)
3%}
-~
w
\O
‘ o]
N

LUMS Opposite
Sector U, DHA,
Lahore 54792

10. Arif Igbal Rana

Pakistani

W)
[9)]
[\
<
[\
[\
[9)]
~J
N
<
[9)]

(9%

11. Muhammad Afzaal |5 Club Road, GOR
Bhatti 1, Lahore

Pakistani

L2
[9)]
~J
N
=
[9)]

I 2

(O3]
w
[\
o)

(98]

12. Rehman Naseem Tipu Sultan Road,
. Mutltan Cantt

Pakistani 6

o
=
()
W
(%]
~
oo
~
Nel

LI

13. Junaid Fareed | RECH, Township,
i Lahore

i
Pakistani |5/ s 1o 1 120013 622}8 6

Debenture holders

PART-B
20. List of members & debenture holders on the date upto which this Form A is made
Folio Name | Address | Nation-! No. of NIC (Passport No. if foreigner)
; ality shares
Members | [
N/A | 3 1
|
l

N/A

i
I l
| J |
1 | [




***Use separate sheet, if necessary***

21.  Transfer of shares (debentures) since last Form A was made i
Name of Transferor Name of Transferee Number of shares transferred Date of registration of transfer

- Members
N/A
Debenture holders

1 N/A

***Jse separate sheet, if necessary***

22. | 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

Date 26-04-2014 1 Day | Month| Year J Signature |
- i i |

‘ Designation (Please tick) { Chief Executive/Secretary

— A

| 3‘ INSTRUCTIONS FOR FILLING FORM-A

1. 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.

- 2 Under nature of business, please give precisely the specific nature of business in which.the .
company is engaged.

(V8]

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. 11.

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.

. S. 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.

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

8. In case of foreign nationals, indicate “passport number” in the space provided for “NIC

No.” Pakistani nationals will only indicate “NIC NO.”

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




Profile of Applicant’s Management

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

Najam Ahmad Shah

Najam, an Electrical Engineer by first degree, holds a Masters in Manufacturing
and Supply Chain Management from Cranfield University, UK. Mr. Shah, a
Frulbright Scholar and an Fisenhower 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.

Dr. Rana Abdul Jabbar Khan

Dr. Rana Abdul Jabbar Khan, currently providing his services to Quaid-e-
Azam Solar as Chief Operating Officer, 1s 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 of Wollongong, Australia.

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 2 member of several engineering associations in Australia, the

11



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.

Muhammad Badar Ul Munir

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.

Sayyed Mubasher Masood

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.

Syed Raza Ali Zaidi

Mr. Zaidi currently works as Procurement Manager at Quaid-e-Azam Solar
Power (Pvt.) Limited. His responsibilities include timely procurement of all
technical equipment requited for the erection of 100MW Solar 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.

Ahmad Shamyl Akhlaq

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



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

Rehman Ur Rauf

Mr. Rehman is a fresh graduate from University of Wisconsin, USA, with
Bachelors in Mechanical Engineering. He is curtently 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
1s interested in pursuing his career in Alternate energy as he believes it to be the
answer to the energy crisis in Pakistan.

Syed Taha Bin Tariq

M. Taha, currently employed as a Research Associate, is a fresh graduate from
LLUMS with a Bachelors Degree in Electrical Engineering. He has a vast
experience of several electrical power projects during his internships m T
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.

13



9.  Ewvidence of Financial Resources

Annexure 12
Annexure 13

Annexure 14




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

_Lahore, the February 11, 2014

The Chief Executive Officer,
Quaid-e-Azam Solar Power (Pvi.) Lid.
Suit 503 — Shaheen Complex,
Egerton Road, Lahore.

Subject: LETTER OF INTENT FROM PUNJAB GOVERMMENT

[ 'am directed to refer to your letter No.QAS-14/02/01-02 dated 31.01.2014

on the subject noted above.

2. I am further directed to convey confirmation of our intent to finance the

100 MW Quaid-e-Azam Solar Power Project at Bahawalour through equity participation to

the extent of 30% of the estimated project cost of Rs.16.5 billion approximately.

\alw—
—

(FATIMA TAKIR)
SECTION OFFICER (W&M)

C.C.

Managing Director, Punjab Power Development Roard

!
it o

DiBackews me on 1 -0 Fomae Profec of TOOMW. doc 12




The Bank of Punjab

Head Office, BOP Tower,

Main Boulevard, Gulberg-3, Lahore

Tele No. 111-200-100; Fax No. 042-35783781

THE BANK OF PUNJAB

Date: February 8! 2014.
Ref No: C&IBG-1I/HO/ BOP/043/2014.

Mr. Najam Ahmed Shah

Chief Executive Officer,

Quaid-e-Azam Solar Power (Pvt.) Ltd.

503, Shaheen Complex, Egerton Road,
‘hore.

béar Sir, .
100 MW Solar Power Project

With reference to your letter No. QAS-14/02/01-01 dated January 31%, 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 QA Solar Project.

We, hereby confirm that BOP is in the process of considering your request to part finance for a 100 MW
Solar Power Project to be set up at Quaid-e-Azam Solar Park, Bahawalpur which is expected to have a
project cost of around US Dollar 130-150 Million equivalent to approxlmately Pak Rupees 14.30 - 16.5

billion with a loan repayment tenor of around 10 years.

This finance shall be available to you on terms & conditions which shall be subsequently advised to you
clearance of the subject financing by our Board of Directors, internal cred:t approvals and

n
&phance with all SBP Prudential Regulations.

Assuring you of our best cooperation & assistance.

ey A

Nasir Mehmood
Unit Head Investmekt Banking Head C&IBG-II




b —]
— i’}

--Quaid-e-Azam Solar Power (Pvi )Ltd "i} /&__

Quaid-c-Azam Solar Power (Pvt.) Limited

TO WHOM IT MAY CONCERN

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

3" Floor, 83A/E-1, Main Boulevard, Gulberg Ili, Lahore




12. Project Cost and Financing

Given below 1s the detail of estimated project cost and its financing:

" Project Cost

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 Hngineering, Procurement & Construction (EPC) Cost, Project
Development  Cost, Technical Consultants/ Quality Assurance, ILegal/
Iinancial 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

CEL

EPC Cost 13,500.0 | 135.0
Project Development Cost/ Other Capex 200.0 2.0
Technical Consultants/ Quality Assurance 100.0 1.0
Legal/ Finance Consultants 50 0.5
Interest During Construction 603.4 6.0
Contingencies 545.0 5.5
Total 15,000.0 | 150.0

* [inancing Plan

The project will be financed with a debt equity combination of 75:25. The
cquity 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.

Debt 75% | 11,250.0
Total 100% | 15,000.00




15. Feasibility Study

The feasibility study for this 100 MWp DC Solar PV Plant was carried out by
the consultants of the applicant 1.e. JV of IECSP and 8P2 (German Experts in
Solar PV). This feasibility study (Annexure 22) includes all the technical aspects

and financial analysis required for the plant.

The Panel of Experts (Polf) appointed by PPDB has reviewed the feasibility
study and their approval 1s provided as Annexure 23.

Annexure 22

Annexure 23




Feasibility Study

Type of Report: Feasibility Study

Plant: Quaid-e-Azam

Operator: Quaid-e-Azam Solar Power (Pvt) Limited
Report Number: 13K4369/Quaid-e-Azam_1/Kd/2013
Date: 2014-02-04

8.2 Ingenieurpartnerschaft Obst & Ziehmann
Brandstwiete 4

D- 20457 Hamburg

Tel: +4940/18 12 604-20

Fax: +49 40 /18 12 604-99

e-mail:  Ralf. Meyerhof@8p2.de

ECSP
83-A, E/1, Main Boulevard, Gulberg-!ll,

Lahore, Pakistan



ECSP

General Data

The company Quaid-e-Azam Solar Power (Pvt) Limited (QA Solar) intends to build a photo-

Quaid-e-Azam Feasibility Study

8.2

voltaic power plant on the site 20 km south east of Bahawalpur in the Cholistan desert.

Assignment
Task:

Client:
Order Date:

Contractor:

Author:

Project Number:

8.2 Ingenieurpartnerschaft Obst & Ziehmann (8.2) was
commissioned to perform a feasibility study to evaluate the

suitability and potential of the site.

Quaid-e-Azam Solar Power (Pvt) Limited

Lahore, Pakistan

2013-12-06
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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.

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.

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.

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.

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 PKR/kWh 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.

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 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 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%.

13K4369/Quaid-e-Azam_1/Kd/2013 Page 7 of 56
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2 Project information and outstanding items

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

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.

2.2 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.

13K4369/Quaid-e-Azam_1/Kd/2013 Page 8 of 56
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3 List of Abbreviations

a Year

A Ampere

AC Alternating Current

BOS Balance of System

CE Conformité Européenne

DC Direct Current

DIN Deutsches Institut fur Normung (German Institute for
Standardization)

DWD Deutscher Wetterdienst (German Meteorological
Service)

EN European Standard

EPC Engineering, Procurement and Construction

h Hour

HTA High Tension between 1 kV and 50 kV AC

HTB High Tension exceeding 50 kV AC

| Electric Current

IEC International Electrotechnical Commission

ISO International Organization for Standardization

kV Kilovolt

kVA / MVA Kilovolt-ampere / Megavolt-ampere

kw Kilowatt

kWh Kilowatt hour

kKWp Kilowatt peak

MWp Megawatt peak

O&M Operations and Maintenance

PR Performance Ratio

PV Photovoltaic

RFP Request for Proposal

TA Technical Advisor

TC Technical Consultant

U Voltage

V Volt

13K4369/Quaid-e-Azam_1/Kd/2013
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4 Overview of Photovoltaic Technology

4.1 Basic Principles of Solar Photovoltaic Plants

Solar photovoltaic plants use the global irradiation (Gl), which is converted into electric ener-
gy. Adequate project locations should offer at least 1.200 kWh/m? per year.
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_ — - | grid-connection [po“cr- ine
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Overview and Principle of a Solar Park substation & J
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Figure 1 Single Line Diagram Photovoltaic System

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 (n)) 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 / m?) under standard conditions (STC, 1000 W/m?, 25°C, AM 1,5), and the

surface area of the solar cell (A. in mz).
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_ Pm
= E x Ac
Pm [W] = Cell power at maximum power point at STC
E [W/m?] = power of global irradiation on cell area
A.[m?) = cell surface area

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 | 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.

Ancther 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/m? an ambient temperature of 20°C and a wind speed of 1 m/s.

Three main cell categories can be defined:
¢ Monocrystalline

o Polycrystalline
e Thin Film

Monocrystalline Technology
The manufacturing process of monaocrystalline cells requires more effort in comparison to
other technologies; however, these cells offer higher efficiency — typically within 15-20%.

The advantages are:
e 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.

e Long lifetime of panels.
¢ Low degradation of maximum 0.1% - 0.5% per year (manufacturer guarantee is 0.7%

degradation per year; however reality proves to be less).

e Lower installation costs.
e More environmentally friendly than other technologies, for example, some thin film tech-
nologies use cadmium. Mono-crystalline cells are not harmful to the environment.

The disadvantages are:

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

speeds.

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

Advantages:

13K4369/Quaid-e-Azam_1/Kd/2013 Page 11 of 56
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e Lower production costs.

Disadvantages:

o Lower efficiency, due to lower purity of the cell material: 13-16% (module size)

o Because of the lower efficiency, slightly more ground surface area is required to reach
the same capacity (as for mono crystalline).

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)
o Cadmium Telluride (CdTe)
e Copper Iridium Gallium Selenium (CIS / CIGS)
o Organic photovoltaic cells

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.

Advantages:

e Easier to manufacture, thus lower costs.

¢ Homogenous appearance.

e Flexible, hence for use at different applications and surfaces.
o | ess affected by high temperatures and shadowing.

Disadvantages:

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

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.
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4.4 [nverter 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 kV as in Pakistan).

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.

13K4369/Quaid-e-Azam_1/Kd/2013 Page 13 of 56
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6 Site Description and Assessment

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).

Fai Sohan

100MWp (Phase 1)

Figure 2 Overview Quaid-e-Azam Solar Park

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.
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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-

200 mm.

: Monthly Rain

30%

20%

10%

00% -

. EEE5zIigapad

Figure 4 Rainfall

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 5 Sail

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.

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-
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logical station of Bahawalpur with maximum gust wind speeds of 20-30 m/s and single
events of up to 40 m/s (~15m above ground).

Number of Storms per Year
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Figure 6 Storms
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 m/s (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 ~110 m river level above
sea level). Recent events of flooding did have no impact in this specific region.
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Figure 7 Risk of Flooding (Source: World Food Programme (http://de.wfp.org/})

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.
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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.

Figure 8 Rodents

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 9 Vegetation

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.
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Figure 10 Dust development

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 11 Superficial digging at the edge of a dune

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 Halopbytic Shrubs for the Cholistan Desert by M. Ab-
dullah,* M. Akram,* W.A. Khan* and N.J. Davidsont)

New and more reliable data is available in the detailed soil study.
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PRI

"Table 3 Soils characteristics of desert field research station, Dingarh, Cholistan Desert

Location Depth Texture ECe pH K* Na* Ca*+ SAR P N

(em) {dS/m) (ppm) (meg/L) Mp2* (ppm) (%)
(meq/L)

- 1. Sandy soils 0-30 Very fine sand 0.08 7.8 39 035 045 047 09 003
30-60 Fine sand 0.10 7.9 39 028 072 046 1.2 0.03
60-90  Fine sand 0.09 79 39 043 047 089 1.5 003
90-120 Loamy sand 0.09 8.0 39 028 050 056 20 003
2. Clay soils 030 Clay loam 0.11 8.5 62 035 080 055 52 004
3060  Clay loam 0.07 8.4 3¢ 047 023 142 45 003
60-90  Loam 0.37 79 335 065 305 052 102 004
90-120 Silty clay 0.34 80 374 098 239 089 150 005

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.

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.
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8.2

The region of Cholistan desert is over all hot and dry as shown in the following table:

January 10 135 20
[February A o178 23
March 12, 282 26 |
April 13 302 26 i
May. . 13 . 365 ; L2717 f
June 14 894 42
July 14 39,0 34 5
August 13 36,8 2,9 ?
‘September 12 329 23 |
october' e et e = 1 et i 11 B . 27'8 2,1 R
Nove;nber 11 - 22’2 . 1,9 o
December 10 155 23
Annua!, average - 2900-3300 i 27,9 2,6 . ‘
Figure 13 Meteo Data Site
Source: SolarGIS and Meteorological Station Bahawalpur District
Sun hours: Hours (* Meteonorm 7°, explanation in )
T Amb: Average ambient temperature

WindVel: Average wind velocity

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.
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Just for information we put together the different sources as a table and diagram.
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Figure 14 Results from different sources for irradiance data
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Figure 15 Comparison of results from different sources for irradiance data

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/m? 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.
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Figure 16 Sun Hours (Source: Meteonorm 7)

Yellow = astronomical, theoretically when the sun is above horizon
B = real, with a global irradiance >120/m? on a plane, facing to the sun position

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 17 Access Road

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.
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Figure 18 HV Power Line 132 kV

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 90° 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 (MDD). 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
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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-l 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 responsibie for the road developments on site.

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

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 fay 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.

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.
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Proposed terconnection Scheme for Evacustion of upto 100 MW Power from
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Figure 19 Interconnection Plan

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.

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
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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.

7 Plant Layout and Description of Technical Equipment

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.
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Figure 20 Power Supply 11 kV (red line)

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

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.
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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.

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).

Figure 21 Infrastructure developments (Access Road, Wall)

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.
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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 pemmitting
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.
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Figure 22 Tentative Schedule

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.

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.
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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.

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.

7.4 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.

7.5 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:

o 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
e Provision of reactive power and control of effective power as required
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9 Energy Yield Assessment

9.1 Solarirradiation data

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/m? instead of sun hours to calculate
energy values. In a first analysis the annual horizontal global irradiation was evaluated at

1920 kWh/m?.

(1999-2011)

Average annual su

00 1600 1800 2000 2200 > kWh/m?2

e S SERBSCL . < 1000 1200
Figure 23 Global horizontal irradiation (GHI) for Pakistan (Source: SolarGIS 2012)

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%.

kWh/m?.mth kWh/m2.mth C m/s
January e 1023 ) tor7 135 20
February 124,0 1238 178 23
March o 179,7 1634 . .232 : .26
April e o . 1985 . 1489 302 .26,
May ..2085 127,9 65 .27
Jure 1903 94,3 , 39,4 , 42
Juy.oooo 1811 : 89 30 o 34
August 184,8 . 17,4 - 36,8 - .29
September 53 1366 329 , .23
October ..160,2 o 1615 278 21
November 151 105 222 19
December 103,0 106,0 15,5 2,3
Annual average kWhim=a 1920,8 w497 2m9 26

Figure 24 Meteo data at site (Source: SolarGIS)
GlobHor:  Average monthly sum of global irradiation in horizontal plane
BeamNor: Average vertical beam to module plane
T Amb: Average ambient temperature
WindVel: Average wind velocity
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8.2 Performance Ratio

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)

PR = 100 X [ Fac ]
Elrradiation XAArrayXNsTc
- Eac = energy-coming from the inverter or measured at the energy meter in kWh
E \radistion = unshaded irradiation at module level in kWh
A Aray = total surface of all solar modules in m?
nstc = module efficiency at STC

The module efficiency (contrary to the cell efficiency) considers the gross module surface

and can be calculated as follows:
n — [4 PModule ]
sTe Modute X 1.000

8.3 Shading analyses

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.
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8.4 Expected losses

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%.

