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SUBJECT: STATEMENTS OF AUTHOR@D REPRESENTATIVE, ON BEHALF OF K1 ]

SOLAR_POWER LAHORE (PRIVATE)} LIMITED, IN RESPECT OF AN
APPLICATION FOR A GENERATION LICENSE RELATING To 15 MWP
SOLAR _POWER PROJECT LOCATED AT MOUZA RAKH CHABEEL
MANKERA, PUNJAB, PAKISTAN

I, CHARLES ANTON MILNER, holding Passport No. 525622078 (British), being:

a) the DIRECTOR of K1 SOLAR POWER LAHORE (PRIVATE) LIMITED (a company
duly established and existing under the laws of Pakistan with its registered
office located at 2™ Floar, No. 9, Farid Jot Road, Lahore, Pakistan) (the
Applicant); and

b} the duly authorized representative of the Applicant in terms of the authority
and powers vested in and conferred on ME, ANTON MILNER, vide the duly
passed resolution(s) of the board of directors (the Board) of the Applicant
dated 14/02/2019.

hereby, pursuant to the applicable laws of Pakistan, including the ‘Regulation of
Generation, Transmission and Distribution of Electric Power Act, 1997 (the NEPRA
Act) and the rules and regulations made thereunder (including regulation 10(2) of
the ‘National Electric Power Regulatory Authority Licensing (Application &
Modification Procedure) Regulations, 1999 and the 'National Electric Power
Regulatory Authority Licensing (Generation) Rules, 2000°) (the Applicable NEPRA
Laws) submit, on behalf of the Applicant, to the NATIONAL ELECTRIC POWER
REGULATORY AUTHORITY (the Authority) an application (together with the
documents attached thereto) (the Generation License Application) relating to 15
MWp solar power project located at Mankera, Punjab, Pakistan (the Project).

[, CHARLES ANTON MILNER, certify, on behalf of the Applicant, to the Authority that
Generation License Application has been prepared and submitted in conformity with
the Applicable NEPRA Laws and undertake, on behalf of the Applicant, to the
Authority to abide by the terms and provisions of the same. In addition, 1, CHARLES
ANTON MILNER, confirm, on behalf of the Applicant, to the Authority that the
information provided in the Generation License Application is true and correct to the
best of MY, [CHARLES ANTON MILNER]'S, knowledge.

Further, |, CHARLES ANTON MILNER, on behalf of the Applicant, confirm to the
Authority that the Generation License Application is being submitted with the required
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generation license fee (as communicated by NEPRA) through a non-refundable bank
draft/pay order in the amount of PKR 250,956/ (Pakistani Rupees Two Hundred Fifty
Thousand, Nine Hundred and fifty six only) drawn in favor of the Authority.

Sincerely,
For and on behalf of:
K1 SOLAR PHWER LAHORE (PRIVATE) LIMITED

CHARLES ANTON MILNER
DIRECTOR & AUTHORIZED REPRESENTATIVE
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COPY OF EXTRACT OF RESOLUTION PASSED BY BOARD OF
DIRECTORS OF K1 SOLAR POWER LAHORE (PRIVATE)
LIMITED
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BOARD RESOLUTIONS

“It is hereby unanimously resolved that:

(A)

(B)

K1 SOLAR POWER LAHORE (PRIVATE) LIMITED (a private company duly established and
existing under the laws of Pakistan with its registered office located at 2* Floor, No.
9, Farid Jot Road, Lahore, Pakistan) (the Company), having obtained a Letter of
Interest in favour of its sponsors for the development of a 15SMWp solar power
project to be located at Mankera, Punjab, Pakistan (the Project) from the Punjab
Power Development Board, January 9, 2018; and having made steady progress in
respect of the development of the Project;

BE AND IS HEREBY AUTHORIZED to prepare, finalize, deliver, file, apply and submit,
pursuant to the applicable laws of Pakistan, including the ‘Regulation of Generation,
Transmission and Distribution of Electric Power Act, 1997’ (the NEPRA Act) and
the rules and regulations made thereunder (including regulation 10(2) of the
‘National Electric Power Regulatory Authority Licensing (Application &
Modification Procedure) Regulations, 1999° and the ‘National Electric Power
Regulatory Authority Licensing (Generation) Rules, 2000") (the Applicable NEPRA
Laws), an application (together with all documents attached thereto) (the Generation
License Application) before the NATIONAL ELECTRIC POWER REGULATORY AUTHORITY
(the Authority) for the Authority’s approval of the Generation License Application
and to, inter alia, enter into and execute all required documents, make all filings,
attend all hearings, provide all required information and pay all applicable fees, in
each case, of any nature whatsoever.

FURTHER RESOLVED THAT, in respect of the matters relating to the Generation
License Application, MR. CHARLES ANTON MILNER (being the Director of the
Company and having Passport No. 525622078) is mEREBY singly appointed as
authorized representative of the Company and is HEREBY authorized and empowered
for and on behalf of the Company, as the Company duly appointed AUTHORIZED
REPRESENTATIVE, to address, perform, negotiate, decide, execute, implement and/or
undertake all matters of any nature whatsoever in relation to the Generation License
Application including, without limitation:

@) review, execute, submit, and deliver the Generation License Application and
any related documentation required by the Authority for its approval,
including any contracts, documents, powers of attorney, affidavits,
statements, letters, forms, applications, deeds, guarantees, undertakings,
approvals, memorandum, amendments, letters, communications, notices,
certificates, request statements and any other instruments of any nature
whatsoever;

(ii) represent the Company in all negotiations, representations, presentations,
hearings, conferences and/or meetings of any nature whatsoever with any
entity (including, but in no manner limited to the Authority, any private
parties, companies, partnerships, individuals, governmental and/or semi-
governmental authorities and agencies, ministries, boards, departments,
regulatory authorities and/or any other entity of any nature whatsoever);

(iii) sign, execute and deliver, for and on behalf of the Company, all necessary
documentation (including any contracts, documents, powers of attorney,
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(iv)

V)

affidavits, statements, letters, forms, applications, deeds, guarantees,
undertakings, approvals, memorandum, amendments, letters,
communications, notices, certificates, request statements and any other
instruments of any nature whatsoever), pay the necessary fees, appear before
any entity (including the Authority, any private parties, companies,
partnerships, individuals, governmental and/or semi-governmental authorities
and agencies, ministries, boards, departments, regulatory authorities and/or
any other entity of any nature whatsoever), as required from time to time, and
do all acts necessary for processing and approval of the Generation License
Application, by the Authority;

further sub-delegate any or all of the aforementioned powers and authorities
to one or more officers of the Company or any other person or persons,

singly and/or jointly; and

do all such acts, deeds and things as may be necessary for carrying out the
purposes aforesaid and give full effect to the above resolutions.

11
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CERTIFICATION
CERTIFIED TO BE TRUE COPY

CERTIFIED, that, the above resolutions were duly passed by the board of directors of K1 SOLAR
POWER LAHORE (PRIVATE) LIMITED (a private company duly established and existing under the
laws of Pakistan with its registered office located at 2™ Floor, No. 9, Farid Jot Road, Lahore,
Pakistan) on 14/02/2019.

FURTHER CERTIFIED, that the afore-stated resolutions have not been rescinded and are in

operation and in full force and effect as at the date hereof and that this is a true copy of the
same.

P COMPANY SECRETARY

12
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AUTHORITY LETTER '

«

THIS AUTHORITY LETTER Is executed on this 22™ day of February, 2019 in Berlin.

WHEREAS |, MR. CHARLES ANTON MILNER (being the director of the Company and
having [Passport No. 525622078]), son of [Karl-Heinz Milner], resident of [Ernst-
Ring-Strasse 4, 14129 Berlin] (the "General Attorney”) am the duly constituted
authorized representative of K1 SOL.AR POWER LAHORE (PRIVATE) LIMITED (a private
company duly established and existing under the laws of Pakistan with its registered
office located at 2™ Floor, No. 9, Farid Jot Road, Lahore, Pakistan) (the "Company”)
vide the Company's board resolution(s) dated February 14, 2019 (the “General
Authorizations™);

AND WHEREAS, the Company having obtained a Letter of Interest in favour of its
sponsars for the development of a 15 MWp solar power project to be located at
Mankera, Punjab, Pakistan (the "Project”) from the Punjab Power Development
Board, dated January 09, 2018 and has made steady progress in respect of the
development of the Project;

AND WHEREAS, in terms of paragraph B(iv) of each of the General Authorizations, the
General Attorney is authorized to designate any person or persons all or any of the
powers conferred upon the General Attorney under the General Authorizations as
the General Attorney may deem fit;

AND WHEREAS, the General Attorney, in terms of paragraph B(iv) of each of the
General Authorizations, appoints, nominates and authorizes:

(1) MR. ADEEL AHMED, son of [Ahmad Khan Dar], resident of 73 Saville Road
Gatley, SK8 4BY having [Pakistani] passport number [AF7999853), to act
singly; and

(2) MR. MURAD CAN, son of [Taner Can], resident of [Westfaelischestrasse 62,
10708 Betlin Germany], having [DEUTSCH] passport number [C3JJPL57Y],
to act singly;

as its altorneys in its place and in its name (the “Sub Attorneys"), in respect of
perusing development of the Project, and more particularly to:

. review, execute, submit, and deliver the Generation License Application
and Tariff Petition and any related documentation required by the National
Electric Power Regulatory Authority, Pakistan {the "Authority”) for its
approval, including any confracts, documents, powers of attorney,
affidavits, statements, letiers, forms, applications, deeds, guarantees,
undertakings, approvals, memorandum, amendments, letters,
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communications, notices, certificates, request statements and any other
instruments of any nature whatsoever,

represent the Company in all negotiations, representations,
presentations, hearings, conferences and/or meetings of any nature
whatsoever with any entity (including, but in no manner limited to the
Authority, any private parties, companies, partnerships, individuals,
governmental and/or semi-governmental authorities and agencies,

ministries, boards, departments, regulatory authorities and/or any other

entity of any nature whatsoever);

sign, execute and deliver, for and on behalf of the Company, all necessary
documentation (including any contracts, documents, powers of attorney,
affidavits, statements, letters, forms, applications, deeds, guarantees,
undertakings, approvals, memorandum, amendments, letters,
communications, notices, certificates, request statements and any other
instruments of any nature whatsoever), pay the necessary fees, appear
before any entity (including the Authority, any private parties, companies,
partnerships, individuals, governmental and/or semi-governmental
authorities and agencies, ministries, boards, departments, regulatory
authorities and/or any other entity of any nature whatsoever), as required
from time to time, and do all acts necessary for processing.and approval
of the Generation License Application and the Tariff Petition, by the
Authority.

CERVIFIED TO BE TRUE COPY
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K1 SOLAR POWER LAHORE |
__PRIVATE LIMITED = |

LAHORE



SN P SRR TR e e SRERTERY W

SOLAR POWER LAHORE

AND I HEREBY ratify and confirm all lawful acts done by the said Sub Attorneys pursuant
to this Authority Letter,

SIGNED AND executed in the presence of the following witnesses on the day, month and
year first above written,

CHARLES ANTON MILNER

WITNESSES:

VE AR SN

ADDRESS: S‘u(ww%wefw ol ! ﬂ'i PoZi s\
PASSPORT NO.: ¢ 35 26047
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BACKGROUND TO GENERATION LICENSE APPLICATION

PROCESS OF ISSUANCE OF LETTER OF INTENT, LEADING TO GENERATION
LICENSE APPLICATION

ISSUANCE OF “LETTER QF INTENT”

The sponsors of the project M/s. ib vogt GmbH (the Main Sponsors), M/s. Vogt Solar
Limited and M/s. Milner Vermégensverwaltungs GmbH (collectively, the Sponsors)
were issued a LETTER OF INTENT by the Punjab Power Development Board (the
PPDB) on January 9, 2018 vide its letter No. PPDB/R.E/DRE/27/2018 (the LOI) to
develop and establish a 15 MWp solar power project to be located at Mankera, Punjab
(the Project) — Attached as ANNEXURE A. The Sponsors had also submitted a bank
guarantee for an amount equal to US$ 15,000/- (United States Dollars Fifteen
Thousand enly) issued by dskari Bank.

ESTABLISHMENT OF SPECIAL PURPOSE VEHICLE

Alter issuance of the L.OI, the sponsors of the Project incotporated a special purpose
vehicle that is, K1 SOLAR POWER LAHORE (PRIVATE)} LIMITED’S (& company duly
organized and existing under the laws of Pakistan, with its office located at 2™ Floor,
No. 9, Farid Jot Road, Lahore, Pakistan) (the Project Company). A copy of the
Project Company’s Certificate of Incorporation is attached hereto as ANNEXURE B for
NEPRA’s perusal.

CHANGE IN CONSORTIUM

In due course, one of the original sponsors of the Project, Green Energy UK Direct
Limited was replaced by Milner Vermdgensverwaltungs GmbH which change was
duly approved by PPDB vide Letter No. PPDB/R.E/MRE/133/2019 attached as
ANNEXURE C,

SUBMISSION OF INITIAL ENVIRONMENTAL EXAMINATION.

The Project Company hired consultants, AAA Environment Advisors, who completed
the initial environmental examination for the Project (the Initial Environmental
Examination) and the Project Company submitted the same to the Environmental
Protection Agency, Punjab (the EPA) on September 9, 2018.

After careful review and analysis of the Initial Environmental Examination, the EPA
accorded its approval for the Project through its decision (Ref: No. DD
(EIAYEPA/393(IEE)/2018/616/1808) dated June 4, 2018 (the IEE Approval
Decision). A copy of the IEE Approval Decision is attached hereto at ANNEXURE D
for NEPRA’s perusal.