'8.4.2 Description of types of technicai 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.

. 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.

. 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 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
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electrical power output decreases with higher cell temperature and increases with iower cell
temperature. The module model shows this characteristic by means of temperature coeffi-

cients for current and voltage.

. 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: IAM (Inci-
dence Angle Modifier) = 0,05.

. 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 weathering and 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 / degradation is recommended for the overall result.

. 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 cabie
dimensioning for maximum performance, losses normally amount to 1-2%.

. 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 performance

quantity is evaluated here.

. 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.

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.
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8.2

Between “Energy injected to grid” and “Array nominal energy (at STC effic.)” the PR is calcu-

lated.

1921 kWhi/m?*

-2.8%

1962 kWh/m? * 895743 m? call.
efficiency at STC = 16,76%
1959586 MWh

-11.6%

-2.0%

166144 MWhH

~2.0%
\-} 0.0%
0.0%
Nso.0%
NS 0.0%

162901 MWh

NS-0.3%
N.1.9%

160313 MiWh

Loss diagram over the whole year

Horizontal global irradiation
Global incident in coll. plane

Near Shadings
1AM factor on globat

Effective rradlance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to Irradiance level

PV loss due to temperature

Array Soiling loss

Madule quality loss

Module array mismaich loss
Chmic wiring foss

Array virtual energy at MPP

Inverter Loss during operation {efficlency)
Inverter Loss over nominal inv. power
lnverter Loss due ta power threshold
Invertar Lass aver nominal inv. voltage
lnverter Loss due to voliage threshold
Avallable Energy al Invetter Quiput

AC ohmic loss
Extemal transfo loss

Energy injected into grid

-
H

Figure 25 Waterfall diagram of losses
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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.

Irradiation ,
in module plane 2.075 2.216 2.518
kWh/(m**a) T R N
Performance Ratio : e - '
' : 77. : 79.4 v 76.1
(PR) % TS e

Specmc outpu“t“ i .
KWhkwp 1.603 | 1.758 : 1.79175

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

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.

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.

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.
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9 Financial Analysis

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.

9.1.1 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.

9.1.2 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.

9.1.3 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.
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- 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.

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.

EPC Cost USDKWp | USDKWp = USDKWp
Solar Modules 650 ‘ 650 650
e T e T T e
Stucture 10 . 260 550
nveter 130 | 130 130
e A s N e
‘DC-AC -, 10 100 100
Planning 50 50 50
Others , 50 50 | ‘ 50
EPC Proft 120 120 120
Total A 1380 1500 | 1800

Figure 27 EPC cost estimations

Opex - USDKW USDW { USDW
Remote Monitoring h 2,0 * 2,40M“ 2,0
Waperations‘&Méi’ntyenancé‘ 60 90 170
Rep|acement Reser\‘/‘.e;Account 50 ~ 60 - 70
‘é;a;uri’ty ‘ 06 06 Y B
Winsurance 10,1 o 11,3 i ) 13,56
Accountancy and administraion 1,0 10 10
P | e 56 S
Bl T s e

Sum
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Figure 28 O&M cost estimations
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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.

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.

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.

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.

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.

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 1%, 2014.

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.

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.

Annual indexation and exchange rate

13K4369/Quaid-e-Azam_1/Kd/2013 Page 38 of 56




EC S P Quaid-e-Azam Feasibility Study 8 . 2

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 / USD - and to mitigate the uncertainty of this assumption - does not assume any

tariff increases.

9.3.3 Financial Assumptions

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

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

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

9.3.4 Cost Assumptions

Investment cost (CAPEX)

The investment cost or capital expenditure (CAPEX) inciude 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.

Annual cost (OPEX)

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

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 OPEX inflation shall be covered au-
tomatically. For reasons of safety an additional 2,5% OPEX increase every year is assumed.

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.
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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.

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.

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.

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 startlng opera-
tions. The final payment is expected to occur on June 30", 2025.

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

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.
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9.3.6 Summary of Assumptions

8.2

System size (kWp) e KR
Energy yield (kWh)  KWhKWp

Annual degradatlon of module eff clency %

- 100.000
e 555
0 3%

Start of operatlons
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Total debt usD 105.000.000 !
‘Nominai\interest - : : % | 13,5%
jTenor i : . Years , 10 ,
vGrace penod before repayment of prmc:pal o ‘ Months o 6
Equuty Ratio - - % - 30%
szlmum DSCR B e T 1,38'/ I

{ Debt Servnce Ratno Account (DSRA) k Months ‘ , 6 ;
| Flrst quarterly payment due e R o Date o 30.06:2615
Date of final payment " pate 130.06.2025 |

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.

'L Llfetlme Production Gwh . 3.751 i
Equity nesded | usbk 45000
Debt needed - s UsDk 105000 |
Tarrif : | PKR/KWh 1730
;DSCR min o § - : 1,38

Figure 29 Financial Results Base Case - 1

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.

I Tow mow |
NPV at 10% | UsDk 20994
' Payback Equity ; ' Years 5. -1
LCOE at 8% | USDKWh 012 |
inie T T T TR

Figure 30 Financial Results Base Case - 2
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The table below shows the details of the of the cash flow calculation of the base case in USD.

QA Solar

Cash flow projection

Fix/CR
2014

2015

2016

2017

2018

2019 2020 2021 2022

2023 2024

8.2

Income

Operational Expenses

Remote Monitoring -16.667

2.243.727 30.855.118 30.762.553 30.670.265 30.578.254

30.486.520 30.395.060 30.303.875 30.212.963

2025

30.122.324 30.031.957 10.785.657

2026 2027

10.753.300 10.721.040

-205.000 -210.125 -215.378 -220.763 -226.282 -231.939 -237.737 -243.681 -249.773 -256.017 -262.417 -268.978 -275.702
Operations & Maintenance -50.000 -615.000 -630.375 -646.134 -662.288 -678.845 -695.816 -713.211 -731.042 -748.318 -768.051 -787.252 -806.933 -827.107
Replacement Reserve Account -41.667 -512.500 -525.313 -538.445 -551.906 -565.704 -579.847 -594.343 -609.201 -624.431 -640.042 -656.043 -672.444 -689.256
Security -822 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500 -62.500
Insurance -84.375 -1.012.500 -1.012500 -1.012.500 -1.012.500 -1.012.500 -1.012.500 -1.012500 -1.012.500 -1.012500 -1.012.500 -1.012500 -1.012.500 -1.012.500
Accountancy and administration -8.333 -102.500 -105.063 -107.689 -110.381 -113.141 -115.969 -118.869 -121.840 -124.886 -128.008 131,209 -134.489 -137.851
Other Costs (incl. Initial financing cost): -46.833 -576.050 -590.451 |, -605.213 -620.343 -635.851 -651.748 -668.041 -684.742 -701.861 -719.408 -737.393 -755.828 -774.723
Total operational costs -248.697 -3.086.050 -3.136.326  -3.187.859  -3.240.681 -3.204.823 .3.350.318  -3.407.201 -3.465.506 -3.525.269 -3586.526 -3.649.314 -3.713.672 -3.779.639
Interest expenses 0 -14.398.513 -13.797.697 -12.925724 -11.928.939 -10.792764 -9.494.121 -8.011.085 -6.317.474 -4.383388 -2.174.681 0 ] 0
Repayment principal 0 4420106 -6.141.115 -7.013.089 -8.008.874 -9.146.049 -10.444.691 -11.927.727 -13621.338 -15555.425 -17.764.131  -9.806.665 0 0
Interest on Current Account 39.901 251633 423.666 424,073 424.490 424918 425357 425.806 426.267 426739 325.902 127.010 29.452 29973
Payments into/out of operating account -49.739 -567.471 -10.055 -10.307 -10.564 -10.828 -11.099 -11.377 -11.661 -11.953 -12.251 -12.558 -12.872 -13.193
Payments into/out of DSRA account -1.945.291  -8.024.115 0 0 0 0 0 0 0 0 5066.074 _ 4.903.333 0 0
CF before tax and distribution 39901 9459709 8101024  7.957.358  7.812687  7.666.974 7520.187  7.372.290 7.223250  7.073.029 11.886.343  2347.463  7.056.208  6.958.181
Income tax 0 0 0 0 0 0 0 0 0 0 0 0 0
Net Cash flow 39901 9.459709 8101024 7957359  7.812687  7.666.974 7520187  7.372.290 7.223250  7.073.029 11.886.343 2347463  7.056.208  6.958.181
Status operating account 49,739 617.210 627.265 637.572 648.136 658 965 670.064 681.440 693.101 705.054 717.305 729.863 742.734 755.928
Status DSRA account 1945291 9969406  9.969.406  9.969.406 9.960.406 9.969.406  9.969.406  9.969406  9.969.406  9.969.406  4.903.333 0 0 0
QA Solar Fix/ CR

P&L projection 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Income 2243727 30855118 30.762.553 30670265 30578254 30.486.520 30.395.060 30.303.875 30.212.963 30.122.324 30.031.957 10.785.657 10.753.300 10.721.040
Operational Expenses -248.697  -3.086.050  -3.136.326  -3.187.859  -3.240.681  -3.204.823  -3350.318  -3.407.201 _ -3.465.506  -3.525.269 -3.586.526  -3.649.314  -3.713.672 -3.779.639
EBITDA "7 1995030° 27.769.068  27.626.227  27.482.406' 27.337.573° 27.191.697° 27.044.742° 26.896.673  26.747.457  26.597.055’ 26.445432°  7.136.343 7.039.628"  6.941.401
Interest expense 0 14398513 _13797.697 -12.925.724 -11.929.939 -10.792.764 -9.494.121 -8011.085 -6.317.474 -4383388 -2.174.681 0 0 0
Interest income 0 251633 423,666 424,073 424,490 424918 425.357 425.806 426.267 426.739 325.902 127.010 29.452 29973
Depreciation -6.000.000 -6.000000 -6.000.000 -6.000.000 -6.000.000 -6.000.000 -6000.000 -6.000.000 -6.000.000 -6.000.000 -6.000.000 -6.000.000 -6.000.000  -6.000.000
Earnings before Tax 4004970  7.622.188  8.252,195 8980755  9.832125 10.823.851 11.975.977 13.311.394 14.856.250 16.640.407 18.596.652  1.263.353  1.069.080 971.375
Income tax loss previous year 0 0 0 0 0 0 0 [ 0 0 0 0 Y] 0
Income tax loss canTied forward o 0 [} 0 0 0 : 0 0 0 0 0 0 [} 0
Nominai income tax 0 [} 0 0 0 0 0 0 0 0 0 0 0 0
Income tax payable (t.b.paid next Period) 0 ] 0 0 0 0 0 0 0 0 0 0 4] 0
Profit after Tax -4004.970 7622188 8252195 8980755 9832125 10.823.851 11.975977 13.311.394 14.856.250 16.640.407 18.596.652  1.263.353  1.069.080 971.375
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Figure 31 Financial Results Base Case - Details
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9.5 Sensitivity Analysis

9.5.1 Sensitivity input parameters

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.

§ytm size p)
‘Energy yield (kWh)
‘Annual degradation of mod

21,73 PKR @ 110 PKRIUSD _
9,76 PKR @ 110 PKR/USD

Income tax % ! 0% R

‘Depreciation period CAPEX -~ i Years . 25 ; -

Depreciation period ﬁnancmg cost Years 25 i
‘Interest on fiquid funds k i i ;

148.500.000

EPC Cost ]

. USD___| 135000000 121,500,000 _+15/-10%
.Development and other CAPEX .~~~ S UsSD - - 2,000.000 . {QAotherCapex - -~ . - . . -
Technical Consuttants / Quallty Assurance usD 1.000.000 . .82, ECSP...
Legal / Finance Consultants . [ USD i -1.000.000 e T
Interest during construction . usD 7329375 WCatDebtrate . .

\Contingencies - o T TTTyUsDo T

Tum-| keymvestment cost ) usD

3.670.625

Remotermtonng T 0 ¢ 200

bperahons & Maintenance UsD 600.000 - -

Replacement Reserve Account : UsD i . 500.000 -

‘Security . UsD : 62,500 | 15 people. -

Insurance e R LA ¢ - 10) 1.012.500 . : '0,75% of EPC Capex

-Accountancy and administration UsD 100.000 | i

Others N . usD 562.000 : :
Total annual cost usbD . 3.037.000 3.340.700 | 2.429.600

‘Annual Inflation beyond mdexaﬂon % : 25% : 50% i 00% .

Kibor +3% -

‘Nominat interest Sl : % . T135% . 15% L B%

Tenor Years e

Grace period before repayment of principal - - Months . - .
‘Equity Ratio %

Minimum DSCR ik : s ;
‘Debt Service Ratio Accoug!_(p_SRA) Months j
First quarterly payment due (...Date .0 30062015 - . 0 . . !
‘Date of final payment Date 1 30062025 . ... .. .. - .
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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.

Uncertainty Analysis : Electricity Production

25%

1700
1650 - e

I R
1600 »
1550 —— e
1500
1450 {-
1400 . S

- 5%

1350
1300

B =~ Production kWh/ kWp
- 15% :

Value

F 10%

w===|RR %

0%

C D N D O DO L O
@Q)qu‘b@rbqb@&zquoo Q‘L o Q

K\ <</+Q 406

Pessimistic —=——> Optimistic

Figure 32 Uncertainty Analysis - Electricity Production
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The assumptions on CAPEX will 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.

Uncertainty Analysis : CAPEX :
1600 - e W1/ !
1400 4 ——— T
1200 : e [ 20%
- uumm"""“‘“mwm | . e Capex USD/KW
3 1000 7 e - 15%
3 800 —r"
600 b 10%
400 ~===|RR %
- 5%
200
: 0 0%
F &P E PSP S &
4“6 & Aq’é

Pes_simisfic ———> Optimistic

Figure 33 Uncertainty Analysis - CAPEX

The assumptions on Interest of debt do have the least influence. But they cannot be hedged
and will stay as an uncertainty.

Uncertainty Analysis : Interest on Debt
15,0% "" 20%
I
H m‘“"“’LM%M [ % £
: 14,5% +— e 18 ;
{ 16% i
0, - 9,
) 14.0% 14% ====Interest % p.a. ;
: g 13v5% [ S . 12% «
3 - 10%
. 13,0% T os% :
12,5% - 6% ~==IRR % !
- 4%
12,0% L s
11,5% 0% ‘
O & DS O D O D L .
E P P P S eo@b & P @
$E© 4&\9 406
| S . 1 2SSIMISHC ———————> Optimistic ,

Figure 34 Uncertainty Analysis - Interest on Debt
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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.

KWH KWp 1. 1664

Productlon 1555 ) ) 1555 1555 1555 1555 1.555  1.555
(Opex i \USD/KW 30 30 3 30 24 30 30 30 30 30
Opexindex  %pa 25%  25% 25% 25% 25% 00%  25% 25% 25%  25%
(Operations 2014 ‘Months S I R I 13 I D N
Interest  %pa  135% 145% 135% 135% 135% 135% 135% - 13,5% 125% 135% 135%
Teror  Years 10 10 110 10 M0 10 10 10 10 ,,10 , 10 10 M0 12 o
‘Equity % 30 '30%  30%  30% 30%  30% 40%  30% 30% 30%  30%  '30%  30% 30%

L:fetlme Productqg ~Gwh
Eqmty needed S USDk 7 . 45 000 { 45.000 ) _ ,
Debtneeded = USDk 05.000  105.000 ; 105,000 | 105.000 | 105563  105.380 . 105. 000 . 90.000 105, 000  105.000 105,000 103. 874  104.620 1 105,000 . 105.000
Tarrif | PKR/KWh 1730% 1730% « 1730% | 1730% = 1730% i 1730%;_ 1730% - 1785% | 1730% | 1730%  1730% . 1730% . 1730% '@ 1588% 1730%
'DSCR min 1,38 127 138 1, 1,38 160 148 1,38

45000 | 45241 | 45163

)+ 45000 | 44517 | 44837 . 45000 | 45.000 |

%

17,0%

RR 17,0%
NPVat10%

USDk 20,994 0.994 | 2507 0316 20.994
PaybackEquity ~ Years = 5 7 5 5 5 5 , 4 - 5 5
LCOEat8% USD/_kWh 0,12 o 0,12 0,712 : 012 0,/1/2 ‘ 0,12 ] 0,12 : 0,12 ) 0,11 0,12_ 011 011 B 0,412“ 0{,12 N 9,12
WACC % 1a5% RN 145%  141% 0 142%  147%  145% - 149% EH60%T 145% | 148% | 153%  144% . 145%  145%

Figure 35 Uncertainty Analysis - single Variations
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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.

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

- lrradiation: +/- 7 %,

-  CAPEX: +10 /-10 %

- Equity/ Debt ratio:  30/70 and 40/60
- Tenor: 10 and 12 years

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 / Debt ratio and Tenor:

Year 11 (13)-25 Blended |

'Years  Year 1-10(12)

R T e = o
T e N T
S e e e
- T e T e

Figure 36 Financing 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.