GRID INTERCONNECTION STUDIES

15
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1.2

1.2.1

1.2.2

[.2.3

The Project Company engaged independent consultants, ARCO Energy Consultants,
who have conducted the grid interconnection studies (the Grid Interconnection
Studies). The Grid Interconnection Study approval was received from Faisalabad
Supply Cooperation on March 20, 2019 and is attached herewith as ANNEXURE F. for
NEPRA’s perusal,

SUBMISSION OF THE FEASIBILITY STUDY

Pursuant to the relevant provisions of the Punjab Power Generation Policy, 2006 (the
Punjab Power Policy 2006} and the LOI, the Project Company, through the Main
Sponsor, completed the detailed tochnical feasibility study for the Project, (including
geo-technical investigation, topographic survey) and the Project Company submitted
the same to PPDB for its approval on September 3, 2018 (the Project Feasibility
Study). A copy of Project Feasibility Study is attached hereto as ANNEXURE F for
NEPRA'’s perusal. A copy of the Panel of Expert’s approval of the Project Feasibility
Study is attached hereto as ANNEXURE G,

REQUEST FOR GRANT OF A GENERATION LICENSE

Based on the matter provided in Section 1.1.1 through 1.1.6 above, whereby the Project
Companyhas undertaken and completed all activities required for procurement of
approvals from various stakeholders it is submitted that the requirements of the
regulatory process for applying to NEPRA for grant of a generation license for the
Project Company are complete,

SUBMISSION

Under the Regulation of Generation, Transmission and Distribution of Electric Power
Act (XL, of) 1997 (the NEPRA Act) and the National Electric Power Regulatory
Authority Licensing (Generation) Rules 2000, the National Electric Power Regulatory
Authority (NEPRA) is responsible for and has the authority to, infer alia, grant licenses
for the generation of electric power and other terms and conditions for the supply of
electricity through generation, '

PURSUANT TO the NEPRA Act, the National Electric Power Regulatory Authority
Licensing (Application & Modification Procedure) Regulations 1999, National
Electric Power Regulatory Authority Licensing (Generation) Rules 2000, AND in
accordance with the Punjab Power Policy 2006: K1 SOLAR POWER LAHORE
(PRIVATE) IJIMITED HEREBY SUBMITS, for NEPRA’s kind and gracious
consideration, the application for the grant of a generation license along with
supporting documents (the Generation License Applieation) for its 15 MWp power
generation facility to be located at Mankera, Punjab, Pakistan,

Given the advance stage of the Project, NEPRA is kindly requested to process this
Generation License request at the earliest, thereby enabling the Project Company to
proceed further with the development process.

16
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1.2.4  This Generation License Application is submitted in triplicate.

1.2.5 The generation license fee, payable by the Project Company, in respect of this
Generation License Application is also enclosed in the form of a pay order for an
amount of PKR 250,956/ (Pakistani Rupees Two Hundred Fifty Thousand, Nine
Hundred and fifty-six only} drawn in favor of the Authority.

17
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APPLICANT ~ K1 SOLAR POWER LAHORE (PRIVATE) LIMITED

2.1

2.2

23

The Project Company, being the applicant under this Generation License Application,
is a private limited company incorporated under the laws of Pakistan and has been
specifically established to undertake power generation business and activities in
Pakistan,

The Project Company (following grant of a generation license and approval of the
Project Company’s reference generation tariff by NEPRA) proposes to design,
engineer, construct, insure, commission, operate and maintain the Project constituting
of a 15 MWp solar power generation facility (the Facility) to be located at Mankera,
Province of Punjab, Pakistan (the Site).

The following supporting documents relating to the Project Company are attached
herewith as follows:

: __"‘4‘-'“!5‘?!‘-% = Chl

Shareholding Pattern ANNEXURE H
Memorandum and Articles of Association ANNEXURE [
Certificate of Incorporation ANNEXURE B

18
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FACILITY UTILIZATION

3.1.3

3.14

3.2

3.2.1

ELECTRICITY DEMAND

Pakistan is a developing economy having a constant growth in industrialization
coupled with a constantly rising demand for electricity. The long standing gap between
demand and supply of electrical power has resulted in excessive and frequent load
shedding, resulting in determinant and loss to the economy and socio-economic
development in the country, ‘

The demand for electricity has continued to increase by out pacing the growth rate of
the economy. In the past years, shortfall at times crosses 6000 MW and this is the time
when urban areas have 8-12 hours of load shedding and small cities/ rural areas have
18 hours of load shedding. While it may be arguable that the demand and supply gap
in electricity it is soon to be bridged, however the same does not account for the fact
that a developing economy, coupled with growing consumption and demand could
result in another cycle of shortfall in potential supply, which could be the major cause
for stunned growth in the industrial sector in Pakistan, The industry, having its self-
generation on gas, has a suspended supply of gas for 2-3 days a week during winters.
Pakistan's major electricity sources at present are thermal and hydro generation,
meeting approximately 97% of the country's annual electricity demand. The primary
thermal generation fuels employed are furnace oil and gas. While both fuels are
produced domestically, demand for them already outstrips supply by a considerable
amount. Oil imports are already a significant burden on the national exchequer and the
increasing import bill continues to exert further pressure on the foreign exchange
reserves. Therefore, securing alternative fuels and the technical management should be
strengthened to solve these problems and solar power, a cleaner source of energy can
play a very important role in overcoming Pakistan’s growing energy crisis.

In light of compliance by the Project Company of all requirements under the Punjab
Power Policy 2006 for eligibility of an application for a generation ficense and
following grant of a generation license and approval of Project Company’s reference
generation tariff, in each case, by NEPRA, the Project Company will finance, design,
engineer, procure, construct, install, test, complete, commission, insure, operate and
maintain the Project at Site,

The proposed Project will, following its completion, contribute towards relieving the
shortage of electric power in the country and continuing to ensure that the supply of
electricity continues to meet the growing demand.

Based on a thorough analysis of the national electricity generation structure and in light
of technical parameters, it is anticipated that the Project shall operate as one of the most
competitive independent power producers in Pakistan.

POWER OFF-TAKE

Following commercial operation date of the Project, the electricity generated will be
sold to the Central Power Purchasing Agency (Guarantee) Limited), as an agent of the
ex-Wapda distribution companies (the Power Purchaser) pursuant to an energy
purchase agreement (the EPA), which in turn will distribute and modulate the
electricity generated by the Project Company.

19
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3.2.2  The EPA will be finalized and executed by and between the Project Company and the
Power Purchaser following NEPRA’s approval of the Project Company’s twenty-five
(25) years reference generation tariff, the grant of a generation license to the Project
Company and the issuance by the Government of Pakistan of the Letter of Support.

20
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THE SPONSORS

4,1.2

4.1.4

4.2

4.3

43.1

4.3.2

AN INTRODUCTION

The Main Sponsor, Vogt Solar Limited and Milner Vermdgensverwaltungs GmbH
intend to be a major player in developing projects in the energy sector with particular
emphasis on development of renewable energy projects through investment in efficient
and profitable projects.

The main sponsor of the Project shall be M/S. IB vOGT GMBH. Established in 2002, ib
vogt GmbH focuses on developing and delivering high-quality large-scale turnkey PV
plants worldwide. As a manufacturer-independent integrated developer with a strong
worldwide network of local development partners the company provides high-quality
turnkey PV plants, designed and engineered in Germany, to end investors
internationally. IB VOGT employs over 150 experts in all areas of the solar power plant
value chain, The family-owned company creates business in more than fifty-nine (59)
countries, operating internationally from its headquarters in Berlin, Germany and
offices in UK, USA, Australia, Panama, Poland, Spain, India and South East Asia, as
well as several joint venfures across Africa. Company Profile — Attached as
ANNEXURE J,

Vogt Solar Limited’s activities cover project development, engineering, procurement
and construction, operation and maintenance and ownership and asset management of
its solar farm portfolio. The company focuses on solar farm solutions to maximize
lifecycle performance.

Milner Vermogensverwaltungs GmbH is a limited company which holds solar farm
assets and currently hold a portfolio of 30MW approx.

FINANCIAL HIGHLIGHTS

The Main Sponsor ibvogt GmbH turnover for year 2018 was > 200 Million Euros. A
summary of each Sponsors’ audited financial highlights for year 2017, 2016 & 2015
are attached herewith as ANNEXURE K.

COMMITMENT TO PROJECT

The Sponsors are committed to playing its part in the development of Pakistan’s
various sectors. Realizing the role of clean energy, the Sponsors endeavor to play a
positive role in the development of renewable energy in Pakistan and through the
Project, the Sponsors intends to promote technological development, constructien,
operation and maintenance of solar power plants. ‘

The unmatched standards of corporate governance, efficiency, safety and operations
established by the Sponsors in projects around the globe are now expected to be
replicated in its selar power generation venture in Pakistan — thus raising the bar for all
future solar power projects.
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5. RESOURCES
5.1 SENIOR MANAGEMENT & PERSONNEL
5.1.1  Given the Sponsors’ long standing engagement in the solar industry, the Project
Company has access to and has engaged the highly qualified personnel for the
development of the Project. The Project Company is presently under the process of
appointing various personnel and details of the same will be provided upon finalization
of the terms and conditions of their appointment. '
5.1.2  Inaddition, the curriculum vitae of the following individuals currently engaged by the
Project Company are attached herewith at ANNEXURES L, M, N, AND O:
1. | ANTON MILNER DIRECTOR L
CARL VON BRAUN | DIRECTOR M
DIRECTOR EURASIA AND
. N
3. | MURAD CAN LATIN AMERICA
MANAGER BUSINESS
4. | ADEEL AHMED DEVELOPMENT 0
53 LEGAL ADVISER
5.3.1 HAIDERMOTABNR & C0. has been selected by the Project Company to provide legal
support on all legal aspects of the Project including Project documentation, regulation
and financing matters, HaidermotaBNR & Co. has been actively involved in the power
sector and projects and has advised various project companies / sponsors, lenders and
the Government of Pakistan on various transactions and matters. It is ranked by
Chamber & Partners as a “Band I” firm in Pakistan for Projects, Banking & Finance
and Corporate & Commercial.
5.4 FINANCIAL ADVISORS
5.4.1 ERNST & YOUNG (FORD RHODES SIDAT HYDER) (E&Y) has been selected by the

Project Company to provide support on all financial aspects of the Project. E&Y has
been actively involved in the power sector and infrastructure projects in Pakistan.
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6.

CAPITAL BUDGET

6.1

6.2

The estimated total Project cost (the Total Project Cost), expressed in United States
Dollars, has been calculated after thorough analysis, evaluation and understanding of
the dynamics that affect the development and operation of a solar power plant. The
Total Project Cost comes to approximately Million US$ 14.58 /- (United States Dollars
Fourteen Million Five Hundred Seventy-Five Thousand, Nine Hundred and Seventy-
Nine).

The capital structure of the Project is proposed as follows:

USD

2,915,196

11,660,783

14,575,979

23
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FINANCIAL PLAN

7.1

7.1

7.1.1

7.2

7.2.1

722

The Total Project Cost of US$ 14,575,979/- (United States Dollars Fourteen Million
Five Hundred Seventy-Five Thousand, Nine Hundred and Seventy-Nine only) is to be
financed in a debt to equity ratio of 80-20,

DEBT

It is expected that the debt for the Project (the Debt) will be secured from a Bank/DFI
which will provide foreign financing in United States Dollars to the Project Company.

EouIity

Based on the Debt to Equity ratio of 80-20, the equity required to be injected by the
Sponsors (the Equity), amounts to USD 2,915,196/~ (United States Dollars Two
Million Nine Hundred Fifteen Thousand, and One Hundred Ninety-Six only). The
Sponsors will subscribe to the total amount of the Equity required for the Project from
time to time.

The financial strength and net worth of the Sponsors is illustrated by the Audited
Financial highlights attached at ANNEXURE K.
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8. THE FACILITY
8.1 TECHNOLOGY
8.1.1  Technology Selection Criteria
The technology for the Project has been shortlisted/selected after detailed analyses of
various power generation technologies available internationally for the purposes of
power generation through solar. Various factors were considered in selection of
equipment and technology which included:
(a) equipment to be of latest proven technology, megawalt class and high
efficiency;
(b) safe transportation of equipment to the Site;
(c) maintainability of the equipment and availability of personnel;
(d) energy output with warranted power curve and performance warranty;
(e) grid compatibility with proposed energy yields and grid code requirements;
and
) suitability of operation and maintenance concept for the size and location of
projects with suitable availability of spare parts, consumables and main
components.
8.1.2  The Selected Technology

The Project Company has selected the equipment for the Project:

Sr. No. | Equipment Brands
l PV modules Tier 1 (Hanwah Q-Cells, Jinko, Trina, Longi solar or
similar)
2 Single Axis Leading global supplier (Arctech, Soltec, Schletter)
Tracker
3 Inverters ABB, GE, Sungrow, HUAWEI
4 DC/AC brand Faber or Huawei
5 Step —up Siemens, ABB, TBEA, QRE, Chint
transformers
6 Medium voltage | Siemens, ABB, Chint
switch gear and
132KV
substation
7 SCADA Gatner, ABB, Schneider
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Additional Plant Technical Details

Plant Configuration:

L. Installed Capacity: 15 MWp

2. Capacity at Operating Conditions: 13.602 MWp (50°C)
3. Auxiliary Consumption approx.: 120 KvA

4. Net output (MSC): 12.4 MW (AC)

5. Life of facility: 25 years

The Project will be set up using Monocrystalline bifacial PV modules, which will be
installed in arrays, and their DC output will be converted in to AC through inverters.
Thereafter, a group of arrays/inverters will be routed to step-up
transformer(s)/switchgear(s) for connecting to the system as per the interconnection
scheme.

Detailed plant configuration is provided in ANNEXURE P, ANNEXURE Q Schedule
Part I and Schedule Part II and ANNEXURE F attached hereto.

8.2 THE PROJECT SITE

8.2.1 The Site of the Project is located near the village of Mankera, Punjab. The area has
been extensively surveyed and due to its predominantly flat topography has been
identified as having strong potential for the proposed solar project. The following other
parameters have also been considered for the implementation of the Project at the
proposed Site:
{(a) Forecasted power output;
(b) Access to the proposed site (materials and equipment transport feasibility

study);
{c) Suitability for the surrounding environment;
(d) Utility connections for electric, gas and water supply; and
(e) Grid Station connection a 66/11KV grid station is located approx1mately
4.5km from the Site,

8.2.2 The Project Company has privately acquired the land for the development of the
Project, The nearest settlement to the proposed Site is Mankera town (4 km north west).
The Site is located at 538m above sea level, The size of the whole solar farm is about
62.4 acres.

8.2.3 The coordinates of the Site are as follows:

Sr. No. | Entry Details
1 Site Name Mankera Solar Farm
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2 Site Coordinates | P1=31°24'3,62"N, 71°28'42.77"E
P2=31°24'15.96"N, 71°28'42.54"E
P3=31°24'16.54"N, 71°29'8.41"E
P4=31°24'4.38"N, 71°29'7.94"E

3 Altitude 164 m (Highest recorded value)
162 m (Lowest recorded value)
4 Proposed AC and | 125 MW AC ~ 15 MW DC
DC capacity
5 Global irradiation | 1784 KWh / m? (Solar GIS)
levels

FIGURE 1: SITE OVERVIEW
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ENVIRONMENTAL AND SOCIAL SOUNDNESS

9.1.4

INVESTIGATION SUMMARY

The investigations at Site have shown that in general the realization of the Project is
possible at the Site from an environmental point of view and no adverse impact on the
existing flora and fauna at Site is expected. The Facility will not emit any solid, liquid
and gaseous waste during the entire life of the Project and thus the power will be
generated without polluting the environment of the surroundings.

A data collection survey that included geology, meteorology, hydrology, ambient air
quality, water quality, soil characteristics, noise levels, shadow forecasting, flora and
fauna, land use pattern, and socioeconomic conditions was undertaken based on
available secondary information or data collected in the field. Primary data was
collected to establish baseline conditions for the soil, water (surface and ground)
quality, flora and fauna, and noise. Secondary data was collected for land, ecology,
climate, and socioeconomic factors.

It was observed that the area is highly underdeveloped and there is no industrialization
in the area and thus the baseline emissions are very low. The nearest settlements of
human habitats are located 4-5 Km away from the Project Site. There is very sparse
vegetation in the forms of herbs and shrubs, there being no reserved forest site or
sanctuary located within the Project land area that needs to be demolished. The Site is
located in remote areas with very little social and commercial activity and thus limiting
the long term social impact.

Noise impacts will be around 52 DB(A) at 3m which are within the range as per
National Environmental Quality Standards (NEQs) of Pakistan, But at distance of
100m from the noise impact will also be negligible. As the nearest dwelling/residential
area from the site is almost at 3-4 km from the solar farm. Hence the noise impact due
to operation of solar farm will be almost zero. The environmental disturbance normally
associated with construction activities will be minimized through an Environment
Management Plan (EMP), implementation of which will continue during Project
operation and which includes monitoring arrangements.

There exist high potential of solar energy at the Site and the proposed Project will help
in tapping this potential without impairing the environmental conditions of the area.
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9.2

9.2.1

IEE REPORT APPROVAL FROM THE ENVIRONMENTAL PROTECTION AGENCY,
PUNJAR

As already submitted in Section | (Background o Generation License Application)
above, the Punjab EPA has already accorded its approval to the IEE Report for the
Project through its decision dated September 9, 2018. A copy of the IEE Approval
Decision is attached hereto at ANNEXURE D.
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10.

SAFETY

10.1

The Project will be implemented in accordance with internationally accepted health
and safety standards and in-line with the acclaimed practices and procedures. The
Sponsor’s, entails introducing and establishing its unmatched safety standards and
procedures in the business operations of the Project Company, so as to establish an
enviable benchmark in the country’s solar energy sector.
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11.

TRAINING AND DEVELOPMENT

11.1

Periodic environmental and HSE trainings will be given to employees working in the
project area. The management of K1 Solar Power Lahore (Private) Limited understands
the requirement of diligence and care in this respect and will develop strict SOPs for
the health and safety of workers. Various sessions of in-house trainings will also be
conducted in the Project.
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12, PROJECT FEASIBILITY STUDY

12.1  The Project Company engaged leading technical consultants for elaborating the Project
Feasibility Study and for supervising the solar measurements and preparing conceptual
design of the Facility.

122 A copy of the Project Feasibility Study is attached hereto at ANNEXURE F.
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IMPLEMENTATION SCHEDULE \

13.
13.1  The following table provides the key milestones and dates for the Project’s
development to date:
COMPLETION DATE

January 9, 2018
September 9, 2018
March 20, 2018
March 3, 2019

13.2  The following table provides the key upcoming milestones and dates for the Project"s

development:

NEPRA’s

approval
Upen NEPRA’s
determination

15 days after Tariff
determination by
NEPRA

7 days after submission
of Performance
Guarantee

Within the time period
allowed under the LOS

Within the time period
allowed under the LOS

Within the time period
allowed under the LOS

6 months following
Financial Close

Following Commercial
QOperations Date
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14. CONCLUSION

4.1 In light of the submissions, the relevant financial analysis and information contained
in this Generation License Application, along with the Annexures attached hereto, this
Generation License Application is submitted for NEPRA’s kind consideration and
grant of the Generation License to the Project Company,

Respectfully submitted for and on behalf of:
K1 SOLAR POWER LAHORE (PRIVATE) LIMITED

MR, ADEEL AHME‘Z’/
AUTHORIZED REPRESENTATIVE OF

K1 SOLAR POWER LAHORE (PRIVATE) LIMITED

34



- ‘Bubject:

Refergnce:

3 mbH.(Main Sponsor)- - L
Head office Helmboltzstr 67229, 10587 E

i member),

[ ‘pi) FOR THE' DEVELOPWMENT OF. A5 MW, SOLAR

:-along With IS ‘mendments

NOWI thls Ietter of mterest (herema

ity Sfudé 1y fér éswtélbhshmg an

-apprawmate[y 15 MW prlvate so[ar power pro;ect In Punjab sub;éct tdnihe following:»

equired, to Com : Project Feasibility Study for th“-sub;ect
and: clst to; and Wuthout any obligation on-the part of, - vt of
the F’unjab-a dits ‘agencies; within: nine (09) months:from ; ate of O!!.--'Thé.r;e

ut thie: Profect: Feasubl!lty Stuidy: fcemr‘)lete arid
r.get approved a _lntemaﬁonaﬂy aeceptable standa s and in accordan - eiwﬁh the: terms
di i thy bility <&t

. ad\nsed to =lalse Wlth the power Pl 'chaserw sle determlmng your prant 5|2e and sﬁtei
project ]ayout,_ transmlssmn linean Intercennecilon arrangements, ete.

ptogress Hgalnst these. mllestenes;

Page:d of 3



. Seeretarm Enefgy'De rt

d.
B i h‘é conductiof the: Feas:blhty Study
/ -attalnm'ént- of the af’aresa!d miles]
£
9. The validity: is pine (08 months date-oFits: lSSLiéinCe, ki fteF or
wveldte it, it found otherwis f will automatically lapse immediately.
__lty or: yeur condusting’a Feas]b;llt Study
Furthermore, axtefsion: in validity: ofthé LOTwil only berpra\nded.upon: T £
fbank guaran{ee in double: fhe~onq1nal -amount and valid: beyond 180 days of the -
I
i

e e
PPDB within thlrty (i O){-days of it :ssuance

(SANI (A AWAIS)
MANAGING DIREGTOR
‘PUNUAB POWER DEVELOPMENT BOARD

Ag sfated above

. Secretary, Miniaty 6FEfiergy

),/ Goyt.-of the: Pun;ab Lafiore
Govf of: the Punjab, Lahare:

CmeflExecu‘twe G)ffl‘c"e g :

Page:? of3



Ay

Activities

IsSuance:of L) by PPDB:

o } Sighied LOI & formation:c
compahy registered with SECP '

of

.}ement oft Oonsultaﬁcy Semce and Award !

: :Consultant o

: ' Pat4, Collectlen '

T "Geo-Techhical mvestlgatlen B

',”Topographic Survéy, ,
studies

ment and related

o 'Eiectnoa] & Grsd Interconnectlon S’t* dy? o

o 'IEEs, Somal‘and resettleme tS{ di

| Selection -of Fmal Layout and S:zmg of Pow«ar

Plant

; Oj:ihmlzatlon of Selected L -

] Draft; Feas:bmty le5|gn

‘.'Fmanclal Model Includes U‘nl"' rafe Analys
| Costing, Ecohomic & Finanial Anajysus and
: ‘Ultlmate Tariff

Incerp@rahon of P

17,

{ Final Feasibility Repert Submlss
GFPOE,

9

manths |

Pagediofs




i3}
Ay
T
AL




2,

FHE COMPANIES ORDINANCE, 1984

H

i (Private Company Limited by Shares)

ARTICLES OF ASSOCIATION

OF

K1 SOLAR POWER LAHORE (PRIVATE) LIMIE

PRELIMINARY

Company lo be
governed by the
Articles & Table
'A' nol o apply.

any confhct between the prowsmns referred to and the prowsnons
herein contained and the incorporated Regulations of Table 'A', the
provisions herein contained shall prevail.

INTERPRETATION

|mpor1|ng pérsons shall also include corporate badies.

The 'Articles’ means these Articles as originally framed or-as from Articies
time to time allered in accordance with law.

The 'Commission’ means the Securiies and Exchange Commission
Commission of Pakistan.

The 'Board’ means Board of Directors for the time being ofsthe Board
company.

£
The 'Chief Execulive’ means an individual who subject to the Chiel Executive

conirel and directions of the directors, is entrusted with the whole or
substantially the whole, of the powers of management of the affairs
of the company and includes a director or any other person
occupying the position of a chief execulive, by whatever name
called, and whether under a contract of service or olherwise.
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sAfter once at least in every calendar
4 the close of its financial year and nol more than fif
N

e
26, Al general  meetings of acompany other than annual general meeting Extra Ordinary
shall be called extraordinary general meetings.. General Meeting
27, The directors may, whenever they think fi, call an extracrdinary general  Galing of'an Exira
meeting; Extraordinary general meeting shall also be calied on such requisitions grdlnar{‘;\n |
orin default,  maybe called by such requisitions, as is provided by Section 159, enerat Meeling
If at any time thereare not within Pakistan sufficient  direclors, Gapaines.
of acting toform a quorum, &ny director of the companys
extraordinary  general,  meeling in the same manner g
possible as that in  which meetings may be called by the direel .
NOTICE AND PROCEEDINGS OF "\,
GENERAL MEETINGS
28. Twenty-one days' notice at the least {exclusive of the day on which the notice is Notice

served or deemed lo be served, but inclusive of the day for which nolice is given)
specifying the place, day and the hour of meeting and, in case of special business, the
general nature of that business, shall be given in manner provided by the Ordinance
for the general meeting, fo such persons as are, under the Ordinance or the
regulations of the company, entitled to receive such notices from the company, bulthe
accidental omission to give notice to, or the non-receipt of nolice by, any member
shall not invalidate the proceedings at any general meeling. In case of extraordinaly
meeting a shorter notice may be given with the consent of Registrar as provided in
Section 159 and for passing a special resolution, meeting may be conveyed on a
shorter notice with the consent of all the members as provided in Section 2 (1) {36k

L3

29.. All business shall be deemed special that is transacted al an exiraordinary general Seecial busines
meeting, and also all that is transacted at an annual general meeting with the exception of
declaring a dividend, the consideration of the accounts, balance sheet and the reports of
the directors, and auditors, the election of directors, the appointment of, and Ihe fixing of
the remuneration of the auditors.

30. No business shall be transacted at any general meeting unless a quorum of members js  Quorum
presenl at that time when the mesting proceeds to business; save as herein otherwise "
nrovided, members having twenty five per cent of the voting power present in person or

through proxy and two members personally present, shall be a quorum.

My M within half an hour from the time appointed for the meeting a quorum is not present, the Adjourned Mee
meeting if called upon the requisition of members shall be dissolved; in any other case, it

o
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The name of the Company is "K1 Solar Power Lahore (Private)

Limited",

The 'Directors' means the Directors for the time being of the
company.

‘Dividend' includes bohus.
‘Document’ includes summon, notice, requisition, order, other legal
process, voucher and register.

Month' means the calendar month according to the English
Calendar:
# 3
The ‘Office’ means the Registered Office for the time
being of the Company.

The 'Ordinance' means the Companies Ordinance, 1984
'‘Proxy’ includes Attorney duly constituted under a Power of Attorney:.

The ‘Register' means the Register of Members to be kept in pursuance to
‘Section 147 of the Ordinance.

The 'Registrar’ means the Registrar of Joint Stock Companies having
jurisdiction on the Company.

‘Redeemable Capital' includes finance obtained on the basis of Participation
Terms Cerlificate (PTC), Musharika Cerlificate, Term Finance Certificate
{TFC) or any other security or obligation not based on interest, other than
an ordinary share of a company representing an instrument or a certificate
of specified denomination, cafled the face value or nominal value
evidencing investment of the holder in the capital of the company on terms
and conditions of the agreement for the issue of such instrument cr
certificale or such other certificate or instrument as the Federal Government
may, by nolification in the official Gazette, specify for the purposg.

'Section’ means Seclion of the Ordinance,
The 'Seal' means the common seal of the Company,,

'Securily' means any share, script, debenture, participation term certificate,
modaraba certificate, musharika certificate, term finance certificale, bond,
pre-organization certificate or such other instrument as the Federal
Government may, by nofification in the official Gazette, specify for the
purpose.

Company

Directors

Ordinance

Proxy

Register

Registrar

Redeemable
Capilal

Seclion

Seal

Securily
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“'In Writing' and written include printing, fithography and other modes of Wiiling
representing or reproducing words in a visible form.

Words and phrases used herein but not defined shall be assigned the same Expressions
meaning as given to them in the Ordinance.

BUSINESS

The business of the company shall include the several ohjects expressed in
the various clauses of the Memorandum of Association or any of them:

The business of the Company may be commenced as soon as after lhe

incorporation of the Company or as the Directors shall " think fit,
notwithstanding that a part of the capital has been subscribed.

PRIVATE COMPANY

The Company is a private company within the meaning of Section 2 (1)
Clause (28) and accordingly:

a) No invitation shall be issued to public to subscribe for any share
or debenture of the Company.

b) The number of members of the Company (exclusive of the
members in the employment of the Company) shall be limited to fifty,
provided (hat for the purpose of these provisions where two or more
persons hold one or more shares jointly in the Company, they shall be
freated as single member; and

¢) The right to transfer shares in the Company is restricted in
the manner and to the extent hereinafter provided.

The Capital of the Company is Rs.100,000/- (Rupees One Hundred Share Capital
Thousand only) divided into 10,000 {Ten Thousand) Ordinary shares

of Rs.10/~ each with power to increase or reduce the capital and to

divide the share in the capital for the time being into several ¢lasses.
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10.

1y

12.

%

No share shall be offered for subscription except upon the term that
the amount payable on application shall be the full amount of the
nominal value of the share. .

The directors shall, as regards any allotment of sh:':ires, duly comply
with such provisions of Section 73, as may be applicable thereto.

Every person whose name is entered as member in the register of
members shall, without payment, be entitied to receive, within ninety

days after allotment or within forty-five days of the appiication of :

registration of transfer, a certificate under the seal specifying I
share or shares held by him and the amount paid up therecn.

Inrespeet of a share‘or shares held jointly by gyl
: Bé bound to issue more than f@hegcer

schedule bank or a financial institution to the extent of twenty percent
of such balance.