: i , xpecte ? P2
‘Production KWH kWp =~ 1.479 1500 = 1.533 | 1544 = 1,555 | 1.566 | 1.577 | 1608 |  1.631
'Degradation . %pa.: 044% . 040%  034% . 032% . 0,30% : 028% 026% . 020% | . 0,16% N
{Capex USD/KW 1.445 1418 | 1.377 | 1.364 1350 | 1337 1323 | 1283 ;| 1256 |
{Opex S USDKW i 325 1318 | 310 {-307 : 304 & 298 . 292 . 273 | 261 |
{Opex Index % p.a. 43% | 38% 3,0% | 28% 25% | 23%  20% | 13% 0,8%
‘Operations 2014 . Months /' - 03 -1 05~ | 08 09 -t 120114 42 0 24
Interest % p.a. 142% | 140%  137% | 136%  13,5% . 134% ' 133% | 13,0% 12,8%
Tenor L “ Years - i .10 - 10 10100 4 10 1200 12 2.0 12
{Equity % 0% | 40% 40% | 40% 30% : 30%  30% 30%  30% |

Figure 37 Uncertainty Scenarios
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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.

Uncertainty Analysis : NPV and IRR in Scenarios
60.000 35,0% ,
B0.000 - b 30,0% |
, 40000 1+ T 29% NPVt 10% USDK |
S 30000 1 T 200%
> 000 15,0%
10.000 1 100% T RR% f
0 5,0% é
-10.000 0,0%
(y’b & & & QQ;}“b & o°°b ¢ o°°b

@ & &
. Pessimistic ————-----> Optimistic

Figure 38 Uncertainty Analysis - Scenarios - NPV & IRR

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

%

IRR

NPVat 10% _UsDk 4.765  20.994
Payback Equity . Years 6 5 1 5
LCOEat8% USD/KWh 012 012 . o012 )1
WACC | IR 142% = 145% = 145% . 149%

Figure 39 Uncertainty Analysis - Scenarios - Results 1

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.

Lifetime Production _ GWh 3751 3789 - 3827
Equityneeded - USDk™ | 45,000 : 44.511 ' '44.02
Debtneeded _USDk '

Jarrf ... PKR/KWh SR : ‘ ¢
DSCR min ‘ T ‘

Figure 40 Uncertainty Analysis - Scenarios - Results 2
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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.

Production KWh/ k€Wp  1.555 1705 1.858
Degradation %pa 0,30% 030% 030%
Capex  USDIKW 1.350 1500 1.800
Opex USD/KW 30,4 35,5 46,7
Opex Index % pa. 2,5% Co25% 2.5%
Operations 2014 Months 1 T 1 1
Interest  %pa. 13,5% 135% O 13.5%
Tenor Years 10 10 10
Equty % 30% . 30% ' 30%

Figure 41 Instaliation Variations - Input Parameter

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.

out - Basic
Lifet_ime Production 4113
Equity needed USDk 49728
Debt needed ’ USDK 116.032

Figure 42 installation Variations — Results 1

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

IRR o %

NPVat10% . USDk
Payback Equity . Years
LCOE at 8% USD/Wh §F o118

Figure 43 Installation Variations — Results 2

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 nhumbers corre-
spond to higher energy output and higher CAPEX and OPEX numbers for the single axi

tracker. )

13K4369/Quaid-e-Azam_1/Kd/2013 Page 50 of 56




ECSP 8.2

Production -143 148 -149  -150 51 152 . -156 -

Degradation 0% 0% - 0% 0% . 0% 0% & 0% i 0% . 0%
Capex U -161 158 -153  -152 ~ -150  -149  -147  -143  -140
,Opex USDKW 56 -5,5 54 . 52  -52 .51 50 . -49 | -48 = -44

Figure 44 Installation Variations — Fix vs Single Axis 1

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

Dutp

‘Lifetime Production GWh
Eqity needed USDk
Debt needed USDk

Figure 45 Installation Variations ~ Fix vs Single Axis 2

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 optimistic cases with more energy produced from a single axis tracking system.

NPV at 10% : 4340 3210
Payback Equity . Years 2 i

Figure 46 Installation Variations - Fix vs Single Axis 3

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.
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11 Appendices
Appendix 1. Main results of Yield Simulation, (1a) Fix Mounted, unlimited sheds
P¥SYST v5.71 8.2 Ohst&Ziehmann 17/12/13 | Page 3/4
Brandstwiete 4 - 20457-Hambury - Germany
Grid-Connected System: Main results
Project : Bahawalpur
Simulation variant : ¢Si_20Grd_fix-multi_100MW-Trafo
Main system parameaters System type  Grld-Connacted
PV Field QOrientation Sheds digposition, tilt  20* azimuth  G*
PV modulos Madal CSBP - 270M Pnom 270 Wp
PV Array Nb. of modules 370368 Prnom total 99999 kWp
inverter Madel Prolect PV.500 Prom 510 kW ac
frverter pack Nb. of units  164.D Prom total 83640 kW ac
Liser's needs Unfimited load {grid}
Main simulation results
System Production Produced Energy 160313 MWh/year Specfic prod. 1603 kKWhkW pyear
Performance Rae PR 77.3 %
Hormmakized proaductions (per & lhed k¥iip): Nominal pever B3G90 kY Pertcemancs Asle PR
v T M ¥ T 9 R brliremsniy Raks 071 1Y 67 T T ¥ T T

L T
Lz Cobeesan Loas IFV-psp ke
L5 Spustilons Anesew, |

Farath ik B e NV B 2y}

L] T T
112 RSB
31 CAVSH Y
¥ PO MR (TR Bem (e kT & 3ERWVE SRy -1

Petarare Faw SH

©Si_20Grd_fix-multi_100MW-Trafo
Balances and maln resuits

GiabHor T Amb Giobine GlabEtt | EArray E_Gawd EHArTR EtiSysh
KWhame k% kWhim? KWhm? Ah LUkl K S
Janiary 023 1146 1892 121.& 11179 10763 14.51 1390
Februory 124.0 1578 14941 1515 12643 12196 14.2% t3.74
March 78T 23.24 1932 1888 16272 1558% 1™ 1322
Aprlk 196.5 323 an.; wy 15893 15322 122 278
May 208.5 36.46 03,7 182.3 16628 14995 1260 12 34
June 190.3 3843 1624 1T 136Q5 13515 12.64 12 40
Jaly 1811 30.88 175.7 164.6 13398 12341 12.80 12038
Augiest 184.0 aETe 1851 1769 tazar S37ER 12.55 12 50
Septemdiv 1753 32.92 167.2 1777 14555 14956 13.06 1280
Qcrober 160.2 27.00 187.4 170.5 181585 4418 14.58 3ag
November 51851 2216 1424 1340 11802 11485 1a.07 t3.58
Dacembar 1.0 15.50 1318 123.7 11343 10343 14.43 1383
Yoo 1808 2754 a0 962 1FE144 16033 1344 t2ay
Legandy.  GiobHor Horiranla) gloley iradkaton EAray EMucive anergy 81 (s auliag of e iy
T &b Amrbieryt Tampanine E_Grd Enamy injecied into gnid
Giobing Gkipal incglant in coll plane EftanR Eftc EOJt arnyy ' rough ana
GILEN Elfactive Global, cocr. &ar WAL and shdxdirgs ErSpR EMe. Eoul sysleein ) rouph dres
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Main results of Yield Simulation, (1b) Single Axis Tracker (horizontal axis north-south)

PYSYST v5.71 8.2 Obst&Ziehmann 17/12/13 | Page 4/S

Brandstwiete 4 - 20457-Hamburg - Germany

Grid-Connected System: Main results

Project : Bahawalpur

Simulation variant : ¢Si_SingleAxxis_8m_BT_100MW-Trafo

Main system parameters System type  Grid-Connected

Near Shadings Linear shadings

PV Field Orientation tracking, tilted axis, Axis Tift 0 Axis Azimuth ¢~

PV modules Madel CSEP - 270M Pnom 270 Wp

PV Array hh. of modules 370368 Pnom tolal 99999 kWp
Inverter Madel Protect PV.500 Priosm 510 kW ac
Inverter pack Nb. of units 164.0 Prom total 83640 kW ac
User's needs Unfimited load {grid}

Main simulation results
Systern Production Produced Energy 175836 MWhiyear Specific prod. 1758 kWhnkWpiyear

Performance Ratio PR 79.4 %

Normsdized produttions (per installed hp): Hominal power 89938 kWi Perinemance Rstio PR

v ' - B PO Raks el T L ga T

15 Spurei Ligs drenees. | AT NArsgyy

T T T e Y y Y
l Lz Cobpess Lan P70 mrag kanan? 1,08 KRR
Y Buhaoal L U aaepa Temeie bl B VPR RV ey

=
@

(]

RALRID Frweq, W 3dn
PraviTass fewe Fit

eSi_SingleAxxis_8m_BT_100MW-Trato
Balances and main resullts

Glebtor T Amity Globine GlotEH EArTRY E_Grig ERAITH ENSysR
WWhi? T KW b2 kW mé MW Wb e o
Janusary 1023 1346 1222 1373 10957 10569 154058 14.51
Fabruary 1240 t778 1486 144 2 13113 13657 1470 1413
March 1787 328 215.0 Mnaa REabel:) 17413 408 1358
Agrit JETES 3024 22H.3 2233 14838 17782 1256 11.08
May 2085 2646 233y 2286 18323 17685 1214 12.88
June 1823 43 208.6 2012 165263 15703 321 12.76
Jduly 1841 s a8 1947 1623 15266 14778 318 12.74
Augusi 1848 3678 278 ] 15473 16698 13.30 12.54
Septomber 173 ez X164 002 16428 15854 13.4% 12.0@
Ocrober b2 e ] 1955 180.4 16270 1570 1347 13.49
Noveenbet e 218 1358 1313 11778 11374 14.54 14.08
Decamber 3.0 18 :5) 122.0 1174 10880 10506 1487 14.48
Yewr 13208 2794 2215.9 156.7 B2 180 175836 13.80 .52
Leganos:  GhabHor Hanzanial global rradaton EARay Ettechive enangy at tg ouenul of the ITay
T Amb Arvaian| Temparatura E_Gnd Encegy nyocted into grid
Ghoblrc Ghabal incidant in coll, plare ChanR Eliic. Eout aray ! rugh rea
GhLer EMecsue Globeg. corr. tor IAK and shadingy ENSysh EMiG, Evut syslem . ough sres

13K4369/Quaid-e-Azam_1/Kd/2013 Page 53 of 56



ECSP

Main results of Yield Simulation, (1c) Dual Axis Tracker
Hint: Result for 1 MW PV plant. For 100 MW please multiply Produced Energy by 100

8.2

inal power 898 k¥/p

Tusshsh g Futedy (WOT. R Pt

T T l 0 T
12 Crbeewan Lona PV stng kiteen.
L5 Spstem Ling wrepnr. |

¥ Pankrn) L vings teiake cotaah B 3 Y R ey

v ™ r T
| RE kNS kARt
DTS Yo

PVSYST v5.71 8.2 Obst&Ziehmann 17/12/13 | Page 3/4
Brandstwiete 4 - 20457-Hamburyg - Germany
Grid-Connected System: Main results

Project : Bahawalpur

Simulation variant : cSi_2Axis_15-17_noBT_ 1MW _Trato

Main system paramaters System type  Grld-Connected

Near Shadings Linear shadings

PV Field Orientation Tracking hwo axis

PV modules Made! CSBP - 270M Prnom 270 Wp

PV Array Nb. of modules 3696 Prom tolal 998 kWp

Inverter Madet  Protect PV.500 Priam 510 kW ac

inverter pack Nb. of units 2.0 Pnom total 1020 kW ac

User's needs Untimited load {grid}

Main simulation resulits

Systemn Production Produced Energy 1911 MWhiyvear  Spectfic prod. 1915 kWhkWp'year

Pertormance Ratio PR 76.1 %
k! d prods {per i liod WWp): N Perlovmance Ratis PR

SR pAntEs AP RIDWL AT

Fravasava GewFl

cSi_2Axis_15-17_noBT_tMW_Trafa
Balances and main resutts

v

Y

T T v T Y

GicHor T Amb Gloling GilobEn EArray E_Qrig ENAMR ENSysR
WWhi® 'C Wb Ko MYn MW k3 %
January 1023 1328 1849 1832 130.8 15 13.97 1346
Fabruary 1240 tTTa 188 6 1757 1551 1464 3.8 1331
March CITRT ¥l 267 B fueed 198.1 15311 1386 12.87
April 1865 lipek] 2328 2304 1448 1831 130 1263
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Appendix 2: Solar resource data

. DATA SUPPLY SHEET

Typical meteorological year (TMY)

Report number: 5G-306-1312-12-1
Issued: 04 Decernber 2013 09:15 CETACEST (GMT +1/+2)

Site info

Site name: Punjab
Punjab, Pakistan

Coordinates: 29° 28" 26.03" N, 71° 42" 51.56" £
Blevation a.sd.: 17mast

Slope indination: ~ 0°

Slope azirmath: 201° south

© Location on the maps hetp://solargis.info/imaps/ #loc=29.473897,71,71432 16t~ Google: Satellitez=17

H

: © 2013 GeoMode Soler

Parametess; Global horizortal irradistion
e horizontal irradat
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SolarGIS database: technical information

SolarGIS v1.8 is high-resolution dimate dambase operstad by Geotodel Solar

SOLAR RADIATION DATA
Primiary parameters: Global Horizontd Irradiance and Direce Normal Imadlance
Data description: satdlite data:

* HNetsosat PRIME satedfites (€@ EUMETSAT, Garmany) 1994 - presant, 15-ninute or 30-mirute vdies for
Euirone, Africa and Middle Esst

= Reteuset JODC satedliles (& BUMETSAT, Geuniany} 1999 - pesent, 30-mbnte vdues [ Asia

* GCES EAST sateflites (& NOAN, USA 1999 - present, 30-mirute {partially 3-hourly] welues for Anericas
* NTSAT satelltes (€ IMA Japan) 2007 - pressnt, 30-minute values For Padfic region
atmospheric data: i

* Water Vapow desived from CFSR and GFS datebasss ﬁgsr:om NCEP} .
* Amospgheric Dptical Depth calculatac from MACC detabase (€ ECMVE) 4

* Siow Dexth Yom GFS ard CSR (€ NOAR)

Data resolution: Original tme resclution is $3-mimste and 30-minute {depending on the satellite; for GOBS EAST itis partially
3-hourdy}, origiral satellite dita spatial =solution is 3t 5 km, and it is dissggregated t 250 metres wsing
high-resalution Digitad Elevadion Model SRTM w2 (& 2000-2006 SKTM Mission team)

Methods: * Ozar-sky model: broadbend simglified Solis {Tnehen 2008)

* Satellite modsl: modified version of Heliosat2 by Perez et al. [2002), adanted for mutispectral data by Dusir
arvd Zelenka (2008} and implemented for operatione calculations by Cebecauer et al. (3010 a.b) and SUri et al.
(UK, Cebecauer et al. (£813)

* Snow detection: Romanov and Tarplky {2004), Duerr and Feenka {2008/

* [iffuse imadunce: Perez model (Perez et of 1987)

* [irect porma! iradiance: Dirlndex (Pxrez et al, 1392, Perez et al. 2002)

* Ticangregation: Ruiz Ariss at al. (2010)

METEOROLOGICAL DATA 5

Primary parameters:  Alr Temperature at 2 metres, Wird speed at 10 my Wind direction, Refative humidity, Amospheric pressure

Data description: Pos:-processed from CFSR ard GFS models (& NOAA)

Period covered by data: 19%3/1999/2007 {d=pending on the region} till the present tims

Data resolution: Tirre resolution is interpolated from original hourly and 3-hourly data, spatial resolution is approe:. 2f35/57 kem
({depending on the parametrs and TmE)

Due to the nature of numesical neteorological models, metea data may not acaurateby represent the local microdirate and these

parameter have higher uncertaisty compared to solan

Service providee: SeoModel Solar s.r.0. , Milana Maretka 3, 84107 Bratislava, Skwakia; Registration Dt 45 354 766, VAT Number:
SKA22962766; Regstration: Business regiser, District Cowrt Bratskva I Section Sro, File 62765/8

http:ffsolargis.infa, comtact@solargis.info

Disclammer: Considenng the nature of demate fluctuations, interannua and long-term changes, as well as the uncertainty of measuement.
and caloulations, GeoModel Soler cannot take full quarentee of the caurary of estimates, The maximum possible has been don: for the
assessment of cimare conditions besed on the best avalable data, software anc knowledga. GeoMods! Solar shalf rot be liable for anmy
direct, incidenta, consequental, indirect or aunitive dartages arising or alleged o have arisen out of use of the provided report.

This repart is copyright to € 2003 GeoMoadel Solar, al rights resarved,
SolarGIS¥ s a nradegnwi of GeaModel Solar "

£ 2013 GeoMode! Sl fepoet rmber SE-306-1312-12-1 [ssued: (4 Oecember 2003 09:15 CETAOSST (GMT +1/+2) page 2 of 2
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No.PPDB/ (>'2C;l2, /2014

PUNJAB POWER DEVELOPMENT BOARD
ENERGY DEPARTMENT

1%t Floor, Central Design Building,
Irrigation Secretariat, Old Anarkali, Lahore
(Ph: 99212794 Fax: 99212796)

Date 06 ‘3 /2014

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

2. CEO MEPCO
MEPCO, Khanewal Road
Multan.

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

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

5. Mr. Rehan Akhtar
DGM Finance
WPPO NTDC,108, WAPDA House Lahore

6. CEQO, e
M/s Q.A Solar Power Ltd, i
N &g.;zhb 3"Floor Gulberg, 1l Lahore

Subject: MINUTES OF 157 PANEL OF EXPERTS MEETING FOR
100 MW QA SOLAR POWER LTD CHOLISTAN PUNJAB
HELD ON 4.3.2014

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.