The Director may issue to banks or financial institution either
severally, jointly or through a syndicate, Redeemable Capital in
consideration of any funds, moneys, accommodaticns received or
against promise, guarantee, Undertaking or indemnity issued to or in
favour or benefit of the company.

lionsrautstanding o ! i
than three years in the manner proveded in any contracl w:th any

Allotment of
shares under
Director's
Conltrol

Offer for
Subscription

Return of
Allplment

Certificate

Issue of shares
1o banks and
financial
institutions

lssug of
Redeemable
Capilal ¢
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15,

16

17

18«

19,

If a share certificate is defaced. lost or destroyed, it may be
renewed on payment of such fee, if any, not exceeding one rupee,
and on such terms, if any, as to evidence and indemnity and
payment of expenses incurred by the company in investigating
fitie, as the directors think fit. Within forty-five days of application,
directors shall issue cerlificate to the applicant.

L

TRANSFER OF SHARES

No

transfer of any share shall be made or registered without
previous: sanetion of the majority of Directors whe: nay: after
ssigni shall

decline to give any such sanclig
slealion of

The instrument of transfer of any share in the company shall be
executed both by the transferor and the transferee, and the
transferor shall be ‘deemed to remain hotder of the share until
the name of the transferee is entered in the register of members
in respect thereof. No transfer shall he made fo an infant or
persong of unsound mind,

Shares in {he company shall be transferred in anyusual or
common form which the directors shall approve.

TRANSMISSION OF SHARES

The executors, administrators, heirs or nominees, as the case may
be, of a deceased sole holder of share shall be the only persons
recognized by the company as having any title to the share, in the
case of share registered in the name of two or mare holders the
Survivors o survivor, or the executors or administrators of the
deceased survivor, shafl be the only persons recognized by the
company as having any title to the share.

nominations. "

ke

Duplicale Cerlificale

Reslriction on Shares

Execulion of Transfer

Shares of Deceased.

Nomination by Members
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22,

23.

24;

25:

Enlitlemen

Shares
deceasedion] gould have:
the same figh ori-as: thieyawould i i Aherea
iransfer of the share by the deceased or ingolvent person before death or insolvency.
I X Enitler
A person BEcsHilhg entitled to a share by reason of the.dk o Dt

shall be entilléddo the same dividends and other advantag [
i he was the registered holder of the share, except Halihig: shalisfol; bei bielig;
registered as member in respect of the share, be entitled in respecl of il to exercise any
right conferred by membership in relation to meetings of the company.

ALTERATION OF CAPITAL

The company may, from time to time by special resolution increase the share capital  Increase in Sh
by such sum to be divided into shares of such amount, as fhe resolution shall apital

nrescribe. The new shares shall be subject to same provis
transfer, ransmission and otherwise as the sharesiin the orig

&

The company may by special resolutions Al Consolidation O
Al Sub-divisions al
. . . e, Cancellation
a) consolidate and divide its share capital into shares R of Shares

larger amount than its existing shares;

b)

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

The company may by special resolution, reduce. ils share capilalin any Reduction of ©
manner and with, and subject to any incident authorized and consent
required by Sections 96 10106, °

GENERAL MEETINGS

A general meeting to be called the annval general meeting shall be  Annual Gener:
held as may be determined by the directors in accordance  with the Ve
provisions of ~ Section 158, within eighteen  months  from  the date of
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33,

34,

35.

36.

37

resolu

33, .

shall:sfandiatjouné

B:the same day in the next we’é;w?fat the same time and pface, and, if
meeling @ quorum is not prest Within half an hour from the time
Aigd fob the meeting, the members presenf; bielig not less than two, shall be &

The chair diteclors, if any, shall preside as chairman at every general
meeting if, thef at any meeting he is not
presentwithihefit atifig, ‘ords unwilling to act
as chal Hnvioneielthe direeltors; ‘ Hian, and if none
of the directars is present, or willing to act asiehialiman;the-members present shall choose

one of their number 1o be chairmans:

The chalffnar fhrihe:coSait of aryiieating aliwliich quorurivis presehi(andshall
if so direclediby ' : iness: shall
be transggt it the

0 the case of an worigina
gny notice of an adjélifnment

or more, nolice of ihe AdjOUl
meeting, Save as aforesaid, it ¢
or of the business 1o be transacted at an adjourned mesting.

L

At any general meeting a resolution put to the vote of the meeting shal! be decided on a
show of hands unless a poll is (before or on the declaration of the result of the show of
hands) demanded. Unless a poll is so demanded, a declaration by the chairman that a
ion has, on a show of hands, been carried, or carried unanimously, or by &
ifeit mafority, texlosti @Ad:ah entry to that @lfeetin tebodk of the proceedings of the

y ) sluisive: evidence of th {. Withalit proof of the number or

A poll may be demanded only in accordance with the provisions of Section 167.

If a poll is duly demanded, it shall be taken jn accordance with manner laid down in
Section 168 and the result of the poll shall be deemed to be the resolution of the mesting
at which the poll was demanded. A poll demanded an the.election of chairman ar on &
question of adjournment shall be taken at once.

In the case of an inequality of votes, whether on a show of hands or on a poll, the
chairman of the mesting at which the show of hands takes place, or at which the

poll is demanded, shall have and exercise a second or casting vote,

VOTES OF MEMBERS

Chairman

Power (o adjou
general Meetlin:

Adoption of
resclution

Demand for pe

Manner and ti
of taking poll

Casting Vote
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Subject to any rights or restrictions for the tim@ bing attached to any class or
classes of shares, on a show of hands every . in person shail
have one vote except for election of directors [t Whig : tlie provisions of
Section 178 shall apply. On a poll every members shall have voting rights as laid

down in Section 160.

In case of joint-holders, the vote of the senior whe tenders a vote, whether in

person or by proxy, shall be accepted to the exclusion of the votes of the other

joint-holder; and for this purpose Seniority shall be determined by the order in

.. which the names stand in the register of members.

40s,

41

42

43.

A4,

45,

On a poll voles may be given either personally or by proxy; Provided that no
body corporate shall vote by proxy as long as-a resolution of its directors in
accordance with the provisions of Section 162 is in force.

The instrument appointing a proxy shall be in writing under the hand of lhe
appoint or of his attorney duly authorized in writing. A proxy must he a member.

An instrument appointing a proxy may be in any usual or common form as near
lhereto as may be which the directors shall approve.

DIRECTORS
The first directors of the Company shall be the followingj

1 " " Carl Friedrich Edler Von Braun ¥
2% Charlés Anton Milner

Subject to the provisions of the Ordinance, the Company m i
in general meeting increase or decrease the number of difgtloR
number shall not in any case be less than two, o

Right 1o Vole

“Vole of Joint holder

Vate by Proxy and by
Corporale
Rep_resenlalive

Proxy 1o be in writing

Deposil of instrument
of Proxy

FForm of Proxy

First Directors
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49,

50

51,

The company may have directors nominated by the company’sﬁcreditors or other
special interest by virtue of contractual arrangements.. ‘

A Director who is about to leave or is absent from Pakistan may with. the

approval of the Directors appoint any person to be an Altemate Director during

his absence from the counlry provided such absence shall nol be less lhan for &

period of three Mighihs and ssuch appointment shall have effect and such

appointee, whilst he hgids of i an Alternate Director, shall be entitied to

i fifig-af the DI end and vote thereal accordingly

ii§ appointarireturnst fo the country or

¢ fésting removes the

] tideri the clause shall
ghand of director making the same.

The remuneration of director for performing extra services, including holding of
the office of Chairman, and the remuneration to be paid to any director for
attending the Meeting of the Directors or a committee of Directors shall from the
time lo time be determined by the Board of Directors in accordance with the law.

H

POWERS AND DUTIES AND DIRECTORS

The business of the company shall be managed by the directors, who may pay
all expenses incurred in promoting and registering the Company and may

exerdise all such power of the company as are not, by the Ordinance of any 7 Lo

Nominaied Direclors

Allernate Director

Remuneration of Direcior;

Management of

Busint

statutory modification thereof for the time being in force, or by these regulalions/g&” ¢
required lo be exercised by "the company fin general meeting sibjefle Y

nevertheless to the provigions of the Ordinance or fo any of these regulatio
and such regulations being not inconsistent with the aforesaid provisions,
may be prescribed by the company in general meeting but:no regulation ma

by the company in general meeting shall invalidate any prior act of the directors
* which would have been valid if that regulation had not been made;,

The Directors may from time to time by power of attomey under the Company’s
Seal, appoint any person or persons to be the attorney(s) of Company for such
purposes and with such powers, authorities and discretions (not exceeding those
vested in, or exercisable by the Directors under these presents) and for such
period and subject to such conditions as the Directors may from time to lime
think fit. Any such attorney (s) may, if authorized by the Directors, delegate all or
any of the powers vested in him/them.

*

The directors shall duly comply with the provisions of the Crdinance or any
statutory mpdification thereof for the time being in force, and in particular with the
provisions in regard to the registration of the particulars of mortgages and

Power 10 appoint attome

Filing of Return
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charges affecting the prt;perty of the company or created by it fo the keeping of a

* register of the directors and to the sending to the registrar of an annual fist of

53

54.

55.

members, and a summary of particulars relating thereto and notice of any

consclidation or ingrease of share capilal, or sub-division of shares, and copies
of special resolutions and a copy of the register of directors and notification of
any changes therein. . .

Subject to the provisions of Section 196, the Directors may from time to lime at  Powsrlo borrow
their discretion borrow such sum of sums as they may think fit for the purpose of
the company including from any banks and financial institutions and secure the
payment of repayment of such sum or sums in such manner and upon such
terms and conditions as they think fit by morigage or charge upon the whole
or any part of the property, present and future or any such other way as the
Directors may think expedient. The company may raise and secure paymeit of
any sum by issue of Redeemable Capital. The Redeemable Capital may be
issued at a discount, premium or otherwise with special privilege as lo
redemption, conversion info share with voling rights and their subsequent
reconversion to Redeemable Capital. -

pid

The Directors shall cause a proper register to be kepl in accordance with Mortgages
Section 135 of all mortgages and charges specifically affecting the property ac';]‘;rges
of the company and shall duly comply with the requirements of Sections 121, i T
122 and 129 in regard to registration of mortgages and charges and shall. 2

also duly comply with the requirements of Section 130 as to keeping a copys
of every insirument creating any mortgage or charge and requirements g,
Section 132 as to giving intimation of the payment or satisfaction of &ii
charge or mortgage created by the company.

Every director or his relative who is in any way, whether direClly or indirectly, | \’5‘ @'ﬁ
concerned o interested in any contract or arrangement entered into, or to be g;'”ter ost
entered into, by or on behalf of the company shall disclose the nature of his Direclors

concem or interest at a meeting of the directors, as required by Section 214.

The directors shall cause minules to be made in books provided for the Minutes 1o
purpose: ) be mada

a) of all appointments of officers made by the directors;

b) of the names of the direclors presenl at each meeting of the
directors and of any commitiee of the directors.

c) of all resolutions and proceedings at all meetings of the company
and of the directors and committees of directors.

apd every director present at any meeting of directors or commitiee of
directors shall sign his name in a book to be kept for that purpose.

it
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58.

59.

6 0:,4:

DISQUALIFICATION OF DIRECTORS

“ghlefs Siwilky; sor donezany - work:
director, but such director shall not voie in respect of any such
work, and if he does so vote, his vote shall not be counted.

PROCEEDINGS OF DIRECTORS '

The directors may mest together for the dispatch of business, adjourn anc

otherwise regulate their meatings, as they think fil. The quorum for the _

meeting shall be fixed by the directors and unless so fixed shall be two.
Questions arising at any meeting shall be decided by a majority of votgs, In
case of an equality of votes, the chairman shall have and exercise a sécond
or casing vote. A director may, and the secretary on the requisition of
director shall, at anytime summon a meeting of directors.

Erey

The directors may delegate any of their powers not required to be exercised in
their meeting to committees consisting of such member or members of their
body as they think fit; any committee so formed shall, in the exercise of the
powers so delegated, conform to any restrictions that may be imposed on them
by the directors. .

The directors may elect a chairman of their meetings and determine the period
for which he is 1o hold office; but, if no such chairman is elected, or if at any
meeting the chairman is not present within fifteen minutes after the time
appointed for holding the same or is unwiling to act as chairman, the direclors
present may choose one of their number to be chairman of the meeting.

A commitiee may elect a chairman of ts meetings; if no such chairman is
elected, or if at any meeting the chairman is not present within fifteen minutes
after the time appointed for holding the same or is unwilling to act as chairman,

the members present may choose one of their number to be chairman of the
meeting. b

contract:ox

Ineligibilily

Meetings of
Directors

Detegation of Power
to committees

Chairman

Chairman of comemittee
meelings
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. 66,

67.

68.:

oTesil [f case ofanieguall

Proceedings of cemmittee
members

R B Ao L 4 e RS E
second or casting vote. '

All zots dons by any meeting of the direglors or of 260m orggr  Validity of Director's Act

by any person acting as a directo otwithstai
discovered that there was some defeel in the /appofi
directors or persons acling as aforesaid, or that Iney prany, oring i
disqualified, be as valid as if every such person had been duly appointed and
was qualified to be a director.

A resolution jn writing signed by all the directors or affirmed by them thre S RSO Wi
telex or telegram shall be as valid and effectual as If it had been passe
meeting of directors duly convened and held.

I

ELECTION AND REMOVAL OF DIRECTORS

The First Directors of the Company shall tetice from their offices at the first  Period of Office
Annual General Meeting of the Company, and directors shall be elected in'their

place in accordance with Section 178 for a term of three years, unless they

resign earfier, become disqualified for being Directors or otherwise cease to

held office.

The Directors shall comply with the provisions of Section 174 to 178, 180 and Election
184 relating to election of directors and matters ancillary thereto.

A retiring director shall be eligible for re-election, Eligibility

Any casual vacancy occurring on the board of directors may be filled up by the Casual Vacancy
directors but the person so chosen shall be subject to retirement at the same
time as if he had become a director on the day on which the director in whose
ptace he is chosen was last elected as direclor.

@

E

The number of directors determined by the Board shall be elected to ‘Mode of Election

hold office by the members in general meeting in the *folowing
manner. :

a) A member shall have such number of voies as is equal to the
product of the number of voting shares or securities held by



69,

70,

hirn and the number of Directors to be elected;

A member may give all his voles 1o a single candidate or
divide them between more than one of the candidates in such
manner as he may choose; and

The candidate who gets the highest number of votes shall be
declared elected as director and then the candidate who gets
the next highest number of votes shall be so declared and so
on until the total number of directors to be elected has been
s0 elected. Lo

The Company may by resolution in general meeting remove a
directar appointed under Seclion 176 or Section 180 or elected in the
manner provided for in Section 178.

Provided that a resolution for removing a director shall not be deemed
to have been passed unless the number of votes cast in favour of
such a resolution is not less than:

)

the minimum number of votes that were cast for thej_.?election
of a direcior at the immediately preceding election of
directors, if the resolution relates to removal of a director

, elected in the manner provided in sub-section (5} of Section

178; of )

the total number of votes for the time being computed in the
manner laid down in sub-section (5) of Section 178 divided
by the number of directors for the time being, if the resolution
relates to removal of a director appointed under Section 176
or Section 180.

A director shal ipso facto cease to hold office if:

)

b)

he becomes ineligible to be appointed a director on any one
or more of the grounds enumerated in Section 187.

he absents himself from three consecutive meetings of the
directors or from all the meetings of the directors for a
continuous period of three months, whichever is the longer,
without leave of absence from the directors;

he or any firm of which he is a partner or any private |

company of which he is director:

) without the sanction of the company in general
meeling accepts or holds any office of profit under

Removal

Vacation of
Office

i
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73.

74.

75.

76.

77,

78.

a ];ti.

the company other than that of chief executive or
legal or technical adviser or a banker; or

ii) accepts a loan or guarantée from the company in
contravention of Section 195. R

CHIEF EXECUTIVE

The directors of the company as from a date not later than the fifteenth day ~ First Appointment

after the date of its incorporation appeint any individual o be the chief
executive of the company

#

The chief sxeculiverappoinied as aforégaid shall, Uess/ feriresi Form of Office
otherwise 5.40: held Bifi fual G
meeting off]

time of his a

fia $horle
uch perio

Within fourteen days from the date of election of directors under Section 1 78/ 2UbsehleR,
or the office of the Chief Execulive faling vacant, as the case may be,"thgs * husgs:

directors of a company shall appoint any person, including an elegt
director, fo be the chief executive, but such appointment shall not be for) R R
period exceeding three years from the date of appointment. N R

On the expiry of his term of office under Section 198 or 199, a chief Elgibilty for reappointment
executive shall be eligible for reappoiniment,

s

The chief executive retiring under Section 198.or 199 shall continue’ lo Canlinuation of office until
perform his functions until his successor is appointed unless non- Appoiniment of suceessof:
appointment of his successor is due to any fault on his part:or his office is

expressly terminated,

The terms and conditions of appointment of a chief executive shall.be Terms and Condiions
determined by the directors.

The chief executive shall, if he is not already a director of the company, be Deemed to be Direclor
deemed to be its director and be entitled to all the rights and privileges, and
subject to alt the liabilities, of that office.

No person who is ineligible to become a director of a company under Section  neligibility
187 shall be appointed or continue as the chief executive of the company.



79,

e,

80,
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82

8

89,

T

. fourths of the folal number of directors ;

The directors of a company by resolufion passed by not Tess it
fime heing or il )
a special resolution may remove a chidiiexegutive before thei@Xpieation of his
term of office notwithstanding anything contained in these articles or in any
agreement between the company and such chief execulive.

SEAL

*

The company shall have a common seal and the director shall provide for
fhe safe custody thereof, The seal shall not be affixed to any instrument
except by the authority of a resolution of the board of dit€Blars:
committee of directors authorised in that behalf by the difegIors.
directors or one director and the secfetary of the company sk all sign every
instrument to which the common seal is affixed.

The directors may provide for the use in any territory, district or place not
situated in Pakistan of an official seal which shall be facsimile of the common
seal of the Company with addition on its face of the name of every lerritory,
district or place where it is to be used. The provisions of Section 213 shall
apply to the use of such official seal.

DIVIDENDS AND RESERVES

The company in general meeting may declare dividends but no
dividend shalt exceed the amount recommended by the directors.

The directors may from time to time pay to the members such intefim
dividends as appear to the directors to be justified by the profits of the
-gompany.

No dividends shall be paid otherwise than out of profits of the year or
any other undistributed profits. '

No dividend shall be declared or paid out of profits made from sale or
disposal of any immoyghle propéity o assets of Capital alure:
comprised in the undgitaking &) git such profits are set off or
adjusted against los§&sflsing ¥ @ sale of any such immoNable;
property or assets of Capital nature. "

Removal

Gommaon Seal

Qfficial seal

Interim Dividend

Dividend out of
Profits only

No dividend oul
of Capital
Profis
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g 2'?!1

;| siny) entitied to shares with special Dri;id:r?g iiﬂm
tigh diidends; @ ind shall be declared and paid Dot paid

n the shares, if and so long as

Any general meeting declaring a dividend may resolve that such gi‘f;é?;d'iﬁ
dividend be paid whoily or in part by the issue of paid up shares of P
debentures.

The directors may, before recommending any dividend, set aside out Transfer to

of the profits of the company such sums as they think proper as a Reserve

resarve or reserves which shal, at the discretion of the directors be
applicable for meeting conlingencies, o for equalizing divldends, or
for any other purpose to which the profits of the icompany may be

L. 8t the like

propetly applied, and pending such application ¥

discretion, either be employed in the business of company or be
invested in such investments {other than shares of the company) as
the directors, may subject to the provisions of the Ordinance, from
time to time, think fit

The directors may carry forward any profits which they may think -,z
prudent not to distribute, without setting them aside as a resgrve. ;

",
L LI

Any General Meefing may resolve that moneys, investments or otridt
assets forming part”of the Company standing to the credit of e
Reserve Funds of in the hands of the Company and available for\#
resenling shares premiufy) :accdlints be capitalized ™ T
ifidigst such of the isitaretiolders as=would be
Ve he: same If distributef] by Wayiof dividend and in
fions on the footing that they become entitled Iherelo
( all or any part of such capitalized funds be
on ihiehialf ofssuch shareholders in paying up in fuli any GMSSUe
shares of the Company which shall be distrtbuted accordingly and
that such distribution or payment shall be acoepted by such
shareholders in full satisfaction of their interest in the said capitalized -
Sum.

If several persons are registered as joim—holderé of any shares, any one of ~Dividend to joint-holders
them may give effectual receipt for any dividend payable on the share.

P . :
The dividend shall be paid within thirty days of the declaration or otherwise Time of payment
in accardance with Section 251 of the Companies Ordinance, 1984

'
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99,

BOOKS AND ACCOUNTS:

The directors shall cause to be kept proper bocks of account as required Books of sccount
under Section 230,

The books of account shall be kept at the registered office of the company {Place where Books of account
or al such other place as the directors shall think fit and shall be cpen to
inspection by the directors during business hours.

“kept

&:%«; twhatesteri  Wnspection by members

Annual accounls

and loss accounts or |nc@me and ex diture accounts and.ba
(duly audited and reports as are referred to in those sections. =

A balance sheet, profit and lods account, income and expenditure account  Pres :.','*a"iﬁ@"ﬁm@“'a‘ accourr
and other reports referred to in clause 96 above shalf be made out in every . grg ouil ’E”fo el

year and laid before the company in the annual general meeting made up 10 f&
date not more than four months before such meeting.. The balance shee
and profit and loss account or income and expenditure account shall!
accompanied by a report of the auditors of the company and the report
directors,,

Every accounl of the Company when audited and approved by a general  ¥vhen accounls setifed
meeling shall be conclusive excepl as regard any errors discovered therein
within three months next after the approval thereof. Whenever any such
error is discovered within that period, the account shall forthwith' be
corrected and thenceforth shall be conclusive.

" &

A copy of the balance sheet and profit and loss account gr income and ~ Copies to be senl fo members
expenditure account and reports of directors and auditors shall, at leasl
twenty one days preceding the meeting be sent to the persons enlitled to

receive notices of general meetings in the manner in which notices are to
be given hereunder.
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104,
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i i i isi i Compliance with Ordinance
The directors shall in all respects comply with the provisions of Sections p

230 to 236=

AUDIT

Auditors shall be appointed and their duties regulated in accordance
with Sections-252 {o 25§,

NOTICES

A notice may be given by the company {0 any member either
nersonaly or by sending it by postigihintio his reglster i
(il he has no registered address in Rakistan) 1o thggdiess, if any,
within Pakistan supplied by him [g’fig company Tar he giving of
notices to him. Where a nolice is sent by post, service of the nolice
shall be deemed fo be effected by properly addressing, prepaying and
posting a letter containing the notice and, unless the contrary is

ot

proved, to have been effected at the time al which the letter would be

delivered in the ordinary course of post. 4

f a member has no registered address in Pakistan, and has not
supplied to the company an address within Pakistan for the giving of
notices to him, a notice addressed to him or to the sharehoiders

generally and advertised in a newspaper circutating in the province of -

the registered office of the company shall be deemed to be duly given
lo him on the day on which the advertisement appears.

&

A notice may be given by the company to the joint-holders of a share

by giving the notice to the joint-holder named first in the register in .

respect of the share.

A notice may be given by the company to the person enfitled to a
share in consequence of the death or insolvency of a member by
sending it through the post in a prepaid letter addressed to, them by

name, or by the title of representatives of the deceased or assignee of

the insolvent ar by any like description, at the address (if any) in
Pakistan supplied for the purpose by the person claiming to be so

_entitled or (until such an address as been so supplied) by giving the

notice in any manner in which the same might have been given if the
death or insolvency had not occurred.

raddress or

Audit

Mode of Service
of Notice

Nptice by
Né‘-,WS'Ra er. ..

Notice to person
entilled to
lransmission



. : : Notice of
- manner
106%? Nolice of every generat meeling shall be given in some Ay

hereinbefore authorized ok meeting

£

b)  every person entitled to a share in conseguence of th

or insclvency of a member, who b h
insolvency would be entiled to receive Higlice of
and
c) o the auditors of the company for the time being.
SECRECY

i
¥»

“

107, Every Director, Chief Execulive, Secretary, Auditor, Trustee, Member of Secrek
Committee, Officer, Servant, Agent, Accountant or other person employed :
in business of the Company shall, if so required by the directors before
entering upon this duties, sign a declaration nledging himself to observe a
stiict secrecy respecting all transactions of the Company wilh its
customers and the state of accounts with individuals and in mallers
relating thereto and shall by such declaration pledge himself not to reveal
any of the matters which may come to his knowledge in the discharge ot
his duties excepl when required to do so by the directors or by any
meeting or by a court of law or by the person to whom such matters relate
and except so far as may he necessary in order to comply with any of the
provisions in these presents.

108. No member or other person (not being a director) shall be entitled to enter  Members' access 10 compan™
the property of the company or examine the company's premises or Premises
properties without the permission of a director, subject to Article 107, to
require discovery of or any information respecting any detail of the .
Company's trading or any matter which is or may be in the nature of a
trade secrel, mystery of trade or secret process or of any matter
whatsoever which may relate to the conduct of the business of lhe
company and which in the opinion of the directors will be inexpedient in
the interest of the members of the company, to communicate.
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WINDING UP

If the company is wound up, the liguidator may, with the sanclion of a Division of assets in specie
special resolution of the company and any other sanction required by the

Ordinance, divide amongst the members, in specie or kind, the whole or

any part of the assets of the company, whether they consist of property of

the same kind or not.

For the purpose aforesaid, the iquidaloriha Valuation by Liquidator
fair upon any property to be divided
such division shall be carried oul &8 Belwe:
classes of members.

The fiquidator may, with like sanctfon, vest the whole or any part of such Assets in Trust
assets in trustees upon such trusts for the benefit of the contributories as
the fiquidators, with the like sanction, thinks fit but so that no,membgzksh._ R

be compelied to accept any shares or other secutilies whereon i
any liability.

*

INDEMNITY

Dir diolhers’ right to

Every officer or agent for the time being of the company may be Dirceorss
indemnify

indemnified out of the assets of the company against any liability incurred

by him In defending any proceedings, whether civil or criminal, arising out

of his dealings in relation to the affairs of the company, except those

brought by the company against him, in which judgment is given in his

favour or in which he is acquitted or in connection with any application

under Section 488 in which relief is granted 1o him by the Court.

ARBITRATION

In the event that a dispute, claim or controversy arises between the Differences 1o be
company, its management and its sharehoiders, or between the I'ﬁ;ﬂ;gr‘g) and |
shareholders inter-se, or the directors inter-se, all steps may be lhen arbilrator(s) i

taken to settle the dispute and resolve the issue through mediation
by an accredited mediator before taking recourse to formal dispute-
resolution such as arbilration or litigation. Any arbitration shall be
held in London, United Kingdam.



‘We, the several umaogm whose names and addresses are subscribed, are desirous of being formed into a company, in pursuance of this Articles of Associafion, and
we respectively agree 1o take the number of shares in the capital of fhe company set opposite our respective names.

afie and Surname (present & former) in ful m__wmmosm@ : n- [Residential address in|Number o._*_wm_,msmeam i
Block Letters} m_%_a& with M | shares
A . tany former taken by
Nationality ! | | each |

1 m:mavﬂ Nﬁ.m.:o@ Limited m:_.m:m:,_.‘#wlf
ithorized representative Mr Carl Friedrich
er Von Braun s/o Mr Franz Josef Von

Lo,

R

Isomwall TR1 2 ELW
United Kingdom -

Ferdinand-Lassalle-
_ frasse 15, 0410

M [eipzig, Germany

525622078

i o R

" Dated the 21st day of October, 201

(Ten Thousand)

Witness to above signatures.

FLE [ e

FuliName  : MARLEN ZIMMERMANN

_m_um zﬂ._awmﬂ : C3MX8VLR1

Father's Name: WOLFGANG ZIMMERMANN

Full Address : HEGELALLEE 12, 14467, POTSDAM, GERMANY
Occupation : -EGAL ASSISTANT » S

Fx a E

"

e

it e RN e L

R e s e et T et




. ENVIRONMENT PROTECTION DEPARTMENT
Government of the Punjal:
National Hocky Stadiurn, Lahore,

To,
- vhined,
‘K ~Power Lahore (PVT) limited,
. anFloar Office No, 09 Link Farid, - 7
fKot Rpad Lahore. .
Subfscf*
L 15 MW Solar PV farm-over an area of 62.4-acres,
2., Loeati‘onr-.oﬂfrojeat“ - Chak No, 03 Rakh Mhﬁker.a,fﬁ’ist‘rictBh'akkar
3. Date Df f hng 04-06-2018
4. . EPA Punjab has reviewed the Initlal Envnronrnental Exammatlm Report (IEE) and

considered Site Inspection, R_eport teceived: from Assistant Director Bhakkar wide letter Na,
4316/AD/EPA/BK -dated 13-07-2018, EPA Punjab has also considered the recommendations of

Committee of Experts 18- 08 2018 and other relevant record to fake lawful decision.

5.

Section 12 ,of PEPA 1997

conditiong:
l.
11'

it

Eiv'l

s,

.

Xdii.

protection of wotlcers backed by #co

Enwrunmental'
fo

ofstiuction of your aforesaid projeet subject to the following

inental Quality Standards (PEQS).