\ MANAGING DIRECTOR
Punjab Power Development Board
Encl: As above 9/3}‘,;4«

Cc: - Ps. to Additional Chief Secretary, Government of Punjab, Energy Department, Lahore



Subject:

the meeting:

Present:

On Invitation:

Puinjah Pewer Development Board
Energy Department

MINUTES OF 1°T PANEL OF EXPERTS MEETING OF Quid-e-Azam SOLAR POWER LTD FOR DEVELOPMENT

OF 100 MW SOLAR PV POWER PROJECT IN CHOLISTAN PUNJAB

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

NOoOOohkwN =

10.
11.
12.
13.
14.
15.
16.
17.

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

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 PPDB (In Chair)
Additional Chief Engineer CPPA NTDC
Deputy Manager CPPA NTDC

Deputy Manager CPPA NTDC

Director, AEDB

Director, PCRET, Islamabad

Incharge /DD, PCRET, Lahore

CEOQO, Q.A. Solar Power

Partner, M/s 8.2 Ingenieurpartnerschaft Obst & Ziehmann
COOQO, Q.A. Solar Power

CFO, Q.A. Solar Power

Procurement Manager Q.A. Solar Power

Associate, M/s Grant Thornton

Financial Analyst, M/s Grant Thornton

Manager, M/s Grant Thornton

SGM, ECSP

Resident Contract Advisor,M/s 8.2 ing Obst&Ziehmann

o (¥ |




In attendance:

18. Mr. Salman Aizad - Manager Projects (Renewable Energy) PPDB
19. Mr. Tariq Latif Chaudhary . Assistant Manager (Tariff) PPDB

20. Ms. Afifa Jabeen Assistant Manager (Legal) PPDB

21. Mr. Asad Najeeb PSO (AC&E), Energy Department

PROCEEDINGS:

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 Pane!l 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, M/s 8.2 Consultancy Germany to make presentation.

Serial # DISCUSSION DECISION

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 EPC basis. The
CEO QA Solar Power Ltd informed that through rigorous procéss 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.

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
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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.

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

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 IEE Report was submitted to EPA Punjab
and approved.

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

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

LN




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 M/s QA Solar has submitted the
Report to PPDB for approval and based thereon will submit its tariff
petition to NEPRA) has not been witnessed in the Report.

* ltis suggested that each of the cost facet either CAPEX or OPEX
may be discussed 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. 5

* 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 chair. (M
___________ X—__..__.._____X_.....____ —-——

After detailed discussion and deliberation, It
was unanimously decided by all POE
members that the observations, corrections
and suggestions pointed 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 recejved from POE on revised
version of Feasibility Study.




16. Photovoltaic (PV) Technology

Energy technology used for this 100 MW p DC Solar PV Power Plant 1s 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.




a) Technology Used For the Project

The renewable technology that is being used for the project is Photovoltaic
(PV) cell. The working principle behind the PV technology is the photo-
clectric effect in which photons are emitted by the sun; impact a

semiconductor’s surface resulting in generation of electricity.

The putity 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 efficiency of a solar cell () is the percentage of power from solar energy,
incident on the panel, converted to electrical energy. This term is calculated
using the ratio of the maximum power point of the cell, Pm, divided by the
light power that reaches the cell, the global irradiance (I, in W / m?® under
standard conditions (STC, 1000 W/m?, 25°C, AM 1,5), and the surface area of
the solar cell (A, in m?)

B Pm
T ExAc

n

Pm [W] = Cell power at maximum power point at STC
E [W/m?] = power of global irradiation on cell area

A, [m?*) = cell surface area

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/ m’, an
ambient temperature of 20°C and a wind speed of 1 m/s.

Three main cell categories can be defined:
1. Monocrystalline

2. Polycrystalline
3. Thin Film



Por this project, polycrystalline photovoltaic (PV) cell 1s being used. This type
of PV cell is sclected in favor of other types, because it provides higher
cfficiency 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 1s 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 lifetdme. 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.

Design of the Plant

Provided below is the SLLD of Quaid-e-Azam Solar 100 MWp DC Solar Power
Project at l.al Sohanra Park, Bahalwalpur.
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All the system components for the following DC functions on SLD include:



Module Arrays (fixed — tilted)

Combiner and Recombiner Boxes

Inverters

DC cables

DC connectors

Disconnects, switches, protection, fuses
Grounding

Switchgear

Transformers (including I.V/MV and MV /132kV)
AC cables

AC connectors

Protection

Grounding

Grid Connection

Llectric meter etc.



b) Fuel: Renewable Energy Source Used for Power Generation

Solar Photovoltaic technology will be used for power generation in the 100
MWp DC Solar PV Plant by Quaid-c-Azam Solar Power (Pvt.) Ltd. Renewable

energy source used for the project 1s 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 MWh per
m” per year. It has an average daily global insolation of approximately 19 - 20
MJ/m’ 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\Wh/m? As a result of this radiation, the plant will
be able to provide 160,313,000 kWh in the first year to the grid. Details of
monthly radiation level in KWh/m® along with the resultant power
generation in kWh are provided in the table below:

() 102.3
February 124.0
March 179.7
April 196.5
May 208.5
June 190.3
July 181.1
August 184.8
September 175.3 i
October 160.2 |
November 115.1 |
December 103.0 !
Total 1,920.8 |

Ref: Feasibility Study attached as Annexure 22



c) Emission Values

Electricity produced from the Sun is green and environment friendly. The
production of clectricity from the Sun does not result in emission of any
harmful gases ¢.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.



17.  Grid Connectivity Study

I'ollowing the bidding document’s requirements, NTDC grid code is
compliant. G1id 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 1s ready to take power generated from this project.

Annexure 24

Annexure 25
Annexure 26

Annexure 27

Annexure 28



National Transmission and Despatch Company Limited
(NTDCL)

Load Flow Study Report
for Evacuation of Power
from 1000 MW Solar Power Plants
in Quaid-e-Azam Solar Park at Lal Suhanra

Prepared by

Planning (Power) Department
5t Floor, PIA Tower, Egerton Road, Lahore.

January 2014



Y
RN

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

1. Introduction

- 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.

2. Project Scope of work
The proposed scope of work Is provided as under;
Phase-1: First 100 MW Solar 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 S/C 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

S/C at solar power plants.

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 S/C at

solar power plants.

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.

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

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

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



.

v e 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.

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

3.

Load Flow Studies

The load flow studies are based on the following assumptions:

Latest load forecast.
Latest generation expansion plan.

Latest transmission expansion plans of NTDC and DISCOs especially, the

expansion plans of MEPCO.

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

also been incorporated in the studies.

‘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.

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

system requirement of MEPCO network:

By-passing of existing 132 kV S/C from Bahawalpur old to Lodhran
at the following substations;

a. Baghdad—ul—Jaded substation

b. Lodhran substation.

Capacitor Bank of 36 MVAR proposed at 132 kV Hasilpur
substation in year 2015. ’
Following line openings have been proposed during Phase-l in
MEPCO network when solar power projects are in operation for
reliable operation during the time when solar power is available,

a. Hasilpur — Chishtian T/L

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

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

a. Hasilpur — Ludden T/L
b. Karorpca — Mailsi T/L



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

Following line openings have been proposed during Phase-lll in
MEPCO network when solar power projects are in operation for
reliable operation during the time when solar power is available;
Hasilpur — Chistian-New T/L

Hasilpur — Ludden T/L

Bahawalpur-Old — Miranpur T/L

Lodhran — P.Gain T/L

Karorpca — Mailsi T/L

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

O 2 o0 T o

The description of the simulated scenarios is given as under,

3.1 Peak Load Aug/Sep 2014

lL.oad 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
(60MW 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;

Exf;blt Contingency Conditions Remarks
2 Solar PP-4 — Bahawalpur 132 No system constraints.
KV S/C out '
3 Solar PP-1 — Lal Suhanra -do-
132 kV S/C out
4 Solar PP-5 — Lal Suhanra - -do-
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132KV S/C out |

5 B.Pur Canttt - BW.P-N -do-
132kV S/IC out-

L .
3.2 Peak Load Aug/Sep 2015

Load flow study for peak load condition of Aug/Sep 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 D/C transmission line.

As per load flow study, it is found that power from these solar power projects can
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 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 #7-9. The results of

the contingency studies are summarized as under;

Exg'b't Contingency Conditions Remarks
2 Lal Suharna(Solar Park) G/S No system constraints.
— Bahawalpur 220 kV S/C out -
o Bahawalpur — M.Garh 220 kV -do-
S/C out ‘
9 Solar PP-9 - Lal-Suharna -do-
G/S 132 kV S/C out

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 Quaid-e-Azam solar park,

Cholistan.




Phase

-1: Load Flow Analysis For Power Evacuation of 100 MW (2 X 50 MW) Solar Power Project

Exhibit #1-A
BWP-N 220KV
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Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014 Exhibit #1
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82]-82 8.3)-16.0 16.1 ] -41.1 416}-740 742]-312 312118 -11.8]54.8 548|978 -95.6{67.7 67.1)56.7 -66.5|-17.0 17.2 | -48.6
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Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014

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

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

Exhibit #4
_N-132-B1 BU.JADID
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Phase-2: Power Evacuation of 400 MW (8 X 50 MW) - Peak Load Aug/Sep 2014

Exhibit #5
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. . . ibi
Phase-3: Power Evacuation of Additional 600 MW (12 X 50 MW) - Peak Load Aug/Sep 2015 Exhibit #6
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Phase-3: Power Evacuation of Additional 600 MW (12 X 50 MW) - Peak Load Aug/Sep 2015 Exhibit #7
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Phase-3: Power Evacuation of Additional 600 MW (12 X 50 MW) - Peak Load Aug/Sep 2015 Exhibit #3
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Phase-3: Power Evacuation of Additional 600 MW (12 X 50 MW) - Peak Load Aug/Sep 2015
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Introduction

There are two major types of solar power technology viz Photovoltaic (PV) systems
and Concentrated Solar Power (CSP) systems. The sun is the most plentiful energy
source for the earth. All wind, fossil fiel, hydro and biomass energy have their
origins in sunlight. Solar energy falls on the surface of the earth at a rate of 174
petawatts, (1 petawatt = 10° watt), The solar energy absovbed by Earth’s atmosphere,
oceans and land masses (s approximately 3,850,000 exajoules (7/5]:7078]) per year. In

2002 this was more energy in one hour than the world used in one year. t

At the global level power generation is largely dependent on fossil fuels, which emit

tons of carbon dioxide and other pollution every second. More ironic is the fact that

Jossil fuel will eventually run out In order to make the development of our

civilization sustainable and cause less harm to our environment, development of’

new source of substitute clean energy is inevitable.

To mitigate the current energy crisis development of Solar Power is one of the best
possible short term solutions predominantly during the day time. There is an
urgent need to intensify the efforts for development and utilization of solar energy.
AEDB should take steps to establish R&D cells to promote and develop solar power

in the country.

Nature has gifted Pakistan with ideal climatic conditions to harness energy from

the sun-—--—- the solar energy’ All we need to do is to act quickly and make up for

the lost time.




. Quaid-e-Azam Solar Park

ESolar Generation in Various Countries

Sr. Ne. Country Installed Capacity (MW) 801321‘5\25;‘ city %agi,e(;:'esrolar
1 Germany 168,523 32,643 19.37%
2 Ttaly 123882 16,241 13.11%
3 Spain 107,257 4,537 4.23%
4 China 1,185,714 8,300 0.70%
5 India 192,787 1,176 0.61%
6 USA 1,260,689 7,312 0.58%
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Quaid-e-Azam Sola rk

5Solar Energy Potential in Pakistan
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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 Joules per square meter) and annual mean
sunshine days.
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Quaid-e-Azam Solar Park Location on Map
Total Area = 11300 acres
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Solar Power Capacity at Lal-Suhanra

Proposed Phase Prop"s(;‘;\gi)‘l’adty
Phase-I 100
Phase-II 300
Phase-II1 600
Total 1000

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 132 kV network.

I
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Quaid-e-Azam Solar Park

SAMPLE SINGLE LINE =0 0=
DIAGRAM FOR 50 MW =
SOLAR POWER PROJECT  §0:5

A AT A

di &y &y &y & & & |
e o

A
AR

— -1
O

™

POWER POWER

TRANSFORMER-1 TRANSFORMER-2

1133131V 11331132V
SWITCHED SHUNT CAPACITORS 40i50MVA A0/30MVA

132KV B
DOUBLE BUS SINGLE BREAKER SCHEME '__1
WITH BUS COUPLER
~ 132kVBUS BAR 112

Page 6



MEPCO System Network around Quaid-e-Azam Solar
Park
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Procdsec Stz Park ot La'suraes

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

and 132 kV voltage levels.
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Quaid-e-Azam So

lar

Park

Proposed Interconnection Scheme for evacuation of
1000 MW from Quaid-e-Azam Solar Power Park
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Scope of Work (To be Completed by MEPCQO):

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 S/C at

solar power plants.




Quaid-e-Azam Solar Park

Phase — 1T (300 M'W)

Proposed Interconnection Scheme for Evacuation of upto(100+300) 400 MW Power frorh
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Scope of Work (To be Completed by MEPCO):

(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

S/C at solar power plants.

(i) 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 S/C at

solar power plants.

(i) 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.




Phase — ITI (600 MW)

Proposed Interconnection Scheme for Evacuation of upto(400+600) 1000 MW Power from
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Scope of Work (To be Completed by NTDC):

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

(i) 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 km) long

on Rail conductor, from 220 kV collector substations to individual solar
power projects.




. Quaid-e-Azam Solar Park

Schedule: Phase —III

Schedule of Construction of 220KV T/Line (No. of months)

Activity 1 2 3] 4 5 6 7 8 9 10| 21| 12| 13| 14| 15| 16| 417y 18} 18] 20{ 21} 22| 23| 24
Tendering and Procure ment of

Material
» Invitation of Bids for l

Construction

Evaluation of Bids for
Construction
Award of Contract for
Construction

5 Mobilization

6 Soil Investigation

7 Foundation of Towers

8 Erection of Towers

Stringing of
Conductor/OPGW/Shicldwire
alongwith hardware and
accessories

Inspection, Testing &

10 T .
Commissioning
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Quaid-e-Azam Sclar Park

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

. Months
Sr. Activity
2 7 10111213 14]15|16] 17|18} 19| 20| 21} 22| 23] 24

) Tendering and Procurement

of Equipment
) Invitation .of Bid for F

Construction
3 |Evaluation of Bids
4 |Award of Contract
5 [Mobilization £
6 |Soil Investigation
. Equipment/ Control House

Building Design Release
8 |Civil Construction
9 |Equipment Installaion e
10

Testing & Commissioning
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Approval Status of PC-I for

Quaid-e-Azam Solar Park

Power Evacuation from Quaid-e-Azam Solar Park

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

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

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

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

Financing

It has been communicated through Government of Punjab Energy Department letter

No. SO(P) ED/21-93/2013 that ADB has indicated availability of financing for

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

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

financing window.

Summary of the Estimated Cost for Phase-111

Phase Local (Rs. million) | FEC (Rs. million)

Total (Rs. million)

Phase-1II 1659 1644

3303
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Executive Summary

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.

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:

Phase-1: First 100 MW Solar 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 S/C 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 S/C
at solar power plants.

+ 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 S/C at

solar power plants.

« 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.

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 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.

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 all the analysis in this report. These analyses
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would be required to be carried out again at the interconnection/design stages of
the solar power plants according to their equipment specifications.

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 Subanra. 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.

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 pawer 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.

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.

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 fulfilis 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.
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Short Circuit Analysis

1.  Short Circuit Analysis

1.1 Methodology and Assumptions

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 [EC 909:

o Set tap ratios to unity
o Setline charging to Zero
e Set shunt to zero in positive sequence

¢ Desired voltage magnitude at bus bars set equal to 1.1 P.U.

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.

1.2  Short Circuit Study Results

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:

Voltage Maximum Short Circuit Levels
Name of Faulted Bus Bar
Level Three Phase Single Phase
Lal Suhanra-New 220 kv 8.27 kKA 4.88 kA
Bahawalpur 220 kv 11.25 kA 6.99 kA
Lal Shuanra-New 132 kV 9.49 kKA 6.50 kA
Bahawalpur-New Bus Bar-1 132 kV 6.87 kKA 5.27 kKA’




Short Circuit Analysis

Name of Faulted Bus Bar Voltage Maximum Short Circuit Levels
Level Three Phase | Single Phase
Bahawalpur-New Bus 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 7.61kA 5.08 kA
Solar PP-1 132 kV 6.66 kA 4.33 kA
Solar PP-2 132 kV 6.59 kA 427 kA
Solar PP-3 132 kV 6.53 kA 424 kA
Solar PP-4 132 kV 6.48 kA 4.42 kKA
Solar PP-5 132 kV 6.73 kA 435 kA
Solar PP-6 , , 132kV |  6.68kA 433 kA |
Solar PP-7 132 kV 6.65 kA 4.31 kA
Solar PP-8 132 kV 6.61 kA 4.30 kKA
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

1.3 Conclusions of Short Circuit Analysis

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

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.

2.1  Stability Criteria:

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:

e Permanent three-phase fault on any transmission line and associated
components. It is assumed that the fault will be cleared in 5 cycles.

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

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

NEPRA.