; fonmeiital Management Plan (EMP)
) miimize any negative impacts on 50il, growdd water, air and biologleal
resoutees of the pi‘o_]ﬁcf. area,

Monitoring shall be carried out durinig the entite: period of the project aetivitfes. Monitoring

The Propenent shall ensure compliange of Punjah Bnd
Mitigation Méasures suggested in the

reports shall be submitted to EPA Field office in fhe distiict on guartetly basis,

The Proponent, shall take measures. to. cotiserve Wwafer resolivcss by itcorporating rain: water

harvesting and ensuring provision of ground water recharge palleries. Purthermore Proponent shall

ot pollute or pver draw any surface waterbody in the viginfty of the project,

The Proponent shall ensure that strict and officient hedlth and ‘safety measutes are in place for
Tehetisive etetgeney responss system while working,
The:Propenent shall redress the otjection / congerns of nieighbours / stakeholder on prierity basis
{if'any at anystage).

The Proporent..shall obtain No Objection: Qertlﬁoates/ ¢learance of all other concerned
depattmerits before commencement.of work.

The Proponent shall follow the SOPs regarding dengue larvae eradicatfon and shall Ensue

removal of stagnant water on daily basis.
‘The 'Proponent shall-plant 3900 trees of indigenous species of 6-7 feet he:ght i the district in

consultation with Assistant Director of District Bhakkar within six months, The”’Pﬁﬁ‘pc’ment shall

. -also take measures for protection and maintenancs of these trees and maintain thelr proper record

for verification by EPA,

Camping sites shigll be Tooated &t suitable distatice awdy from any settlement to avoid disturbance
to the loeal pedple, These shall B¢ consttucted. at a suitable distance from any permanent or
seasonal water source. Septio. tatik shall not be located in the ateas where high ground, water table
axists.

The Rroponierit shall gvoid the disturbance of the traffis. flow during venstruction and eperation
phase.

The Progionent shiall provide compsiisation to the infabltants in ease of loss of agrioultural lund,

©_«rap, property, etc, in accordanioe With thé tates that aré agreed upon. All conﬂxctmg issues
- ;regarcrimganﬁip‘
The Proponent shi

fion,ete. should be setiled amicably before the start of the project activities.
ensite proper ¢cleanliness arrangements and shall dispose of solid waste i a
pl‘opar selentific ¥ way ‘ o 1

tection Agency, Punjab accords Environmental Approval under g
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L

xly.  The Proponent shall take neeessary nmeasures to safeguard $ogial and econemie comditfons
affeotifg the community life.
x¥. The construetion material shall be piled / stored in such.a way that itshall not destroy fhe flora /
environment of the Iocality. '
xvl.  The proponent shal] dispose of wastewater affer treatment, , -

xvil.  wasie shall be fetained within the unit boundary / premises and shall be disposed of in. an
environmental fiiendly way at.a suftable disposal facility
xvili.  The proponent shall take effective measures for safe transportation of Photovoltaic Cell / Solar
Panel. x
xix.  The proponent shall ensure that the Tuncionality of design. will remain same during construetion
hase, _
XX, 'Ii"hef Proponent shall not use ground 'water for washing of solgr panels and shall use alternate
methods in this regard
xxi.  The proponert shall dispose of discarded solar panels and electrotiic waste in,solentifie mannse.
6. | ,
thie stipulated eonditions by exeeutitiz an Undertaking in the form preseribed in Schediile VII of Review of
Regulations 2000. : : :
7. The Proponerit: shatl be lisble for correctness, and. validity of information suppfed o this
depariment dirsetly or through the envivonmiental consultant
& Thisapproval is-aceorded only for the construetion phase of the project. The Proponent shall apply
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The Propenent shall, befois commencing construction of the project, acknowledge acceptange of
/ELA

10. EPA reserves the right to impose any other cundition based.on Tis monitoring, 7

11 . Any change in the appraved project shall be communigated. to EPA, Panjab and-shall be
commeneed after obtaining the approval, . :

12. This approval sliall be treated as null and void if all or any of the. conditions mentiongd. abiove,
is/are not complied with and iti cage of any interim injuriction by-uny coust of law agains said profoet.

13 This approval shiall be valid {for commencement-of consteuction) fora perfod of thirse:yeats from
the date-of issue under Regnlation 17 of IRE / BIA Regulations, 2000,
14, This approval can bé withdrawn: at enytims without any pr

) T s B e i Bt gt

15, This decision s issued with approval of Direstor Getieral, EPA, Punjab, e

Obty g from. the project Proponent mentioned at pata-6 for the tecord of EFA Headquarter and
Fjeld Offices. ‘ A
/i,  Ensure compliance of the conditions mentioned: In the

; ‘ Envitofiiental Approval and niaintatn the file. /
recotd of correspondence with ihe project Preponent i ‘ oy .

B - - Sk s i



EN(:;;‘ EER (F3)
FESCO FAIEAIAEA[?

Mr, Adeel Ahmed;
Eusiness l@\i’&mpmﬁmﬁﬂﬁﬂage@

fﬂce:let‘tﬂr NS, 2809615 dated 28,00,18 and !&.tﬁEF no

* FE2003 dated
2019,

. the revised final ‘grid
ﬁéﬁbwel?‘" cﬁei‘: AG: R‘c::weaff




TECHNICAL FEASIBILITY STUDY

MANKERA SOLAR PROJECT — PUNJAB - PAKISTAN

FOR K1 SOLAR POWER LAHORE PRIVATE LTD.

FEBRUARY 18, 2018




Mankera Feasibility study

Contents

1.1

1.2

1.3

1.4

18

1.8

1.7

1.7.1

1.7.2

1.7.3

1.7.4

2.2

2.2.1

222

2.2.3

2.2.4

2.2.5

228

227

228

2.2.9

Site AN WOTKS OVEIVIBW L..ivi et e e e ae st a e s et saetn e ss s ar s ssen s eme s e
Pakistan POwer MEIKSL..........o e mr i smes e e v s s v s v as st s s e nbtneeeseabes b arbssrses e
o el g LT Ca L Y| o 1
SHUBHIONEL ANBIYEIS. . vt veerres ettt er st bee s tae s ss e e asbes samssaeersarsansars ses sans smsennsans
Current STAISHICS .o e s s e e s s R
Energy Mix............ ................................. | S
Pakistan Power Pakistan - Key Challenges ... s ssssssrs s e
Energy Mlx ............ ..............
Transmission and Distribution infrastructure ..o o SO
Electricity shortfall dug t0 l0SSES ... s e bbb e b as
Installed and Planned Power Projects up t0 20182019 ... innrrrecvernneenns et
T N T o =L | RO
Preliminary technical and financial assessment...........coevrevenciie e crvess e et
Pre-FeasibilitY ..o i e s s ettt e e rtnn e s e e s emneantvar s
BB VIS er et e ree et et e se e e e neras en e er et en e e e a e nan s errenreen e
T I Tt { o o O P verrenrerran
Weather Data Met@onOorm .. i i i n s s sers gt st ac
Average Temperature Data Mankera (Met@ONOIMY v e imrrincnrrsvneesns s snassarsass snensenssssesenes
Average Temperature Data Mankera (Met@onorm) .......ocoiiniioierccinrint commnr s eie s e riaes samras
Average Rainfall (Mat@onorm)
Solar irradiation (Meteonorm) ..o vvrriesinr i Eh e ierenA vnrtaerannrne bans vassaerdnesbetbnrsants
Solar irradiation (Solar GIS) .....
Global Horizontal Irradiance (GHI) — Solar GIS ..., SO SRRV

Diffused Horizontal Irradiation (DHIY — Solar GlIS .. ..o e

2.2.10Average diurnal (24 hour) air temperature at 2 m) = S0lar GIS ... e

QL B T (= VoY - PSRN

1|Page



Mankera Feasibility study

24 EXISHNG LANG USE ...t ent ettt eet s et e 31
25 Topography ............ PR
SO . 35
2.7 Shadlng ..... 36
28 EXISHNG fBAITES ...ttt coeesees e ars s seseens st etsoeees s e e e oo e eeee oo 7
2,8 UHility CONMECHONS......cvivicir it cresens st et es s ennes s ee st et oo 37
2,10 Wind DIrection @nd SPEET .....c..eueereveeie oo et ceaes et ees e eess st et eees e oo a7
211 Legal SEatUs OF SIE. .. ... it e et eeeeees s 37
212 WaY [BAVE ISSUBS....u..vuii it tiensceet et e s et e ss e e s msee et e s e st e ee oo 38 |
2.13  Underground cables and PIPEliNG ...........coovrereeroeeeee oo oeses oot 38
-
2.4 FIDOr OPHC CaDIR ...ttt s se e e e et ettt 38
2,15 Environmental Impact ASSESSMEBNL ..........eiviueee s ereeeeeeeer oo e oo 38
296 DINO CONMNECHON w.vvvr s vevrrers o serseensossso e oo s seseseee e rrvveioenes 39
3. Planning POHCY SEAEMENL. ... eiiiesee et cres e e et e eeeeeese e 40
31 INEMNEONAI POICY ...vecvieeccr et s et e ess e s e e oe oo oo oo 40
3.2 BEUTOPEAN POlICY....co ittt e et v s ees et et eee oo 49
3.3 Asia Pacific Renewable Energy Targets 41
3.4 National RE POlICY 2006 .......cc..eviieieiimrimuinesiesseernsossiestons s esssseseess e ssess s seeesoes s ees e eee oo 42
4, Desktop based Environmental and Social Impact ASSESSMENt ......o..voeeees oo 44
) AT ENVITONMENE..eciicniirsiirrsie s cresise st rss s eseees e s ses s e eses s e e eee o SRR 45
4.2 BCOIOGICAl IMPACT. ... ittt e e et ees s ess st s et oo e e 46
A2 FIOMB et st s ettt et et ees £t e e e e+ oot ees oot 45

2|Page



Mankera Feasibility study

4.3 GUILITAL HEITAGE ..o s ccvecs oot es s s e e esetesee et bttt es e eeeoe oo 46

A4 LandScape ant VISUAL ... ..ot oo eee e es e 48

‘ A5 SHE LANA USE w.oois et e ere et et ee e e s et ee e e 47
4.6 Hydrology and WALET USE ........c i isesierc st tee e eeeees st ee e et e e, 47

4.7  Transport and Access ..... 47

4.8 Waste MBNBGEMBNL. ..ottt e st s e oo nenes 47

A9 BOGIBL...e.erisiiirctt e e e et et et et ............ 48

4.10 Environmental and Social Management 48

A T0. N IMPACE ABSESSMENT ....oev vttt it ins e es e s ses e e s et e sttt e 43
4.10.2Enviranmental Management PIAN .....cooc.ivi i i e ceeesse s ess s sees s st oo see e 48

4.10.3 Stakeholder ENGagement PIAN........ccouimririeiee oo o oesceseeeeses s ees e eses st 48

5. Design and ACCess STABMENE ... e e e 50

S IIOAUCTION ..ottt et ens e res e eeseeseee s e oo sttt s oot e eesee e b0

B2 S LOCAHON ... cvvrr ettt e stens st et e e s e e weerrenenienes B0

= :

B3 Transport and SiE AGCESS vv.vvveee e eoeeesere et s e ner e n R ettt te e r e e et bes e ernen 51

5.4 Proposed Development and Design PrINGIPIES ....ov...o oo secerieeeesees s eee s osees e ees oo 53

5.5 OPDOMIUNITIES «...ovvcecnictiemmier et ee et ee e sesees e st e s et or s eesee et ee e e ee oo, 55

B.6  DESIGN SOIULION. ......ctruerrecrirrr ettt essae s eseesssens oo s seeen s st ses e essseeesessae e eoeeseesees oo o | ... 56

5.8.1 PIOPOSEA USE couvuiiicis e et rvinn e et st e ce e ee e e st e b et sttt 56

B.8.2 LAYOUL...eeiiiicciiitiit sttt ettt n s er e et ettt s e errrrerren ereeveresan 62

B.8.3 LOCALION L.ttt s ems sttt cas st ees e e e e ee e e e 83

5.6.4 CONSIIUCTION ACCESS ....ouiuiiiirr e ns et stesces ettt tr et eeeeeeeeser et s s et et eeeee s ee oo see e 63

BT CONSIUCHON PRESE 1.cvcvii v et sor s nas e s et ens et eee s s an sttt ees st s eee e oo 64

. BT CUITENE INSTANAION. ..o ecreis e srtint e et sttt es e s eets s e s et oot sees e e 65
6.2 PV plant MV SYSIBM .cccoeooeriir et e s eees s s seessenseee oo . . ... 68

6.3 Grid connection of SOIAI PIANT...... it s ees e ssessreesens ses s seseees et st ees oo eee 67

3|Page



Mankera Feasibility study

7. Energy Yiekl ASSEESIMENE .. oo et s s rn sty e e rn s aas st e es s var g st e een e srneerssecasecanee en 70
7.1 System Operation Quality / Performance Ratio ...t e et en 70
7.2 Irradiation gain by Inclination of MOdUIES ........ ... et rn e 71
7.3 Description of types of 1eChniCal I0S868 ... i s e e reer e e s st sms st sas e s benens 71
7.3.1 Technical [0sses hecause Of SNAUING . ... et rrres e e s b e s ssstr e s soarbeessrstsessranes 1
7.3.2 Technha“ossesbecauseofdkt“““““““"“_"““"n""”""uun"_"“"”"u"n"nnuﬁ ............ PR
7.3.3 Technical losses becéuse of part-load operation ............ errrreerian 71
7.3.4 Technical losses because of temperature flUCtURLON ..vvivc e e e e s 72
7.3.5 Technical losses because of reflection.......co e e 72
7.2.6 Technical losses because of fluctuations in module perfermance ... 72
7.3.7 Technical losses because of weathering and degradation...........c.cco i e 72
7.3.8 Technical losses because of Cable IOSSES ...t e e e e 72
7.3.9 Tachnical losses because of DCIAC INVEBISION ... oot e s e 72
7.3.10Technical losses because of transformation (transformer losses) ....cccocveeees Ceteeeae e e 72
7.3.11Technical losses because of self-ConsUMPHON ... e s 73
7.3.12Technical l[osses because of Light-Induced Degradation (LID).....cco v vev e ceerenn e varevarens 73
74  Configuration of the PV Generator and Irradiation ... e 73
7.5 Sclarmodule.......ooiniiininnn, et veeaseenneeRae Rt et antaeetrsenraanes et esfnes e eenesfenesensgeareeensenneninge e anen een 73
T INVBIEIS .. eect ettt e oot e e e s e e e e et s n e R R e R e n e e nan e nEer e e eneern e ennes 73
7.7 MOUNLING SUCIUNE .. .eeviieeiciien s srrreseercrenssrrssrens e csrrssses e s snns s e s arsnssmnssassenssens snnssssenssessnnssansrnnsees 73
7.8 Technical losses considered for the energy yield simulation: ........cco vt 73
7.8.1 Technical losses because of shading. ..o ) e T
7.8.2 Technical losses because of dift ... ..o e oo s 74
7.8.3 Technical losses because of fluctuations in module performancs ... 74
7.8.4 Technical losses because of cable [0SSES.........c.coecmvorri i e 75
7.8.5 Technical losses because of DC/AC INVEISION ... iereni s s e e 75