2.2 Low Voltage Ride Through (LVRT) Requirements

e 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 180 ms in case of Stuck Breaker.

e 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.

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

2.3 Methodology and Assumptions

As explained in previous section, plant data from various equipment
manufactures/suppliers is not available in Pakistan. The detailed dynamic model
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parameters 50 MW Solar PV plant by M/s DACC, available in Planning Power
NTDC, have been used for the transient stability analysis with the induction of
1000 MW solar plants in Quad-e-Azam solar park at Lal Suhanra in this report.

The simulations have been run in time domain as follows;
e  Run simulation for initial one second for pre-fault steady state condition.
e  Apply fault at one second and run the simulation for 1.1-second duration.

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

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

2.4 Modelling of Solar Power Plant

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

Generator Model PVGU1
Electrical Modei PVEU1
Solar Panel Model PANELU1
Solar Radiation Model IRRADU1

The parameters for the above generic models have been assumed as of the
50MW solar power project sponsored by M/s 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 study/design stages according to the

specifications of the equipment used in power plants.

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 Aug/Sep 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;

e 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.
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2.5

Transient Stability Study Results

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

simulations are provided below:

iv.

Bus Frequency plot

Bus Voltage plot

Line Power Flows, i.e., P (MW) & Q (MVAR) plots
P (MW) & Q (MVAR) of Solar Plant

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:

Table-1: Transient Stability Results for 5 Cycles Faults

S#f . Type of Faults Ex';;b't 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

4 | 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 plants and
bus cleared in 5 cycles 6 Bus Voltage NTDC/MEPCO
> | and the outage of ] systems
Bahawalpur to Lal 14 P & Q Line Flows 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 o
and the outage of ; NTDC/MEPC

3 | Bahawalpur tgo Solar 11 |P&QLineFlows |gsystems
PP-4 132 kV single P & Q of Solar Plant | remain stable.
circuit. No LVRT

12 problem at
Solar Plant.
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S#r. Type of Faults Exl;ibit Plotted Quantity Response
3-phase fault at Lal 13 Frequency Solar power
Suhanra-New 132kV plants and
bus cleared in 5 14 | Bus Voltage NTDC/MEPCO

4 | cycles and the outage 15 P & Q Line Flows systems
of Lal Suhanra-New to remain stable.
Solar PP-12 132 kV P& Qof SolarPlant |\ vrT
single circuit. 16 problem at

Solar Plant.
3-phase fault at Lal 17 Frequency Solar power
Suhanra (old) 132 kV plants and
bus cleared in 5 cycles |— o Bus Voitage 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 Voitage plants and

6 | and the outage of Lal ) NTDC/MEPCO
Suhnara (old) to Solar 23 P & Q Line Flows systems
PP-1132 kV single o4 P & Q of Solar Plant | remain stable
circuit.
3-phase fault at Solar 25 Frequency Solar power
PP-1 132 kV bus Bus Voltage plants and
cleared in S cycles and 26 g 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

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

32 problem at

Solar Plant.
g—lfqazsg rj;ll; at Solar 33 Frequency Solar power

9 cle;red & c;?:les and 34 | Bus Voltage plants and

35 P & Q Line Flows NTDC/MEPCO
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S; Type of Faults Ex Zibit Plotted Quantity Response
the outage of Solar P & Q of Solar Plant systemst bl
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 plants and
. 3 Vol
cleared in 5 cycles and 8 Bus ofage 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.

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 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-2

given below:
Table-2: Transient Stability Results for 9 Cycles Faults

S#r. Type of Faults Exhibit # Plotted Quantity Response
3-phase fault at 41 Frequency Solar power
Bahawalpur 220 kV plants and
bus cleared in 9 42 | Bus Voltage NTDC/MEPCO

1 | cycles and the outage 43 P & Q Line Flows systems remain
of Bahawalpur to Lal stable. No
Suhanra-New 220 kV 44 P & Qof Solar Plant LVRT problem
single circuit. at Solar Plant.
3-phase fault at Lal 45 Frequency Solar power
Suhanra-New 220 kV plants and
bus cleared in 9 46| Bus Voltage NTDC/MEPCO

2 | cycles and the outage 47 P & Q Line Flows systems remain
of Bahawalpur to Lal & f P| stable. No
Suhanra-New 220KV g | & QofSolarPlant | e oroblem
single circuit. at Solar Plant..
3-phase fault at 49 Frequency Solar power
Bahawalpur 132 kV plants and
bus cleared in 9 50 | Bus Voltage NTDC/MEPCO

3 | cycles and the outage 51 P & Q Line Flows systems remain
of Bahawalpur to stable. No
Solar PP-4 132 kV 5 | P&QofSelarPlant | \et oroplem
single circuit. at Solar Plant..
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S#f' Type of Faults Exhibit # Plotted Quantity Response
3-phase fault at Lal 53 Frequency Solar power
Suhanra-New 132kV plants and
bus cleared in 9 o4 | Bus Voltage NTDC/MEPCO

4 | cycles and the outage 55 P & Q Line Flows systems remain
of Lal Suhanra-New to stable. No
Solar PP-12 132 kV s | S QofSolarPlant |y et roblem
single circuit. at Solar Plant.
3-phase fault at Lal 57 Frequency Solar power
Suhanra (old) 132 kV plants and
bus cleared in 9 58 | Bus Voltage NTDC/MEPCO

5 | cycles and the outage 59 P & Q Line Flows systems remain
of Lal Suhnara (old) to stable. No
Solar PP-5 132 kV o | &QofSolarPlant |\ por oblem
single circuit. at Solar Plant.
3-phase fault at Lal 61 Frequency Solar power
Suhanra(old) 132 kV plants and
bus cleared in 9 62 | Bus Voltage NTDC/MEPCO._

6 | cycles and the outage 63 P & Q Line Flows systems remain
of Lal Suhnara(old) to stable. No
Solar PP-1 132 kV gq | P& QofSolarPlant | /o hlem
single circuit. at Solar Plant.
3-phase fault at Solar 65 Frequency Solar power
PP-1 132 kV bus plants and
cleared in 9 cycles 66 |Bus Voltage NTDC/MEPCO

7 | and the outage Lal 67 P & Q Line Flows systems remain
Suhnara (old) to Solar stable. No
PP-1 132 kV single gg | &QofSolarPlant |\ oblem
circuit. at Solar Plant.
3-phase fault at Solar 69 Frequency Solar power
PP-1 132 kV bus plants and
cleared in 9 cycles 70 Bus Voltage 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. 72 P & Q of Solar Plant | | VRT problem

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

9 | and the outage of 75 P & Q Line Flows systems remain
Solar PP-1 collector stable. No

I
station (10MW). | P& QofSolarPlant | e oblem
at Solar Plant.

10 ggr}afgga;{l/t st Solar 77 Frequency Solar power

) us 78 | Bus Voltage plants and
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S;. Type of Faults Exhibit # Plotted Quantity Response
cleared in 9 cycles 79 P & Q Line Flows NTDC/MEPCQ
and the outage of systems remain
132/22 kV P& Q of Solar Plant stable. No
transformer. 80 LVRT problem

at Solar Plant.

2.6  Conclusions of Transient Stability Analysis

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.

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.
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3. Power Quality Analysis

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 sig'niﬁcant 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.

3.1 Flicker

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 Pst}
and long time flicker level P1ty are assumed same and calculated by the

following formula:

vat

1
P sty = P uy, = S, Z(Ci(‘l-'k;“a)-smi)z
I
i=1 (A)
Where
S, is the rated apparent power of the one inverter
Sk is the short-circuit apparent power at PCC

Nut is the number of inverters connected to the PCC

The value of ¢ (¢) 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
coupling which is 132 kV bus of the switchyard of Solar PP-1 plant.

For the minimum short circuit case, the system network in the vicinity of solar
power park has been modeled with 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:
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Sp=0.3 MVA

Nwr= 143

S for 132 kV bus = 1257.2 MVA
Using the above data in Equation (A), we get

PStz = P|tz= 0.002852 =0.28%
Whereas, the acceptable value in [EC 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.

3.2 Voltage Unbalance

i Voltage Step-Change

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

following formula;

__Sw
E SAmax (B)

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

Ki1

In our simulated case, the short circuit power and apparent power come out as
under:
Skv = Short circuit power at the PCC = 1234.75 MVA
Smax = Maximum apparent power of one collector group connected
to the PCC = 8.4 MVA
Using above values in Equation (B), we get

Kw = Voltage Step-change factor = 146.99

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

The voltage variation with only one collector group at PCC of a solar plant under

study can be estimated by the following formula:

SrE
Aua = knmax ©
S (9]

k0 = Maximum inrush current in relation to the nominal current

Short-circuit power at the PCC

S

S, Nominal apparent power of the Solar PV unit that is to be

connected

The above calculation gives an upper assessment for a safe margin basically.
For a solar power plant, K; nax can be assumed to be 1. In our case, the values of

short circuit power and apparent power come out as under:

Skv.= 1234.75 MVA
Sie = 0.3 MVA

Using above values in Equation (C), we get
U, = 0.000234 = 0.0234%

The above voltage variation is far less the acceptable limit of 2.34% in IEC
Standard.

3.3 Conclusions of Power Quality Analysis

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 IEC permissible standards. The study results
indicate that the levels of flicker and voltage unbalance are within the permissible
limits of IEC, 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.
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Figure # 1 Proposed Interconnection Scheme for Evacuation of upto(400+600: 1000 MW Power from

Upcoming Solar Projects at Quaid-E-Azam Solar Park in Lal Sohanra
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Transient Stability Analysis for 1000MW Solar Power Exhibit #1-A
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Appendix-1

Short Circuit Study Exhibits




SHORT CIRCUIT CASE 2016

PSS®E ASCC S' T CIRCUIT CURRENTS WED, JAN 22 .14 17:20

<-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 Zz-:2.074+j14.512, 6.99611 z0:8.110+j40.701, 5.01862

<-SCMVA-> <-Sym I''k rms-->
/I/ AN(T)
MVA AMP DEG
3147.94 8261.2  -61.35
1859.40 4879.7 -58.79
Z+:2.827+j20.214, 7.15136 Zz-:2.827+j20.213, 7.15039 2z0:13.272+3j61.496, 4.63359

<~-SCMVA-> <-Sym I''k rms-->
/1/ AN(I)

MVA AMP DEG
2208.52 9659.8 -60.34
1496.27 6544.5 -57.56

Zz+:1.018+j10.762, 10.57597 Zz-:1.018+j1C.762, 10.57467 z0:4.778+j25.856, 5.41159

<-SCMVA-> <-Sym I''k rms-->
/1/ AN(I)

MVA AMP DEG
2931.35 12821.3 -61.75
2070.61 9056.6 -61.00

z+:1.206+j7.787, 6.45600 2z-:1.206+j7.787, 6.45486 20:3.140+j17.430, 5.55157

<-SCMVA-> <=Sym I''k rms-->
/1/ AN(T)

MVA AMP DEG
1569.13 6863.2 -62.65
1204.93 5270.2 -62.92

z+:2.,085+j14.389, 6.90077 Zz-:2.085+j14.389, 6.90017 Zz0:3.711+j27.475, 7.40396

<-SCMVA-> <-Sym I''k rms-->
/1/ AN(I)

MVA AMP DEG
1563.31 6837.7 -61.03
1133.02 4955.7 -60.94

2+:2.497+j14.407, 5.77081 2z-:2.497+j14.407, 5.77036 z0:5.433+j30.806, 5.67020

Xemmmmmm e BUS ~=m=mmmmmu X
550 [BAHWALPR 220.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xmmmmm e BUS --~——=====- X
765 [L.SUHANRA220220.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xmmm e BUS ————m——mmm X
7650 [L.SUHANRA132132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xmmmmmm e BUS —~——===m=== X
7139 [BWPN-1 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xmmmmm e BUS —~=-m=—mmm X
7138 [BWNP-2 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
X=mmmmmmm e BUS ---===——-- X
7140 [BHAWALPR 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
X e BUS —-====m=m- X

<-SCMVA-> <-Sym I''k rms-->

/1/ AN(I)
MVA AMP DEG
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7130 [BU.3JADID 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xemmm e BUS —==m—meam X
7120 [LODHRAN 132.00] 3pH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xemmmmmm e BUS ===cmmemn X
6419 [L.SOHANRA 132.00] 3pH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
X mommm e BUS ~-=—m—eun X
7651 [SOLAR PP-1 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xemmmm e BUS —~—=—mmun X
7652 [SOLAR PP-2 132 00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
X e BUS ~=m—m—mom X
7653 [SOLAR PP-3 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xemmmmm e BUS =—=mme e X
7654 [SOLAR PP-4 132 00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)

1687.97 7382.6  -60.81
1091.3» * 4773.5 -59.77

Z+:2.332+43j13.455, 5.76994 z-:

<-SCMVA-> <~Sym I''k rms-->
/1/ AN(I)

MVA AMP DEG
1738.71 7604.9  -60.88
1159.33 5070.8 -59,90

Z+:2.268+j13.018, 5.73975 z-:

<-SCMVA-> <-Sym I''k rms-->
/1/ ANCI)
MVA AMP DEG
1593.26 6968.7 -54.37
1031.81 4513.0 -54.45

Z+:3.503+j15.096, 4.30972 z--

<=-SCMVA-> <-Sym I''k rms-->
/1/ AN(I)
MVA AMP DEG
1522.36 6658.6 -54.54
981.77 4294.1 -54.43

Z+:3.540+715.898, 4.49025 z-:

<=SCMVA-> <-Sym I''k rms-->
/I/ AN(I)
MVA AMP DEG
1507.55 6593.8 -54.61
976.40 4270.6  -54.45

Z2+:3.543+j16.067, 4.53541 z-:

<-SCMVA-> <-Sym I''k rms-->
/1/ AN(I)

MVA AMP DEG
1494 .32 6535.9 ~-54.74
971.11 4247.5 -54,52

Z+:3.540+j16.211, 4.57934 2z-:

<~SCMVA-> <-Sym I''k rms-->
/1/ AN(I)
MVA AMP DEG
1482.17 6482.8 -54.91
965.65 4223.6  -54.64

Z+:3.533+j16.329, 4.62220 z-:

<-SCMVA-> <-Sym I''k rms-->

-332+j13.454, 5.76941 z0:7.286+j35.310, 4.84652

-268+313.017, 5.73924 Z0:6.666+3j32.352, 4,85301

-503+315 095, 4.30923 20:9.133+339.760, 4.35352

-541+315.897, 4.48978 20:9.526+342.129, 4.42261

-543+j16.067, 4.53494 Z0:9.537+j42.242, 4.42943

.540+j16.210, 4.57887 Z0:9.547+j42.351, 4.43601

.533+j16.329, 4.62173 20:9.557+j42.456, 4.44234
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/1/ AN(I)

MVA AMP DEG
1539.52 6733.6 ~54.60
994.73 4350.8 -54.49

Z+:3.494+315.709, 4.49622 z-:

.494+315.

.49575

.367+741.

<-SCMVA-> <=Sym I''k rms-->

/1/ AN(I)

MVA AMP DEG
1529.38 6689.3 -54.69
991.05 4334.7  -54.52

Z+:3.482+j15.824, 4.54406 z-:

.482+j15.

.54358

.370+341.

<-SCMVA-> <-Sym I''k rms-->

/1/ AN(I)

MVA AMP DEG
1520.73 6651.5 -54.83
987.41 4318.8 -54.61

Z+:3.466+3j15.911, 4.59085 z-:

.466+715.

.59038

.373+741.

<~SCMVA-> <-Sym I''k rms-->

/1/ AN(D)

MVA AMP DEG
1513.29 6618.9 -55.02
983.67 4302.4 -54.74

Z+:3.445+315.972, 4.63680 z-:

.445+§15.

.63633

.375+341.

<-5CMVA-> <-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+311.428, 9.95287 z-:

.148+j11.

.95177

.862+3j26.

<-SCMVA-> <-Sym I''k rms-->

/1/ AN(I)

MVA AMP DEG
2002.19 8757.3 -59.54
1405.33 ©6146.7 -57.15

2+:1.242+j11.904, 9.58802 Zz-:

.242+311.

.58703

.941+326.

Xemmmmme e BUS ——-=-=-=m= X
7655 [SOLAR PP-5 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Koo e m e BUS ~—-==m==-= X
7656 [SOLAR-PP 6 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xmmmmm e BUS ~—~======~ X
7657 [SOLAR-PP 7 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xemmmmmmm e BUS ===mmem—mm X
7658 [SOLAR-PP 8 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xemmmmmm e BUS == mmm e X
7659 [SOLAR PP-9 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Kom e BUS ==—mw—mmmm X
7660 [SOLAR PP-10 132.001 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xmmmmmm e BUS ~—=mm—=mm- X
7661 [SOLAR PP-11 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)

<-SCMVA-> <-Sym I''k rms-->

/1/ AN(T)

MVA AMP DEG
1955.83 8554.5 -59.37
1379.28 6032.8 ~-57.06

z+:1.298+j12.190, 9.39423 z-:

.298+12.

190, 9.

39329

z0:

.014+327.