4|Page



Mankera Feasibility study

8, ECONOMIE ANBIYSIS ... erreert ettt st er st ens ettt s et o et e ensetrsasrsaes s eneseossasensensomssar e reesssesnses g0
} 82 Financial Model ASSUMPIONS .. c..icciiic et eeee et et s seeseas e e es s eae e s ensesseseeesemeseesesssesean 90
B2 INPULS ottt e b e s e ene e eee e e 91
8.3 RESUMS ... e e et e sena e ettt ee e e eee s et e 96
8.3.1 Summary of Profitability ANGIYSIS ....cveuveriiesieriecrees s essees e esieeesesns s eerensseaeeseses e saessssseseroe e sees e 96
£
)

5|Page



Mankera Feasibility study

Annexure A — Site Layout Plan with superimposed topographical PIAM .........ocoveeroeereeeoeeeee oo ces oo oeoees oo 99
Annexure B — Project Management SKEEt .......cc.c..ovi i eesees s eneseree s s ssse st sees e oessess s sessses oo 100
i Annexure G — EXample SHNG INVEITEL ......ec. oot eeee et ee ettt oo ees e e 102
Annexure D — Example PV Module .....cocceeveeees LR oL e e R S E e ARt n e e e en e e s me St e e 1S det saeeennraeranrans 104
Annexure E ~ Solar Yield ASSESSMENE F@POM.........cieeeeeies et e s eees e et er et et et 108
Annexure F— Solar Panel Layout / General Section........ bbb e ens e bans frrnrrns cverr e 107
Annexure G — Plant SLD.......... e Aot e SR— — 108
ANMNEXUre H = G0 TECH SHULY ..ot e nre e e an s b s seansseas | ........ 109
Annexure | — Initial Environmental Examination Study ........cococveeeveecvesseereierena et e s st ber 110
Annexure J — Grid Interconnection StUAY (G1B) .o oo reess e reeaesasee s eee e s s s sesoas 111
Annexure K — Financial Modal (FM) ..ot ens e ee s feeriieessreants e 112
Annexure L — Letter of Interest isSUed BY PPDB (LO ....ocuiveie oo seeeeseesre e oo eeeess e see e oo esos 113
=

6|Page



Mankera Feasibility study

List of Figures ' Page
#
Figure 1 showing GHI value for the site 15
Figure 2 showing current energy mix of Pakistan 18
Fig 3 showing the location of Mankera Solar Farm 22
. Fig 4 showing min, max and average temperatures at Mankera 23
\ Fig § showing sunshine hours at Mankera site 23
Fig 6 showing precipitation graph in Mankera 24
Fig 7 showing GHI, DH and Bn irradiation levels at site 25
Fig 8 showing GHI levels at Mankrea site _ 26
Fig 9 showing DHI levels at Mankera site _ 27
Fig 10 showing Average diurnal {24 hour) air temperature at 2 m Co 27
Fig 11 showing connectivity of the site through Jhang Bakhar road. ; : 28
Fig 12 showing some mature trees on the site : 29
Fig 13 showing topsoil of the site with small native plants : 30
Fig 14 showing redline boundary of the site for detailed Geotech study ' 30
Figure 15 showing the major land uses around the site in 5KM radius 31
Fig 16 showing the section through site from north to south, avg. slope 0.3% 32

Fig 17 showing the section through the site and showing gradual fall of terrain towards south | 32
average slope 0.8%.
Fig 18 showing section through the site and drop in terrain from north to south — average | 33
stope 1.1%
Fig 19 showing through the site and drop in terrain from north to south ~ average slope 0.5% | 33
Fig 20 showing through the site predominantly flat and gradual drop in terrain from west to | 34
gast — average slape 0.2%
Figure 21 showing the section through the site, very gradual undulation —~ average slope | 34

0.2% :
= Figure 22 showing section through the site, very gradual undulation - average slope 0.5% | 35
’ Figure 23 showing Flood Risk Map for Mankera 35
Fig 24 showing some trees on the site as heighted features ‘ - 36
Fig 25 showing wind resource available in the area 37
Fig 26 showing Mankera site ownership boundary | 38
Figure 27 showing location of Mankera solar farm , - 51
Figure 28 showing connectivity of the site through Jhang Bakhar Road 52
Figure 29 showing the existing track to access the site 52
Figure 30 showing vegetation that cause shading on the site _ : 54
Figure 31 showing 50mX50m Grid and location of Geo tech points 55
Figure 32 showing side elevation of Mounting structure 57
Figure 33 showing generic, side elevation of solar array and front elevation of solar array 58
Figure 34 showing typical inverter and transformer station 7 5%
Figure 35 showing SLD of 66/11 KV grid station 59
Figure 36 showing typical fence drawing 60
Fig 37 showing typical security camera drawing ' 61
Fig 38 showing typical ISO 40’ Container 61
j Figure 39 showing typical section of access and site tracks 62
' Figure 40 showing PV solar farm layout plan 63
Figure 41 - showing SLD of 66/11 KV Grid Station, 65
Fig 42 showing SLD for 12.5 MW solar power plant 66
Fig 43 Maodule array layout ‘ 67

7|Page



Mankera Feasibility study

Fig 44 shwoing General Interconnection Topology of 12.5MW Solar Power Plant with 66/11 68
KV Mankera Grid station through 03 Nos of 11KV T/L

Fig 45 showing 3D Model and shading analysis carried out due to pylons T4
Fig 46 showing GHI values for Mankera solar farm site 75
Fig 47 showing diffused horizontal irradiation values for Mankera solar farm site 76
Figure 48 showing average diurnal air temperature at 2m 76

Figure 49 showing yield assessment of solar farm site for fixed ftilt system using | 77
monocrystalline solar panels and central inverters
Figure 50 showing grid connected system loss diagram for fixed tilt using monacrystalline | 79
solar panels and central inverters
Figure §1 showing yield assessment of solar farm site for seasonal tilt system using | 80
monecrystalline solar panels and central inverters
Fig 52 showing grid connected system loss diagram for seasonal tilt system using | 82
monocrystalline solar panels and central inverters
Fig 53 showing yield assessment of solar farm site for Single Axis tracker using | 83
monocrystalline solar panels and central inverters
Fig 54 showing grid connected system loss diagram for Smgle Axis ta‘ackers using | 85
monocrystalline solar panels and central inverters
Fig &5 showing yield assessment using bifacial solar panels and string inverters 86
Fig 56 showing grid connected system loss diagram for Single Axis trackers with bifacial | 88
sofar panels and string inverters
Fig 57 shows a downward trend due to 0.5% degradation per annum 93

Fig 68 shows tariff is front loaded due to debt component 95

8|Page



Mankera Feasibility study

List of Tables Page #
Table 1 showing the site coordinates, altitude, capacity and GHI value 14
Table 2 showing peak demand and generation during July 2017 , 17
Table 3 showing generation from different sources up till 2017 18
Table 4 showing installed and planned capacity up till 2018 - 2019 20
Table & showing irradiation fevels at Mankera (Meteonorm) 24
Table 6 showing irradiation levels at Mankera (Solar GIS) 26
Table 7 showing salient features of RE Policy 2006 42
Table 8 showing project development process as per policy 2006 ‘ : 43
Table 9 showing balances and main results of yield assessment for fixed tilt sy:ste'm : 78
Table 10 showing balances and main results of yield assessment using seasonal tilt 81
system :

T )eflble 11 showing balances and main results of yield assessment using Single Axis 84
tracker system

Table 12 showing financial parameters considered for the project and viable tariff 87
Table 13 showing EPC cost break down ' 91
Table 14 showing equipment that will be used and available brands 91
Table 15 showing project cost break down 92
Table 16 showing Non EPC cost break down 93
Table 17 showing project size and capacity factor 93
Table 18 showing local and foreign O&M components A 94
Table 19 showing tariff components 96
Table 20 showing financial parameters considered for the project and viable tariff 97

9iPage



Mankera Feasibility study

Glossary / List of Abbreviations

Acronym or keywords

Definition

PPDB

Punjab Fower Development Board

AC

Alternating Current

Corrected PV split from the
combined feed-in

- Share of energy fed in that is coming from the PV side, after

curtailment due to energy feed-in from wind turbines and
correction for data gaps

Capex Capital Expenditure

CUF Capacity Utilization Factor - the ratio, glven as percentage,
of the actual AC output from a solar plant over the year to
the maximum output that would be generated if operated
continuously at maximum capacity ' ‘

DCc Direct Current

W.C.8, Worst Case Scenario

EIA Environmental Impact Assessment

EMP Environmental Management Flan

EPC Contractor

Engineering, Procurament and Construction Contractor - the
entity that will be contracted to design, buy the necessary
materials, and construct the Plant

GHG Greenhouse Gases

GHI Global Horizontal lrradiation - the amount of irradiation falling
on & horizontal plane over a period, Usually measured in kWh
of energy falling on a square meter over a set amount of time
(hourly, daily , monthly or annually), e.g. KWhim2/yr

Gll Global Inclined Irradiation - the amount of irradiation falling
on an inclined or tilted plane over a period of time Effective
Gli is the amount of irradiation that falls on a plane that tracks
the sun such as those used in single axis tracking PV
systems

HY - High Voltage

IEE tnitial Environmental Examination

IFC International Finance Gorporation

ILO international Labor Organization

IRR Internal Rate of Return - the rate that results in the Net
Present Value equal to zero

kV Kilo-Volts { 1 kV = 1000 Volis)

LCOE Levelised Cost of Electricity

LID Light Induced Degradation

LV Low Voltage

MPPT Maximum Power Foint Tracker

MRA Maintenance Reserve Account

My Medium Voltage
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MVA Mega—Volt—Amps , & measure of the capacity of a power line
or transformer to carry real and reactive power

MWp The nameplate capacity of PV modules on a site measured in
Mega-Watt peak. Also, expressed as kWp or Wp

NPV Net Present Value - a financial formula to calculate the
potential return from an investment

O&M Operations and Maintenance

Opex Operational Expenditure

PEPA Punjab Enviranmental Protection Agency. _

P50 A value which is based on uncertainties and probabilities, has
a 50% chance of being exceeded. For example, the P50 yield
number is the estimate for the yield produced and the
probahility of the actual yield being higher is 50% and lower
is also 50% '

Po0 A value which, based on uncertainties and probabilities, has a
80% chance of being exceeded. For instance, the P90 yield
number is the estimate for which the probability of the actual
yield being higher is 90% and lower is 10%

FOC Point of Connection (to the electricity grid)

PR Performance Ratio - a measure of how well the plant
performs compared to an ideal case. This parameter given as
a percentage indicates the ratic between the actual and
theoretically possible energy outputs. If multiplied by the GIi,
this ratio gives the P50 Specific Yield of a project

PV Photovoltaic

R.O.W Right of Way

RE Renewable Energy

SEP Stakeholder Engagerment Plan

SLD Single Line Diagram

Specific yield A measure of the energy produced by the plant over a year
divided by its nominal installed capacity which allows for
comparison of the performance of different sized plants
Usually measured in kWh/ yr. of energy produced per KWp of
PV installed

VSAT Very Small Aperture Terminal

MIPage
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1. Project Overview and Back Ground

K1 Solar Power Lahore (Pvt.) Limited (KSPL) is a special purpose vehicle, set up to develop,
build, own and operate a 12.5 MW AC ~ 15 MW DC Solar Power Plant in Mankera, Punjab. Thus
contributing to the national development by providing self-sufficiency in power and reducing
dependence on fossil fuels, K1 Solar Power Lahore (Pvt) Limited, is fully incorporated with

’ Securities & Exchange Commission of Pakistan. SPV is owned by Consortium of three
companies, ibvogt Gmbh, Vogt Solar and GEUK.

Established in 2002, ibvogt GmbH specializes in the development, design & engineering,
financing, EPC, operation & maintenance and asset management of solar power plants. The
company provides high-quality turnkey solar power plant solutions, designed and engineered in
Germany, to end investors internationally. Vogt Solar is subsidy of ibvogt and has built over
400MW of solar farms in UK alone. vogt solar's activities cover project development, engineering,
procurement and construction (EPC), operation and maintenance (O&M) and ownership and
asset management of its solar farm portfolio. The company focuses on soiar farm solutions to
maximise lifecycle performance.

Whereas Green Energy UK Direct is a Manchester based developer, whd develops solar projects
for the end investors. The successfully developed solar projects portfolio of GEUK Direct ranges
from 60MW — 100MW.

In 2015 ibvogt, Vogt Solar and GEUK Direct made a consortium and applied for three solar

projects against a public tender, advertised by Govt, of Punjab Energy Department. A consortium

agreement was signed between three companies and registered with Punjab Power

Development Board (PPDB). As per Consortium Agreement ibvogt Gmbh was nominated as main
Y sponsor of the project.

Consortium was than awarded with 15MW DC Moza Rakh Chabeel Site in Lahore in 2016 and
was issued a pre-qualification letter in 2017. Due to unavailakility of Public land for the project,
Consortium received a delayed LO| approval letter for having a solar project anywhere in Punjab
or on the public site against which Consortium has submitted its Statement of Qualification. Due
to time constraint main sponsor ibvogt Gmbh and Consortium members decided to lock the
private land for the project. Consortium immediately locked the private land and started the
necessary feasibility study work as per milestones mentioned in the L.O.

The LOLl is valid until October 2018, and it can be extended one time while submitting a double
bank guarantee in favor of PPDB. The first feasibility study draft needs submission by 3 of
September 2018 as per timelines mentioned in LOI issued by Punjab Power Development Board.

Consortium through their main sponsor, ibvogt Gmbh started working on the Feasibility study. ib
vogt recently conducted a Wind Solar hybrid feasibility study for Fauji Fertilizer Company in
Pakistan and the study has been recently approved by AEDB Panel of Experts. The objective of
Mankera Solar farm study is to assess the feasibility of the project and is structured as follow:

Project Overview; complete understanding of the solar power project,

Site appraisal geotechnical investigation.