212,

.42747
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<-SCMVA-. "<-Sym I''k rms-->

/1/ AN(T)

MVA AMP DEG
1940.09 8485.7 -59.35
1364.39 5967.7 -57.05

Z+:1.316+j12.285, 9.33315 zZ-:

<=SCMVA-> <-Sym I''k rms-->

/I AN(D)

MVA AMP DEG
2083.18  9111.5  -59.85
1443.44  6313.4 -57.31

Z+:1.148+j11.428, 9.95287 z-:

<-SCMVA-> <-Sym I''k rms-->

/1/ ANCT)

MVA AMP DEG
2001.86 8755.9  -59.53
1405.10 6145.7 -57.14

Z2+:1.242+311.904, 9.58802 2z-:

Xmmmmmmmmmm BUS ~=-=m=cmmm X
7662 [SOLAR PP-12 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
Xmmmm e mmm BUS ==--mmomm- X
7663 [SOLAR PP-13 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
D G- BUS ==m=mom—mm X
7664 [SOLAR PP-14 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
X mmmmmmm e BUS ~=---mmmmm X
7665 [SOLAR PP-15 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
D CT - BUS ~=—--—mmnm X
7666 [SOLAR PP-16 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R (OHM)
Xemmmmmmme = BUS ===mmommmn X
7667 [SOLAR PP-17 132.00] 3PH
LG
THEVENIN IMPEDANCE, X/R  (OHM)
p T BUS —-=—memmnm X
7668 [SOLAR PP-18 132.00] 3PH

<-SCMVA-> <-Sym I''k rms-->

/I/ AN(D)

MVA AMP DEG
1955.56  8553.4  -~59.37
1379.09  6032.0  -57.05

Z+:1.298+3j12.190, 9.39423 z-:

<-SCMVA-> <-Sym I''k rms-->

/1/ AN(CI)

MVA AMP DEG
1939.77 8484.3 ~59.34
1364.16 5966.7 -57.04

Z+:1.316+j12.285, 9.33315 z-:

<-SCMVA~> <-Sym I''k rms-->

/I AN(D)

MVA AMP DEG
2083.18  9111.5  -59.85
1443.44  6313.4 -57.31

Z+:1.148+j11.428, 9.95287 z-:

<-SCMVA-> <-Sym I''k rms-->

/I/  AN(D)
MVA AMP DEG
2001.75 8755.4  -59.53

-33224  70:5.081+3j27.569, 5.42600

95177 70:4.862+j26.355, 5.42043

58703 70:4.941+j26.807, 5.42567

39329 70:5.014+327.212, 5.42747

33224 70:5.081+j27.569, 5.42600

95177 70:4.862+326.355, 5.42043

Page 4




LG 1405.07 6145.4  -57.14 ’
THEVENIN IMPEDANCE, X/R  (OHM) Z+:1.24. 1.904, 9.58802 Zz-:1.242+j11.904, 9.58, 20:4.941+326.807, 5.42567

/1/ AN(T)
Xmmmmmmmme BUS ~===—mmemm X MVA AMP DEG
7669 [SOLAR PP-19 132.00] 3PH 1955.45 8552.9 -59.37

LG 1379.01 6031.6 -57.05
THEVENIN IMPEDANCE, X/R (OHM) Z+:1.298+312.190, 9.39423 Zz-:1.298+j12.190, 9.39329

<-SCMVA-> <-Sym I''k rms-->

/T/ AN(T)

Xmmmmmmm e BUS ===—mmmeeee X MVA AMP DEG
7670 [SOLAR PP-20 132.00] 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
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Appendix-2

50 MW Solar PV Plant Model Parameters




50 MW Solar PV Plant Model Parameters
(Sponsored by M/s DACC)

_ PVGUI Model Parameters

0.02 | TIQCmd, Converter time constant for IQcmd, second
0.02 | TIpCmd, Converter time constant for [Pcmd, second
0.4 | VLVPLI - Low Voltage power Logic (LVPL), voltage 1 (pu)
0.9 | VLVPL2 - LVPL voltage 2 (pu)

1.11 | GLVPL - LVPL gain

1.2 | High Voltage reactive Current (HVRC) logic,voltage (pu)
2 CURHVRCR - HVRC logic, current (pu)

2 RIp LVPL, Rate of active current change

0.02 | T_LVPL, Voltage sensor for LVPL, second

‘ _ 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 - MVAR/Volt gain

0.9 | VMINCL

1.1 VMAXCL

120 | KVi- Vol MVAR gain

0.05 | Tv - Lagtime constant in WindVar controller
0.05 | Tp - Pelec 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




P200, PDCmax at 200 W/m2, pu

0.38 | P400, PDCmax at 400 W/m2, pu
0.59 | P600, PDCmax at 600 W/m2, pu
0.85 | P800, PDCmax at 800 W/m2, pu
1 P1000, PDCmax at 1000 W/m2, pu

T1, Time of the first data point, second

1000 | I1, 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 | I3, Irradiance at third data point, W/m2
20 T4, Time of the fourth data point, second
800 | I4, Irradiance at fourth data point, W/m2
25 15, Time 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 | I6, Irradiance at sixth data point, W/m2
35 T7, Time of the seventh data point, second
700 | I7, Irradiance at seventh data point, W/m2




(Typical)

The Report Includes the Typical Electrical Layout Design of a 100 MWp DC Project.
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1 Introduction

The Power house equipment and design can be divided into three major sections DC power, AC power
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.

Solar PV Geraration DC Comblnar L AC Combiner 132 XV Geid Station 132 KV Transmisslon Unes
unit

Contni and Supsrvision Canter

Figure 1.1:

1.1 DC Power System |
DC stands for direct current and all the systems that generate and process direct current (DC) come

under the DC power systems category. Following are the major components of a DC power System:

1.1.1 PV Modules
PV module is the major equipment for any solar PV generation system, it is the electrical generation unit

which converts solar energy into electrical power. There are many types of PV module technologies for
this project the type considered are polycrystalline (15%-18% efficiency) , monocrystalline (12%-16%
efficiency) and Thin-film{6%-10% efficiency). PV module is the most costly equipment and has more than
50% share of the total projects cost. PV panels are readily available because of fast production rate and

. excess manufacture capacity.

1.1.2 DC Combiner Box
DC Combiners box is a component that combines the DC current from the PV modules. This component

can be avoided if the inverter chosen for the Plant Design has an inbuilt DC combiner functionality.

1.1.3 Inverter

Inverter is the equipment that converts DC power 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.



1.2 AC Power System
Alternate Current or AC power systems include all the components that use or process alternate
current. Following are the major components of a AC power system:

1.2.1 AC Combiner Box
AC Combiner box is a component that combines the AC current form the Inverter. This component can

be avoided if the inverter chosen for the plant design has an inbuilt AC combiner functionality.

1.2.2 132 KV Grid Station

The power generated has to be conditioned in-order to meet the requirements of the National grid that
is 3 phase, 132KV and 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 LV to
MV transformers and switchgears, MV to HV Switch gears and transformers and Switch Boards etc. The

major component of the grid station is MV to HV transformer that is built on special order in accordance

with the design and could require 5 to 6 months manufacturers’ delivery time.

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:

1.3.1 SCADA System

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, DC component 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.

1.3.2 Metering Systems

AC and DC metering 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 by
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.

ey



2.0 Technical Diagrams Provided

The list of technical diagrams provided for the project are the following:

Diagram No.
1

W oo NV H_ WN

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 Grounding

General Description of Cable Trench Construction
Cable Trench Construction Details 1

Cable Trench Construction Details 2

33kV Distribution Switchgear

11kV Box Transformer Foundation Construction
1MW Integrated Inverter Room Electrical Guidance
1MW Integrated Inverter Foundation Construction
1MW Integrated Inverter Installation Diagram

3.0 PV Panel Specifications (Preliminary)

Solar Panels - PV Modules

i Type of Modules Polycrystalline

B In series 20 Modules
ii No. of PV Modules -

In Parallel 20,000 Strings

iii Total No. of PV Modules | Total Modules | 400,000

iv Array Global Power Nominal (STC) | 100,000 kWp
Y Total Module Area 650,752 sq. m

vi Panel's Frame Aluminium

vii Panel Warranty 25 years
viii No. of cells in series 60 (6x10)

ix Junction Box IP67

X Max Rated Power at STC 250 W

xi Open Circuit Voltage 37.54V

xii Max Power Voltage 29.98 Vv
xiii Short Circuit Current 8.84 A
Xiv Module Efficiency 15.29%




4.0

Inverter Specifications (Preliminary)

Inverters
input (DC)

i Max. DC Input Power 618 kW

ii Max. DC Input Voltage 1000V

iii DC Voltage Range 450-1000V
iv MPP Voltage Range 500-820V
v Max. DC Current 1236 A

Output (AC)

i Rated AC Output Power 500 kw

i Max. AC Output Power 600 kw

iii Rated AC Voltage Range 270-350V
iv Rated Output Current 916 A

v Max. AC Current 1099 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 P20

iv Warranty 5 Years




Electrical Drawings

The followings electrical drawings are provided:

Diagram No.
1

L oo NOTWUN A~WN

P S S S A =
i h W N RO

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 Grounding

General Description of Cable Trench Construction
Cable Trench Construction Details 1

Cable Trench Construction Details 2

33kv Distribution Switchgear
11kV Box Transformer Foundation Construction
1MW Integrated Inverter Room Electrical Guidance
1MW Integrated Inverter Foundation Construction
1MW Integrated Inverter Installation Diagram
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1. Detailed diagram of outside cable trench construction
should 150mm higher
longitudinal slope of trench cover top

2. Top of Station cable trench cover
than elevation,
should be in harmony with slope of station.

3. Trench longitudinal slope should be not less than 0.3%,

S.Trench cover right angle & its corner should avoid cable bendi
which should be at 45 deg corner cut.
10. In each 20m of trench,
asphalt mat filling
11.Backfill in both sides of trench should be compacted with
reinforced support.

Specs in drawing below
expansion gap should be 20mm with

2% cross slope, to guarantee smooth drainage. Trench  H4AKIEHY
bottom & inside wall should be brushed with 15 thick
1:2 cement mortar, Height of internal side is 200, after

applying trench cover pointing with 1:3 cement mortar
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SRR AR TS SF I R
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R-RAERAEE RRARRREEK TV LT

LI00X8 A% Milidn

5.trench cover plate without

0. TEREREEBREZHER]D 331 4B8—4, #ARJ1R. venicle load select 027331,

details on_page 31

1 TRARARRER) 255148~ 3. B, HERO A

8 SRAH BREEBRAETHE CORTNEAEER,
Bt 41p50 M ) A&k BT
BREATRE

4. Trench cover plate can be prefab. After trench cover plate is

b8-9

L8-3.8, details on page 53

prefabricated, positive & negative side should be marked.

B8-4 A

] 500
trench cover on road CrOSS e R
0. I RhERER AR EARRERRAR) 20 3314889, ﬁﬂ%fﬁth car load select 020331, 500*3) ;; 7ig_ | h g

details on page 31
ench cover beam to use

T?. Trench should be built professionally
13. Refer ¥YT-2004 for all selected components of trench

14. Trench inspection pit should be square, each side 1200mm

15. All metal components should be epoxy painted.
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Table trench angle  Cable trench -
detail

expansion joint

Special shaped

cover plate at corner & cross will be cast in place after construction of

trench. Steel rebar used will be same as for standard cover plate. Spacg 8 \ = ®if
between cover plates will be pointing with cement mortar 1:2. Aisle & E%%ﬁﬁlﬁﬁ&ﬁﬁ&ﬁﬁ%ﬂ 1% K1k e
pavement will have cover plate with handle every 5 plates. Angle steel b % % i General Description of

L100x8 will be buried at corner of trench to support cover plate. ¥ ¥ i B BARATERY

8. Underground trench crossing station square/roads each side of road ho# 1/ cable trench construction
should be within 1m. Trench crossing section (thickness increase 50mm) . & & H M 2013%0H I IX1306"TO1O5“O1UﬁkLA
TTQIICIT COVET PIACes ar Toag CrOSSINg Snpuia Mave SegTy STTENgTr 0 TART 3 5 T r3
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NATIONAL TRANSMISSION & DESPATCH CO. LTD.

\ quagmg Director NTDCL

No.MD/NTDC/€ PR} 4 R0 5] 0 Q ted: 24" January,2014

Syed Safeer Hussain, - @ O
Registrar, / (f D
NEPRA, v '\/\
Islamabad. i

SUB: GRID CODXEtADDENDUM NO.2 FOR SOLAR PVPOWER PROJECTS

>

N/ é})

This refers to/G.M (CPPA) letter No.COO/GM/CPPA/CE-II/MT- IV/GCRPmLI
dated 17-12-2013 vide which final 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, Govermment 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 Park. The evacuation scheme of the Park was
finalized long time ago and load flow study was also submitted to all relevant agencies. PC-1 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.

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.
NTDC had 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. o

The aforesaid notwithstanding, NTDC has carried out further studies to detelmm& tl
effect of solar power on NTDC system with reference of following parameters;- PR

“ 1. Short Circuit
L2 ““/ ,2l Transient Stability
a
01/ 3‘; Power Quality =
O 7 A copy of the study is enclosed for reference. A review of the study will mdlcate that—
..ot only most of the parameters are meeting IEC standards; most of them are even better than
- ~="the limits set by the IEC. The evacuation scheme fully meets the technical requlrements set out

in the draft Addendum No.2 to the Grid Code.
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In view of the above, it is now proved that so long as 1000 MW Quaid-e-Azam Solar
Park at Lal Suhanara is concerned, there is no issue of evacuation of power and that jt 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 fue] ojlg during better part of the day, a 10% ceiling for interim period might .
be an adequate choice.

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 more beneficial because it can meet power shortage during shortage period in short to
medium term and conservatiop of furnace oil durin g day time in the long term s0 as to utilize oj]

fired plants only during peak hours.
( glgﬁém ehmagn)— }l
M

In view the aforesaid, the Authority is Very earn
No.2 to the Grid Code as early as possible, '

aRaging Director NTDCL ~—.

Copy to:

I Secretary, Ministry of Water & Power, Islamabad.
>2. Additional Chief Secretary Energy, Govemnment of Punjab, Lahore.
3. Joint Secretary NTDC, MoW&P Islamabad.
4. CEO Punjab Power Development Board, Lahore
5
6
7

CEO Quaid-e-Azam, Solar Power Park Co. Govt. of Punjab, Lahore
General Manager (CPPA) NTDCL Lahore
General Manager (Power Planning) NTDCL Lahore

Master File . “ )

Page 2 of 2

{ TEL:+92-42 99202229, Fax: +92 42 99202053 [md@ntdc.com.pk, \.nv»\f,ntdc;om.pk

414-WAPDA House, Lahore.
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18. location and Infrastructure




a) Project Location

The site of the project 1s located within the premises of Quaid-e-Azam Solar
Park, Ial 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.

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 endre Pakistan. The
location of the project has the following inherent advantages:

* Availability of land and supporting infrastructure
* Access to roads and railways
= Availability of semi-skilled labour

The site has a desert landscape, with ground elevations ranging from 119m to
130m. The Site coordinates are longitude 71.8° and latitude 29.33°. Total land
area for the project is 40.5 square kilometers.
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) Infrastructure

Roads:

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.

Power Evacuation Line:

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.

Water Works:

Water will be required for dust prevention during the construction phase and
eventually for cleaning of modules in the operation phase.

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.



19. Technical Characteristics of Plant




a) Technology, Size, Number of Units

Given below 1s the detail of technology, size and number of units generated
from the project.

Solar P.V (Polycrystalline)
100 MWp DC
160,313,000 kWh




b) Interconnection with Grid, Distance, Voltage Level

Given below is the detail of interconnection with grid, distance from the grid
and voltage level:

500 m
Bahawalpur
132 kV/11kV




c) Technical Characteristics of the Generation Unit

Given below are the plant characteristics relating to generation voltage,
frequency, power factor and related information’s are given in the table below:

0.315kV /11kV/ 35kV/ 132 kV
50 Hz
0.95
Auto
Instant




d) Control, Metering, Instrumentation

Control equipment from renowned manufacturers shall be used for medium
voltage and high voltage levels in the plant as per the requitement of NTDC.
Main control shall be provided for MV lines, I.V/MV transformers, MV/HV
transformers, 132kV bus-bars and 132 kV transmission lines etc.

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.

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.



e) Project Power Generation

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 1s expected to drop at the rate of 0.5% every yeat.

100 MW, DC
160,313,000 kWh




f) Year, Make / Model, Commercial Operation Date and
Project life.

Information related to year, Make of the plant, Operation Date and Life of the
Project is given in the table below.

2014
China
Early 2015
25 Years




2) Supply Voltage

Information related to supply voltage and its supply to the grid 1s mentioned in
the table below:

11KV/132 KV
500 m
Bahawalpur
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1. Sponsor’s Profile

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.

After the 18" 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.

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 IPPs to develop renewable sources of energy.

The table below provides the key functions and the organogram of Energy Department
of GoPb.

. Development of power generation by exploiting hydel, thermal and

Functions of renewable energy resources

the Energy = Development of a power policy for Punjab which involves Legislation,

Department policy formulation and sector planning

] Acquisition, revocation of amendment of Licenses of Electric Supply
undertaking and approval of loads




Organogram of
the Energy
Department

Input in development and execution of Regulation monitoring and
granting Contractor Licenses and Supervisors Competency Certificate
and other matters connected with Licensing Boards

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

Energy Department

Secretary Energy

Chiot Eng S Managing Direetor
{Powaer} {PPDB)

Director Projects
{DOPPY



2. Project Description

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 1000-MW of electricity from
the solar energy through Quaid-e-Azam Solar Power (Pvt) Limited.

The project envisages setting up a 100 MWp DC Solar PV Power 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).The Project 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 EPC contract for which the EPC contractor is
being hired through ICB. The EPC Contractor will also be providing the O&M services for the
whole life of the plant.

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 Energy Department 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 years with annual power generation of approximately 160,313,000 kwh.

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).

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.



3. Salient Features of the Project

100 MWp DC Solar PV Plant

Quaid-e-Azam Solar Park, Bahawalpur

500 Acres

Government of Punjab

Quaid-e-Azam Solar Power (Private) Limited
100 MWp DC

160,313,000 kWh per annum

12 Months

PKR 15 Billion or USD 150 Million

Equity 25% 3,750.00 37.50
Debt 75% 11,250.00 112.50
Total 100% 15,000.00 150.00
The Bank of Punjab (BoP)
Financing Terms KIBOR + 3% for a period of 12 years including grace period of 1.5 years.

Financial Advisors Grant Thornton Consulting (Private) Limited (GTCL)
Legal Advisors HaidermotaBNR & Co (HMC)
UEGLICIRGIEIENE Engineering Consulting Services Punjab (ECSP)

(LTSN LTALELTCN |LF Consulting Engineer



4. Environmental and Social
Considerations

Initial Environment Examination (IEE) of the project has been undertaken by Engineering
Consulting Services Punjab (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 13" January 2014 granted environmental approval of the project.

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 fands 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.

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 Clean Development Mechanism {CDM).



22. HESSA- Environmental and Social Soundness
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AC Alternating current
CDA Cholistan Development Authority
CDM Clean Development Mechanism
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EPA Environmental Protection Agency
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ESP Electro Static Precipitator
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| IFC International Finance Corporation
LAA Land Acquisition Act, 1894
Mw Megawatt
NEQS National Environmental Quality Standards
NOx Nitrogen Oxides
PAP Project Affected Persons
PCRWR Pakistan Council for Research in Water Resources
PEPA Pakistan Environmental Protection Act
PEPC Pakistan Environmental Protection Council
| PPE Personal Protective Equipment
PV Photovoltaic
RAP Resettlement Action Plan
RCC reinforced cement concrete
‘ SOx Sulphur Oxides
TL Transmission line

100 MWp Solar Photovoltaic Project
Bahawalpur, Pakistan

Initial Environmental
Examination (IEE) Report



\ Engineering Consultancy
Energy Department ﬂ . ,
=D . Services Punjab (Pvt.)
%" = ""x Government of the Punjab il Limited

WA

EXECUTIVE SUMMARY

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 renewablé, 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.

M/S Engineering Consultancy Services Punjab (Pvt) Limited (ECSP) has entrusted
the responsibility of carrying out Initial Environmental Examination (IEE) for the
project. This IEE 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.

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.

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 (IEE) 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 | or Schedule Il (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 (IEE).

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

100 MWp Solar Photovoltaic Project Initial Environmental
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conventional approach to meet the minimum requirement of Punjab-EPA for social

and environmental sustainability standards and policies.

The IEE process, however, has undergone the following steps mandatory for any

environmental assessment:
¢ Review of secondary information;

e Collection of baseline information on physical, biological and socio-

economic conditions prevailing in the project areg;
¢ Impact assessment, mitigation and enhancement measures;
¢ Development of Environmental Management and Monitoring Plan; and
e Public consultation and disclosure.

Description of Project
Following are the salient features of proposed solar energy project:

Type of area Desert

Magnitude of the project 100 MWp

Solar power generation area 404 acres

Installation of other facilities 101 acres

Total land for proposed project area 505 acres

Type of technology Photovoltaic (PV)

Width of utility corridor 170 meter

Project completion time Around 24 months

Nearest TL interconnection 1km

Traffic planning Parallel to existing 132 KV TL
Type of equipment to be used Fixed installation type X-Si solar cells
Project components Grid station, switchyard, TL

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 generaily the area falls

100 MWp Solar Photovoltaic Project initial Environmental
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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.

Anticipated Environmental and Social Impacts
The IEE 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;

It is a source of renewable, environmental friendly, clean energy and its 10-20

years sustainability sounds beneficial.

» It will reduce greenhouse gases emissions comparing it with coal fired/ diesel

hence project may qualify for Clean Development Mechanism (CDM).
» Insignificant generation of atmospheric pollutants during operations.
o It will become an eye catch for tourism and educational institutions.
Besides positive impacts there are some under mentidned adverse but temporary
impacts that may arise during various phases, however, these could be easily
mitigated:
e 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 quality from emissions and accidental spillage. There may also be
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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.

* 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.

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.

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.

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 IEE and EIA Review
Regulations, 2000. Since there is ho community or affected person present within

the Project Area, so only views of the Government officials are given in the report.

Conclusions and Recommendations
The overall findings of this IEE 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 alt 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.

It is anticipated that no significant, long lasting and irreversible environmental and

social adverse impacts will emerge due to project interventions. Despite the

100 MWp Solar Photovoltaic Project Initial Environmental
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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.

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.
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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.) Limited (ECSP) has been engaged

to carry out Initial Environmental Examination (IEE) process as a part of above

mentioned services to fulfill the environmental regulatory requirements.

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:

Table 1.1: Coordinates Showing Project Location

Direction North East
A 773520.271 3245735.347
B 774980.758 3247182.020
C 774980.758 3246199.678
D 774726.969 3245735.531
E 773520.271 3245735.581

The satellite imagery of location of Cholistan Desert and blow-up of the Project Area

are shown in the Figure 1.1.

100 MWp Solar Photovoltaic Project 1 Initial Environmental
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Figure 1.1: Project Location through Satellite Imagery and Project Site Plan

100 MWp Solar Photovoltaic Project Initial Environmental
Bahawalpur, Pakistan Examination (IEE) Report



A Energy Department ﬂ‘—\ Engineering Consultancy
o T ; Services Punjab (Pvt.)
‘i‘\ E% Government of the Punjab ot Cimited

LN

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:

Identification of impacts on physical (including land, water, and air),
biological/lecological, 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).

1.4 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 IEE 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 IEE 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’ which is also considered mandatory by
those Asian countries where solar parks have been constructed. The parallel

example is Rajasthan Solar Power Park in India®.

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

' Environmental Impact Assessment and water use license for the proposed solar park integrated

Eroject. (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.
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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 MWop solar plant
project envisages a brief environmental statement, i.e. IEE report. Anyhow, EIA

report will be required later.

1.6 Purpose of the Report

The purpose and scope of this IEE 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 IEE 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.
The objectives of this report are:
¢ Impact assessment, mitigation and enhancement measures.
¢ Development of Environmental Management and Monitoring Plan (EMMP)

e Public consultation and disclosure.

100 MWp Solar Photovoltaic Project 4 initial Environmental
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2. LEGAL AND ADMINISTRATIVE REQUIREMENTS

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 (IEE) 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 | or Schedule I
(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 IEE, 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.

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.

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.

100 MWp Solar Photovoltaic Project s Initial Environmental
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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. lts 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.

2.1.1 Pakistan Environmental Protection Act, 1997
The Pakistan’'s Environmental Protection Act, 1997, empowers the Pak-EPA to:

Delegate powers including those of environmental examination/ assessment

to the provincial EPAs/ EPD.

o Identify categories of the projects to which the environmental examination/

impact assessment provisions will apply.

e Develop guidelines for conducting IEE and procedures for the review and

approval of the same.

e Develop environmental emission standards for parameters such as air, water

and noise pollutants.

e 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.

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

100 MWp Solar Photovoltaic Project 6 Initial Environmental
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minimum standards set by the Pakistan EPA. They are also required to review and

approve |[EEs/ ElAs of all the development projects.

2.1.2 National Environmental Quality Standards, 2000
The NEQS 2000 specify the following standards:

» 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).

Allowable noise levels from vehicles.

2.2 Interaction with Other Provincial Agencies
It is the responsibility of project Proponent to ensure that project complies with the

faws and regulations controlling the environmental impacts at pre-construction

requisites, construction and operation stages of the project.

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.

2.2.2 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.

2.2.3 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

100 MWp Solar Photovoltaic Project . Initial Environmental
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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.

2.2.4 Agriculture Department

it also requires a liaison with the provinbial 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.

2.2.5 Coordination with District Government

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.

2.3 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.

2.3.2 Local Government Act 2001 and Amended in 2003

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.
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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.

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.

100 MWp Solar Photovoltaic Project 9 Initial Environmental
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3. APPROACH AND METHODOLOGY

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 (IEE report).
Secondly, contemporary literature was comprehensively reviewed regarding
technical details of the PV technology and the related information. Based on these
approaches, this IEE 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.

The IEE 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 IEE 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:

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 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 hydrogeoiogy, 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.
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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.

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 12" to 19" November, 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 IEE report.
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:

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.

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.

3. Mr. Ghulam Dastgir, Senior Surveyor, recorded coordinates and used his
foreign experience regarding GIS.

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.

5. Engr. Salman Majeed, Junior Engineer, recorded ground truths through

structured questionnaire and also helped out other team members in record

keeping.
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6. Mr. Shehzad Akhtar reviewed this IEE report with his valuable comments

and necessary corrections.

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:

Physical Environment
e A detail description of the topography and geology.

* Effects of electromagnetic field on human health;

e Disposal of photovoltaic cells;

e Climatic conditions and air quality in the project area which included
particulate emissions, NOx, SOx, wind speed and direction, precipitation,

relative humidity, ambient temperatures, and annual rainfall etc;
e Life cycle assessment of photovoltaic cells;

o Water quality standard for washing solar panels.

Ecological Environment

e Flora;

e Fauna;

e Reserved forests and wildlife sanctuaries in and around the project area;

e Endangered species (both flora and fauna), if any.

Social and Cultural Environment

e Demographic characteristics;

¢ Identification of poor and vulnerable groups, and to develop strategies to

ensure that such groups should get benefit from the project;
e Adequate public/stakeholders consultation and participation;

e Identification of impacts on available common resources of the community
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due to the project;

Gathering information from the local communities on various environmental

and social parameters of their localities;

Socio-economic conditions in the study area;

Impacts of noise, dust, exhaust emissions and odour on local System affected

persons and on affected community;

Impacts of proposed solar power plant on adjacent or nearby property;

Impacts on employment and cultural values.

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:
e Pre-construction
e Construction
e Operation & maintanance

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.

3.5 Reporting

The team of consultants recorded all collected information in the form of IEE report

as per guidelines of the Punjab-EPA.
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4. PROJECT DESCRIPTION
This section deals with the present conditions of the project in terms of salient

features, project justification, analysis of alternatives and construction arrangements.

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.

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—burrent.
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 selenide/ 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.
Figure 4.1: PV Technology Schematic Diagram®
Sunlight; Electron Free Non- Sunlight; No Electron Free
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® Alfred Smee (1849)
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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.

4.2.1 Components of Solar Power Station

Following are the components of solar power station:

o 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 6m?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 Figure 4.2.

Figure 4.2: Drilling and Height of Solar Panels

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,

% Kari Larsen (2009). Recycling solar PV panels (www.renewableenergyfocus.com)
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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.”

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.

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.

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.

4.4 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.

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.

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,
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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.

Table 4.1: Salient Features of the Project

Type of area Desert

Magnitude of the project 100 MWp

Solar power generation area 404 acres

Installation of other facilities 101 acres

Total land for proposed project area 505 acres

Type of technology Photovoltaic (PV)

Width of utility corridor 170 meters

Project completion time Around 24 months

Nearest TL interconnection 1 km

Traffic planning Parallel to existing 132 KV TL
Type of equipment to be used Fixed installation type X-Si solar cells
Project components Grid station, switchyard, TL

4.4.2 Other Power Generation Options

Two major potential power generation options available in Pakistan are still

untapped, viz. solar and wind.

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.
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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 Thal. 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.

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.

4.5 Construction Aspects
Standard |[EE 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:

4.5.1 Contractor's Facilities
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.

4.5.2 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.
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Table 4.2: Energy Source Comparison5
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
Output can be regulated to meet demand

Hydroelectric dams are expensive to build
Dams may be affected by drought
Potential for floods

Natural Gas

Widely available

Cleanest-burning fossil fuel

Often used in combination with other fuels to
decrease pollution in efectricity generation

Made safe by adding artificial odor so that people
can easily smell the gas in case of a leak

Transportation costs are high

Lack of infrastructure makes gas resources unavailable from some
areas

Burns cleanly, but still has emissions

Pipelines impact ecosystems

Efficient transportation fuel for the world

High CO2 emissions

Petroleum
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 nifrogen 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 fo 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 COz 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 (uniike coal plants that need Heated waste water from nuclear plants harms aquatic fife
trainloads of coal every day) Potential nuclear proliferation issue
Geothermal Minimal environmental impact Geothermal fields found in few areas around the world

Efficient
Power plants have low emissions
Low cost after the initial investment

Expensive start-up costs
Wells could eventually be depleted

5 ) . . .
www.energy4me.org/energy-facts/environmental-protection/environmental-impact-by-source/
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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.

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.
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5. BASELINE ENVIRONMENTAL CONDITIONS
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.

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.

5.1 Physical Environment

Information placed below has been extracted from the secondary sources:

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 N and 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.

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 interiof desert is by means of camels. There is little or no

vegetation in desert areas due to extreme climatic conditions and the grazing
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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 al., (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 al., 2002)

5.1.2 Climate/Weather

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 al., 2006 reported that high temperatures, low hlumidity, strong
winds and a high rate of evaporation transform the desert into a death valley with

extremely harsh environments during summers.

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 2D seismic data acquired by various companies in the

last 50 to 55 years in Pakistan.

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.
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Figure 5.1: Topography and Geology of Project Area
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5.1.4 Land Use .
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®

SR# LAND USE AREA AREA (%)
(ACERS)

1 Total arable area 991,815 75%
2 Uncultivated (waste) area 324,387 24%
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%
5.1.5 Soil

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

® FAQO, Global Forest Resources Assessment, 2000
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dunes and ridges, interspaced with greatly reduced interlunar plains (Arshad et al.,

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.

5.1.7 Noise

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).

5.1.8 Water

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

" Quantitative measurement of environmental monitoring was outsourced to GEL for dust emissions,
noise level and quality of ground/surface & wastewater of the project area.
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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.

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.

5.1.9 Groundwater
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.

51.10 Community Assets
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:

8 pakistan Council for Research in Water Resources (PCRWR), Regional Office, Bahawalpur
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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.

Table 5.2: Details of Community Assets

S# Type of Structures Quantity

Peter pump room

Camp building of Rangers

Hand pump

1

2

3 | Solar panel for Ranger's camp
4

5

1 Peter pump

Total Structures & Assets

5.2.1 Flora

The assessment area for terrestrial flora encompasses the terrestrial envircnments
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.

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 common project vegetation is classified into different ecological zones as

follows:
e Sand-dune vegetation
¢ Inter-dune vegetation
e Vegetation on saline patches

o Aguatic vegetation

® Naz et al., 2010
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s Cultivated areas
e Border vegetation

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 impotency®.

5.2.3 Wildlife Fauna
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 insects’".

From the secondary sources of information it is learnt that project area is uniquely
known as the host of a great variety of wildiife 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
WWEF 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:

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,

° Qureshi et al., 2010
" Please refer to the Photo-log placed at Annex-D.
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(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.

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 brama, (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.

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 braminus.

d. Insects and Vectors

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.

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:
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Table 5.3: Ecological Status of Wildlife Fauna

Long-eared Hedgehog

Nilgai antelope X
Black buck X

Chinkara gazelle X

Hog deer X

Red fox X
Bengal Fox X

Golden Jackal

Porcupine

Caracal cat X

Mongoose

Jungle cat
Indian Wolf X
Wild boar
Honey Badger or Ratel X
Little Civet X
Indian (Black-naped) Hare

Smooth-coated Otter

Indian rhino X

5.2.5 Game Reserves and Protected Areas
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.

5.3 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 will relocate the camp as soon as project will become

under construction stage.

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.
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‘Lal Sohanrais a national parkof Pakistan situated in Bahawalpur district of;f
' Punjab province, which is one of the largest national parks in South Asia. Lal Sohanra is*
‘spread over 153,000 acre and is notable for the diversity of its landscape, which includes
areas of desert, forest and water.

‘The 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, laggar
-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. 5":‘
. The Punjab government has planned to convert the Lal Sohanra National Park into a wildlife -
.safari park of international standard. One of its most prominent attractions is currently the
lion safari, which allows guests o 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 of
;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.
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6. POTENTIAL ENVIRONMENTAL IMPACTS

Determining the significance of impacts identified is one of the main purposes of this
IEE 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 muiti-dimensional 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.

This IEE 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 IEE. The impact assessment has been based on that

environmental checklist developed and enclosed as Annex-B.

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.

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
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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.

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:
¢ duration of the impact;

spatial extent of the impact;

reversibility;

likelihood; and

Legal standards and established professional criteria.

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:
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.
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:

e 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.

100 MWp Solar Photovoltaic Project 33 Initial Environmental
Bahawalpur, Pakistan Examination (IEE) Report



Engineering Consultancy
Services Punjab (Pvt.)
Limited

Energy Department

Government of the Punjab ECSP

£2)

£ 5.?&;;5‘3‘

Table 6.1: Criteria Used to Determine Magnitude of Impact

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.g. 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, oceur
oceurring construction conditions | or best case (positive exceptional or
impact) operating emergency
/ conditions conditions

e On the basis of reduction in the GHG emission this project may qualify for

Clean Development Mechanism (CDM).

o 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.

o 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 tc that better social and environmental

benefits are visualized.
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An impact matrix has been developed based on sensitivity and magnitude of impacts

as shown in Table. 6.2

Table 6.2: Impact Matrix

Temperature
Water
e Surface Water 0 0 -2
¢ Ground Water 0 0 0
o Wastewater 0 -1 +2
Air 0 -1 -1
Noise 0 -1 0
Light Pollution 0 0 -1
Municipal Waste Disposal 0 -1 -1
Hazardous Waste Disposal 0 0 -2
Effluents Disposal 0 -1 -1
Material Supply 0 -1 -1

Trees

o Shrubs -1 0 2
» Vegetation -1 0 2
Fauna
¢ Mammals 0 0 1
¢ Reptiles 0 0 2
¢ Birds 0 0 0
Insects/Vectors 0 0

Health & Safety

Transportation 0 2 2
Civic and aesthetics 0 0 2
Employment 0 2 1

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
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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.

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.

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:

6.5.2 Environmental Impact during Construction

(@) 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.
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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.

The most affected persons by the noise may be the labor working at site who may

use ear-plugs during working with the machinery.

(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
poliute 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.

(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.

. 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.
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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.

(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.

(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.

(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
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period. As regards the vehicular movement on the access roads, the chance of

further ecological dames is meager.

6.6 Environmental Impact during Operational Stage

(@) 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.

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.

(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.

(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.

(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.
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(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.

(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.

(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.

(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.
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7. MITIGATION MEASURES FOR ADVERSE IMPACTS
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:

7.1 Physical Environment

7.1.1 Prevention of Exhaust Gas and Dust Pollution

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:

e 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.

e Vehicles should run at a slow or limited speed to reduce dust emission,

which should be around 15 km/h.

¢ Covered trucks should be used to deliver the construction material.

e The concrete batching plant should be set within the enclosed
construction camp.

e 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.

e 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.

e Surface vegetation and some soil conservation techniques are

protective measures against dust emission. They should be promoted
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so that secondary dust may not be spread during operation stage of
the project.

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:

The contractors should ensure the use of low noise and low vibration

construction equipment.

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.
e Construction work should be carried out during day time if possible.

e (OSHA Guidelines on ‘Noise Limits for Construction Site’ should be

followed'?.

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.

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,

2 OSHA Guidelines 1970
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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;

In addition, some of the construction waste excavation can be recycled

the remaining can be transported together with the domestic waste to

some nearby landfill.

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 poliuting the surrounding.

¢ 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.

e 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 heaith.

e 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.

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
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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:

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.

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.

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 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.

The use of large machines should be minimized during the
construction. After excavation, the foundation trenches should be
concreted as soon as possible and backfilied 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.

After construction, the cable ducts should be backfilled in time, with the
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original landform recovered.

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.
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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 IEE. The
EMP summarizes project impacts and describes proposed mitigation measures. it

also identifies the authorities responsible for implementing mitigation measures.

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.

Table 8.1: Responsibilities for Environmental Management

Pre-Construction Environment Management|{ Ensure EMP requirements are included fully in contract
Committee documentation.
Construction Contractor e Implement EMP

e  Undertake monitoring activities

e  Reporting to Site Engineer

Environment ¢ Oversee and monitor environmental management
Management Committee activities and standards.

Project Supervisor/ e Undertake day-to-day supervision of EMP activities.
Site Engineer e  Ensure environmental impacts are acceptable.

e  Ensure adequate and prompt remedial actions are taken
as required.

e Liaise with public and respond to environmental issues.

Environment Protection +  Ensuring observance of statutory environmental
Agency, Punjab management and monitoring standards;

e Auditing EMP and reviewing IEE report.

Operation Executing Agency and Operation and maintenance.
Inhabitants B

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

100 MWp Solar Photovoltaic Project 46 [nitial Environmental
Bahawalpur, Pakistan Examination (IEE) Report




Energy Department

é% Government of the Punjab

Engineering Consultancy
Services Punjab (Pvt.)

1 {HY J Limited

and responsible manner, and in accordance with the recommendations of IEE.

Recommended monitoring plan of the proposed project are presented in Table 8.2.

Table 8.2: Environmental Management and Monitoring Program

CONSTRUCTION PHASE
Soils
Soil Erosion Check that any exposed soil is contained within the Weekly Contractor
erosion controls.
Monitor proper management of excavated soil/silt Monthly Contractor
including timely removal of material from project site
Surface and Ground Water Quality
Surface runoft Monitor measures to channelize surface runoff As required Contractor
management
Contamination from 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 suppression measures Daily Contractor
preparation, excavation undertaken
Storage and transportation Monitor adequacy of measures undertaken to prevent Daily Contractor
of construction materials, fugitive dust
excavated soil and silt
Noise emissions from Monitor preventive measures being implemented to curb Daily Contractor
construction vehicles noise
Solid Waste
Disposal of solid waste Monitor to ensure solid waste generated is being Daily Contractor
disposed properly
Flooding
Blockage of drainage due Monitor to ensure construction activities does not cause Weekly Contractor
to construction activities flooding
at the project site.
Health and safety of construction workforce
Monitor adherence to all occupational and safety Weekly Contractor

Health and safety
requirements

requirements

100 MWp Solar Photovoitaic Project
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Fl'equency
Health check up of workers | Monitor adequacy of health checkup service provided. Monthly Contractor/
Engineer
Sanitary conditions of Monitor provision of shelter, water supply, excreta and Monthly Contractor/
construction campsite solid waste management at 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 resolution of claims etc. .
Engineer/
EMC
|
Hardship and Monitor to ensure that communities and business face Weekly Contractor/
inconvenience to public and | minimal hardship and inconvenience due to construction ,
. s Engineer
business activities
OPERATION PHASE
Operation and Maintenance | Monitor implementation of preventive and all Monthly EMC
of the System maintenance work
Awareness campaign Review and monitor effectiveness of the awareness Quarterly EMC
regarding environmental campaigns conducted
responsibility of the staff for
sustainable management of
resources and
environment.

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.
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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.

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.

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.
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9. PUBLIC CONSULTATION AND INFORMATION DISCLOSURE
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.

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.

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.

9.1 Legal Requirements of Public Consultations
According to the IEE 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.

9.2 Stages of Public Consultation
Acceptance of the project by the stakeholders will be assessed through the following
steps:
e lIdentification of stakeholders for environmental perspective
e Extensive consultations with all stakeholders to obtain their opinion and
concerns
e Participation of the consultants in the public hearing arranged by EPA to

answer queries raised by other participants

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.
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9.4 Interviews with Key Informants

During the IEE 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

Table 9.1: Concerns of Stakeholders

Category

Visits to Government
offices, line agencies and
NGOs

Summary of Feedback
Pakistan is facing energy crisis, 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.

Interviews with well- Not applicable

informed persons falling
in project area

Interviews with affected Not applicable

people and communities

Scoping sessions in Not applicable

affected villages
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10. CONCLUSIONS AND RECOMMENDATIONS

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:

Absence of any significant sensitive terrestrial habitats in the project area;

Construction of a building with provision of basic and allied facilities for the

operational staff; and

¢ [mprovement in the existing landscape.

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:

10.1 Beneficial 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.

10.2 Adverse Effects

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.

10.3 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.
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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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NO. DD (EIA)/EPA/F-948(1EE) /2013/0701/&)
Dated: /3 /0172014
To,
Mr. Najam Ahmed Shal,
Chief Executive Officer,
M/s Quaid-c-Azam Solar Power (Pvi) Limited,
Suit No. 503-Shaheen Complex, Fgerton Road,
Lahore.
Subject: ENVIRONMENTAL APPROVAL
(Under Section 12 of the PEP Act. 1997 (amended in 2012) read with IEE/EIA
Regulations, 2000)
i. Deseription of Project: Development of [00-MW Solar Photovoltaic Park/
Project over an arca of 503 acres.

Je

2 Location of Project:

3 Date of receiving of case

ENVIRONMENT PROTECTION DEPARTMENT

Government of the Punjab

The Project site is located near Laal Sohanra Park,
District Bahawalpur.

20.07.2012,
After review of the Initial Environmental Examination (IEE) Report, SIR by DOE

.
and othier refevant record, the Environmental Protection Agency, Punjab accord approval for
construction phase of the above-mentioned project to safeguard the environmental issues subject

to the following conditions:

i

vis.

viil.

Xt

xil.

The proponent shall ensurc compliance of Numional Environmental Quality

Standards (NEQS).
m the [EE Report and  Environmental

Mitigation mcasures  suggested
Management Pian (EMP} shall be stictly adhered to minimize any negative

impacts on soil, ground water. air and biological resources of the project area.
Monitoring shall be carricd out during the entire period of the project activitics.
Monitoring reports of the whole operation shall be submitted to EPA, Punjub on
quarterly basis.

Camping sites shall be Jocated ai suitable distance away from any scttlement 1o
avoid disturbance to the local people. Sewags generated from camping sites shall
be treated in septic tanks and souk pits. .

The area around the project site shall be kept cloan.

The proponent shall dispose of solid waslc In a proper scientific way in

consultation with TMA/District Government.
The proponent shall ensurc efficient health and first aid treatment fucilitics for

protection of workers.
The proponcent shail plant 5000 indigenous specics of trees around the project arca
on available space within six months and shall do proper landscaping aficr

completion of the project.
The construction material shall be piled / stored 1n such a way that it shall not

destroy the flora { environment of the locality.
The proponcnt shall care about noise issucs during construction and operation

stagc of the project.
‘The objections/complaints of the locals/stakehiolders (if any) shall be redressed on

priority basis.
‘The proponent shall provide campensution 1¢ the inhabitants in casc of loss of

agricultural fand, crop, property, ete. in accordunce with the relevant reics and that
are agreed upon. There under all conlliciing issucs regarding compensation, efc.

activities.

shall be settled anicably by the competent authority before the start of the project
!
IET 17

v

PO



xiii.  The proponent shall obtain NOC / clearance from all other concerned departments
before commenecment of work.

xiv.  The proponent shall appoint Environmental Mmm.gcr having qualification of
M.Se. Environmental Scicnces or equivalent qualification recognized by the

competent authority/ forum for the project and shall convey his name along with
his complete Mailing Address and Phone Numbers.
The Proponent shall be lable for correctness and validity of the mnformation

3

supplicd by the envirommental consultant.
6. The Proponent shall be liable for compliance of Regeulations 13. 14,17 and 1:§ of
IEE/EIA Regulations, 2000, regarding approval, contirmation ol compliance, entry, nspeciions

and monitoring,
7. This approval is accorded only for the constuction phusc 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 IEE/EIA Regulations, 2000.
8. Any change in the approved project shall be communicated to EPA, Punjab and
shall be commenced after obtaining the approval.

9. This approval shatl be valid {for comtacneement of construction) for a period of
three years [rom the date of'issue under regulation 16 of 1EE / E1-A Regulations, 2000.

10. This approval can be withdrawn at anytime without any prior notice if deem
necessary in the public / national interest.

Ve D2lam .

(SALMAN ASLAM)
ASSISTANT DIRECTOR (EIA)
for Director General, EPA, Punjab

Ph: # 042-99232228,

NO. & DATE EVEN.

A copy is forwarded for information to:
1. The District Officers (Environment), Bahawalpur w.ri. his letter No.

16139/EIA/DO/EPA/BWP dated 10.10.2015. He is requesied to ensure
compliance of the above-mentioned conditions under intimation 1o this oilice.

’N”‘QW 2 Joar,

{(SALMAN ASLAM)
ASSISTANT DIRECTOR (E1A)
for Director General, EPA, Punjab




23. Safety and Emergency Plans

Llarthing System

The carthing system shall satisfy relevant standards and shall be designed
following best practices. Ilarthing system shall consist of main copper earthing
mesh along with copper carth bars installed at various locations around the
perimeter of plant.

Subsidiary branch copper connections shall be made between the main earthing
mesh and various items of the plant, metal frame works and housings ctc. The
power plant shall be provided with over-voltage protection system connected
to proper carth 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.

We shall also carry out site tests for soil resistivity to determine the parameters
of the carthing system. The design and design calculations of the carthing
system shall be subject to approval of the Employer.

Protective Equipment & Interlocking Devices

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
Iimployer review and approval.

The protection equipment shall be complete with all relay panels, instruments,
meters, interposing current and voltage transformers, transducers and all

auxiliary equipment.

l'ire Prevention / Protection plan

A 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
cquipment capable of extinguishing incidence of fires. The following fire
prevention/protection systems shall be provided:

* Mobile fire protection system



* 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.

Linvironmental protection and labor safety

O1l 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.

Noise Source of Booster Station and Noise Prevention Measures

The notse 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).

Iixcavation Safety Assurance

Mechanical construction personnel must be aware of safety, obtain relevant
certificates  in  working, follow commanding and observe the integral
assignment.

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.

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.

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.



Ul

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.

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.

All construction personnel must access the foundation pit through ladder. It 1s

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.

Work Hnvironment 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 cartied out upside down. It is not allowed to cut the
slope toe.

¢) During manual excavation, the surroundings must be carefully checked to
remove loose rocks or rocks may fall on the pit wall to avoid personnel
1njury.

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.

¢) Construction at night must be carried out under sufficient lighting.

Construction Safety Measures

The safety goal is to avoid heavy accidents and to minimize the accident rate.
‘T'he minor injury accident rate should be controlled under 0.5%o and we should
strive for constructing a standardized construction site.

Monitoring Indexes of Safe construction

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



any scrious accidents should be avoided so as to realize the safety goal of zero
casualty.

‘T'he Guarantee System of Safe construction

For the guarantee system of safe construction, please see figure below.
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Sccurity Personnel Responsibility System

‘The project department should set up a quality department with full-time
sccurity personnel, and implement the safe construction responsibility system
as below:

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 Positions and Responsibilities for Construction Safety

‘The project manager is the first person responsible for the comprehensive
construction safety.
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‘The deputy project manager, as the second person responsible, should assist
the first person responsible and undertake the detailed responsibility for
construction safety.

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.

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.

I.eaders 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.

‘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.

Operation personnel in each process should strictly enforce the safety
operating rules, and actively participate in various learning and training to
enhance safety awarcness.



24. 'Training and Development

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.

The EPC contractor will handle operations and maintenance of the plant for
twenty-five years after the commissioning of the project. However, it 1s part of
the contract with the [ZPC 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.



25. Schedule I

‘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 [EPC contractor is still under process and will be confirmed

in due time.

Annexutre 33
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Process Flow Diagram
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INTERCONNECTION

ARRANGEMENT FOR DISPERSAL OF POWER FROM
THE GENERATION FACILITY/SOLAR FARM

The power generated from the Quaid-e-Azam Solar Park Bahawalpur shall
be dispered via 132 KV transmission line to NTDC/ MEPCO netwotk. Futhermorte,

‘ Power Evacuation Plan prepared by NTDC is also attached in annexure 25.

If there 1s any change in the final dispersal arrangement, the same will be

communicated to NEPRA in due course of time.



Schematic Diagram

For Interconnection /Transmission Arrangement for Dispersal of Power

from QASPPL.
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Detail of Generation Facility

A. General Information

| . | Name of : N : .
i Applicant/Company Quaid-e-Azam Solar Power (Private) Limited
. Registered /Business 3rd Floor, 83A - I£/1, Main Boulevard,
Office Gulberg I1I, Lahore
. iii | Plant l.ocation Lal Sohanra, Bahawalpur
iv {yp‘e‘ of Generation Solar Power
Facility

B. Solar Farm Technology & Capacity

d "
i Type of Technology h?\(/))tc?:&th
1 System Type Grid Connected

Installed Capacity of Solar
Plant (MW)

100MWp DC

C. Typical Solar Equipment Details

a) Solar Module

Type of Module — Polycrystalline
Grid Connected

Ground Mounted

Fixed-Tilted

Nominal Power- 100 MWp DC




b) Inverter

e Jor DC to AC conversion
e Nominal Power- 100 MW

c) | Transformers

132 kV

Transformer Power

i. Type of Transformer Step-up Out door type
o d) | Lightening Protection and Ear thing and Grounding System
L Number of Light Arrestors Available
e) | Testing and Measurement Equipment
;| Multimeter (volt, amp, resistor)
i Irradiation Meter
i | Mega Resistor Meter
v Farth Resistor Meter
f) | Control Room
. 1. Data Record Continuous d@ta logging with data
logeing software
ii. Control Room System Computerized data acquisition
system
g) | Mounting Structure
1. Structure Use Array frames
i1. Attay Specification Certified for seismic and wind
requircments
1t Mounting Structure Sustainable for 25 years
h) | Grid Connection
1. Control building for grid

Type of Control Room

connection supervision available




ii. Data Record Continuou§ logging with data
logging software
C terized dat uisiti
- Control Room System ompuierized data aequision
| system
D. Other Details
Iixpected Life of Project from
25 Years

1. Commercial Operation Date
(COD)




26. Schedule 1T

The total installed gross ISO capacity of the generation facility, total annual full
load (houts), 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.

Annexure 34




SCHEDULE-II

Total Installed Gross ISO Capacity of the ‘
: Generation Facility / Solar Plant (MW) 100 MW, DC
2 Total Annual Full L.oad (Hours) 1865
3 Average Sun Availability >18 hdo?jll;rs per
. 4 Total Gross Generation of the Generation | 160,313,000 kWh
Ifacility /Solar Farm (in kWh) pet annum
5 Annual Energy Generation (25 year 3,727,585,500
cquivalent Net AEP) KWh kWh
0 Net Capacity Factor 18.2%
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.
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