Planning policy statement;

Desktop based Environmental and Social Impact Assessment (IEE attached as Annex —
1)
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e [Design and Access Statement

» Capagcity and Layout of solar PV power plant to optimize combined plant economics and
minimize curtailment.
Energy Yield Assessments of solar PV system on P50 basis.

¢ Economic analysis including total project cost estimations for the construction and
operation of the plant along with various sensitivities.

1.1 Site and Works overview

Key details for the project are shown in Table 1 and the location of the proposed site is indicated

in Fig 1

S.No. Entry Details

1 Site Name Mankera Solar Farm

2 Site Coordinates P1= 31°24'3.62"N, 71°28'42.77"E
P2=31°24'15.96"N, 71°28'42 54"E
P3=31°24'16.54"N, 71°29'8 41"E
P4= 31°24'4.38"N, 71°29'7.94"E

3 Altitude 164 m (Highest recorded value)
162 m (Lowest recorded value)

4 Proposed AC and DC 12.5 MW AC ~ 15 MW DC

) capacity

5 Global irradiation levels 1784 KWh / m? (Solar GIS)

Table 1 showing the site coordinates, altitude, capacity and GHI value
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Figure 1 showing GHI value for the site

Global horizontal irradiation map for Pakistan can be seen in Figure 1 with the location of the
proposed site. (ESMAP, Solar GIS). ‘

The proposed layout is for a ground mounted single axis tracker system using Bankable Tier 1
monocrystalline modules and European central inverters. A drawing of the proposed layout is
shown in Annexure A.

An indicative timeline for the Project is shown in Annexure B Contractors will be required to
comply with a prearranged schedule of works and complete the construction and installation of
equipment by the required deadline. We recommend that permits, equipment, infrastructure
logistics and grid application be secured for the Project prior to commencement of works
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1.2 Pakistan Power Market

Electricity is life line of any economy and most vital instrument of socioeconomic development of
a country. Electricity is pivotal in running machinery in factories and industrial units, for lighting
our cities and powering our vehicles. The challenge of ensuring electricity access for industries
and providing increased access to the poor parts of the population is the key issue for any
government,

There has been an enormous increase in the demand of energy because of industrial
development and population growth, in comparison to enhancement in energy production. Supply
of energy is, therefore, far less than the actual demand, resultantly crisis has emerged.

Pakistan's energy infrastructure is not well developed; rather it is underdeveloped and poorly
managed. Currently the country is facing severe energy crisis. Moreover, rapid demand growth,
transmission losses due fo outdated infrastructure, power theft, and seasonal reductions in the
availability of hydropower have worsened the situation. Consequently, the demand exceeds
supply and hence load-shedding is a common phenomenon through power shutdown.

1.3  Electricity sector structure

Fakistan power sector constitutes of four major entities, Water and Power Development Authority
(WAPDA), Karachi Electric Supply Corporation (KESC), Independent Power Producers (IPPs),
Pakistan Atomic Energy Commission (PAEC). '

Two vertically integrated public entities, ie. WAPDA, which serves entire country except
economical capital — Karachi and KESC that solely facilitates Karachi as well as its surroundings.

Under 1997 “The Regulation of Generation, Transmission and Distribution of Electric Power Act’
National Electric Power Regulatory Authority (NEPRA) was formed; with.a challenging charter to
operate as an independent regulator and to devise a transparent, economically dynamic,
competitive power sector in Pakistan. The National Electric Power Regulatory Authority
(NEPRA" is an independent regulator setup for the regulation of Pakistan' s power sector to
balance the interests of consumers and power sector companies NEPRA develops the regulatory
regime and future market design for the power sector. All generation transmission and distribution
companies are now licensees of NEPRA and matters related to tariffs, licensing, safety, grid
codes, consumer interest are regulated by NEPRA, '

WPDA Power wing was further transformed into four sub tier entites GENCOs (Generation
Companies), Eleven DISCOs (Distribution Companies), one NTDC (National

Transmission & Dispatch Company) and KESC (Karachi Electric Supply Corporation) later named
K-Electric after privatization. Pakistan Atomic Energy Commission was than established for
generation of electricity from Nuclear Power. Private Power infrastructure board was established
to magnetize the investment from private sector through a one window operation. To explore the
opportunities in the field of renewable energy Alternative Energy Development Board was

16|Page



Mankera Feasibility study

recently established with aim of generation of electricity through alternative resource. Provinces
after the empowerment from Council of Common Interest can generate their own electricity and
each province has their own power development boards including AJK.

Central Power Purchase Agency ("CPPA"), a public-sector agency. has recently become active
for the centralized purchase of power from all existing and upcoming private and public sector
power producers. All public-sector agencies/companies are administered/overseen by the
Ministry of Water & Power, Govt of Pakistan.

1.4  Situational Analysis

The overall power generation capacity of Pakistan at the end of 2013-17 was 28,172 Mega Watt
(MW) on the NTDC system and 2,709 MW on K-Electric. Against this installed capacity, the power
generation was 120,692 GWh, which represents 44 per cent average capacity utilization.
Seasonal variation in hydro power generation, de-rated capacity of the public-sector generating
units and failure of timely supply of fuels to the IPPs are main causes of low-capacity utilization.

8.NO Peak demand during July 2017 Generation  during Surplus (MW} Short fall due to
(M) July 2017 (MW) 19.4% losses
(MW)

CTheZe |

30BR TNV

Table 2 showing peak demand and generation during July 2017 (source: NTDC)

The situational analysis for year 2017 shows that Country has now surplus generation but still
due to weak transmission system there are Iot of line losses and Country still faces load shedding
especially in rural areas where power Generation projects are not located closer to the existing
grid. To improve the situation National Transmission and Dispatch Company is supporting the
new renewable energy generation projects near the load centers and to the National Grid. So that
line losses can be reduced. Proposed solar project is also located near to the and exiting grid and
it's in 5km radius of the Mankera grid making it closer load center.

1.6 Current Statistics

Installed Capacity (MW)

Installed Capacity (MW)

Description 2013 | 2014 | 20156 [ 2016 | 2017

Hydel

Wapda Hydel 6733 6902 6902 6902 6902

IPPs Hydel 195 195 213 213 213

Thermal

GENCOs with PEPCO 4785 5458 5788 5788 5762
) KE Own 2341 2422 1875 2295 2295

IPPs

IPPs connected with PEPCO 8381 8793 8857 88642 12428

IPPs connected with KE 289 228 3582 349 339

Nuclear
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CHANUPP (PAEC) 650 650 650 650 990
KANUPP (FAEC) 137 137 75 75 75
Renewable
Solar 0 0 100 400 400
Wind 50 106 256 306 782

) Bagasse 0 0 83 146 281
Distributed Generation Capacity / Imports 413 413
Total PEPCO 20850 22104 22849 23247 28172
Total KE 2767 2787 2302 2719 2709
Total Installed Capacity 23617 24891 25151 25966 30881

Table 3 showing generatién from different sources up till 2017 (source: NTDC)
1.6 Energy Mix

Most of the power generated from Pakistan is coming from two main sources Thermal and Hydro.
The installed generation capacity by June 2017 and energy mix is as follows:

Hydro IPPs Energy Mix 2017

1%

Distributed
1%

Bagasse IPPs
- 1%

Solar IPPs

1% Wind IPPs
3%
Nuclear IPPs
4%

Figure 2 showing current energy mix of Pakistan (source: NTDC)
1.7 Pakistan Power Pakistan - Key Challenges
Pakistan's power sector is currently afflicted by several challenges.
1.7.1 Energy Mix
y  Due to poor energy mix, most of the country generation is coming from thermal fuel sources
including furnace oil and high speed diesel, which results in expensive generation 12 USD cents

/ KWhr on average.

1.7.2 Transmission and Distribution infrastructure
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High losses, in range of 19.4% is because weak transmission and distribution infrastructure. The
inefficiencies and high cost of generation are resulting in high levels of subsidies and circular
debt. This also include loses due to theft as well.

1.7.3 Electricity shortfall due to losses

Due to high energy losses, still country faces load shedding problem and taking transmission
losses into account, still electricity shortfall of 826.914 MW,

1.7.4 Installed and Planned Power Projects up to 2018-2019

Sr. Names of projects Agency Fuel Location Installed

No. capacity
(Mw)
1 Quaid-e-Azam Solar Park PPDB Solar Lal Sohnra (Cholistan), 100
(Phase-1} Punjab
2 FWEL-1 AEDB Wind Jhampir/Gharo/Bhambo 150
re, Sindh
3 Nandipur (Remaining Unit-CC) RFO Gujranwala, Punjab 425
GENCO
Total generation addition in 2014-15 ' 675
4 Sapphire Wind Power Plant AEDR Wind Jhampir/Gharo/Bhambo 50
re, Sindh
5 CHASNUPP-IIl PAEC Nucle Chashma, KFK 340
y ar
e Other Wind Power Plants AEDB Wind Jhampir/Gharo/Bhambo 330
re, Sindh '
7 Quaid-e-Azam Solar Park PPDB Solar Lal Sohnra (Cholistan), 300
(Phase-2) Punjab
Total generation addition in 2015-16 1,020
8 Qther Wind Power Plants AEDB Wind Jhampir/Gharo/Bhambo. 1,120
re, Sindh
9 Neelum Jhelum Hydel WAPDA Hydel Nauseri/Muzaffarabad, 989
AJK
10 CHASHNLUPP-IV PAEC Nucl Chashma, KPK 340
11 Tarbela 4th Ext. Project WAPDA Hydesl Tarbels, KPK 1410
12 Patrind HPP PPIB Hydel Kurthar River, KPK/AJK 147
13 LNG Based Plants {(Fhase-) PPIB LNG Bhikki and  Baloki, 2,400
Punjab
! 14 Quaid-e-Azam Sotar Park FPDB Solar Lal Schnra {Cholistan), 800
(Phase-3) Punjab
Total generation addition in 201617 6,986
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15 Keval Khwar WAPDA Hydel Dasu District, KPK 122
18 Coal Plant at Sahiwal PPDB Coal Sahiwal, Punjab 1,320
17 Port Qasim Power Plant PPIB Coal Port  Qasim  Karachi, 1,320
Sindh
18 Engro Thar Coal (unit-1) PPIB Coal Thar, Sindh 330
19 Nooriabad Gas Plant GoS Gas Neoriabad  Sindh 100
20 Engre Thar Coal {unit-2) PPIB Coal Thar, Sindh 330
21 LNG Based Flants (Phase-Hl) PPIB LNG Haveli Bahadur Shah 1,200
{Jheng},
Punjab
22 Coal Plant at Salt Range PPDB Coal Salt Range, Punjab 300
23 Tarbela 5th Ext. Project WAPDA Hydel Tarbeia, KPK 1,400
24 S TCEB Coal Thar, Sindh 1,320
S
R
L
Total generation addifion in 2017-18 7,742
25 Golen Gol HPP WAPDA Hydel Chitral, KPFK 106
26 HUB Power Company Ltd. PPIB Coal HUB, Baluchistan 1,320
27 Siddigsons Limited TCERB Coal Port Qasim, Sindh 350
28 Lucky Electric Power TCEB Coal Port Qasim, Sindh 660
Company Lid,
28 Grange Holding PPIB Coal Arifwala, Punjab 163
30 Gulpur Poonch river PPIB Hydel Poonch  River/Gulpur, 100
AJK
Total generation addition in 2018-19
2,699
Total addition duyring the Plan period 19,122

Table 4 showing installed and planned capacity up till 2018 - 2019 (source: NTDC).
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2. Site Appraisal

Punjab Power Development Board (PPDB) awarded the LOI to Consortium for anywhere in

Punjab. The consortium through its main sponsor / [ead developer ibvogt Gmbh started looking

for land and visited almost 16 — 20 sites in different areas of Punjab. The sites were assessed on
y the basis of the following factors:

Location

Access

Froximity to Grid

Terrain

Geo tech

Flood Risk

Shading

Irradiation levels

. Land use

10.Landscape & Visual Impact

11. Availability of utilities (Gas, Water & Electricity)
12. Any National or local planning designation
13. Environmental Impact

14. Land Cost

15. Legal ownership any court litigation

NI AN~

©w

After site surveys and desktop assessment Mankera site was selected as a feasible option
from financial and technical perspective. Site was further appraised while going through
following steps:

» Preliminary technical and financial assessment for pre-feasibility
o Pre-Feasibility technical and financial assessment
e Site visit

2.1 Preliminary technical and financial assessment

ibvogt as a lead developer carried out an in house technical and financial assessment for
Mankera site, The project development cost component was assessed as per NEPRA guidelines.
NEPRA only allows certain per MW development cost as a tariff component. It was made sure
that due to cost of land the overall project development cost should not go beyond NEPRA
threshold. All the numbers were put in the financial model and a suitable but competitive tariff
was identified. Also our local Grid Consult Arco Energy performed a Deskiop based assessment
(DBA). The DBA showed that site is approx. 4.2 km away from the 66KV Mankera Grid station
and grid connection is possible at 11KV. Grid Consuitant also suggested that due to NEPRA Grid
Interconnection guidelines for renewable energy project, only projects below 12.5 MW AC can be
connected at 11KV, Hence the project AC Capacity was capped at 12.5 MW AC to meet the
NEPRA guidelines.

2.1.1 Pre-Feasibility

A pre-feasibility technical and financial assessment was then carried out by Lead developer ibvogt
to for in house strategic meeting and following outcomes were shared with Board.
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Summary

The Solar System appears to be extremely viable and economically attractive,

¢ The optimal system sizing is expected — depending on several factors (NEPRA Grid
Interconnection guidelines, IRR or NPV maximization) to be 12.5 MW AC ~ 15 MW DC

e At a PPA with a tariff of $ 6,07 c/kWh an IRR for such system would be expected of ~
>15-16% (range) assuming “normal” costs in the region

» The optimal technology choice is likely to be “Manual Seasonal Tilt”

* There is strong potential to increase the IRR through (a) Total Cost and (b) Financial
structuring

» As a further potential, installing short term battery storage to minimize short term
fluctuation driven curtailments could be very beneficial and increase the overall project
sizing — probably a “Phase 2”. ‘ _

* Information regarding the above is supplied below, together with technical team thoughts
on the relevant planning assumptions '

» Itis recommended that a detailed Feasibility Study should be undertaken to deepen, verify
and optimize potentials in the Project

2,2 Site Visit

After the submission of pre-feasibility work, a site visit was then carried out to gather the primary
data from the site.

2.2.1 Site Location

The Solar Farm site is located in Mankera District Bakhar, Punjab. Most of district lies in the
desolated plains of Thal Desert. :

Fig 3 showing the location of Mankera Solar Farm site
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2.2.2 Weather Data Meteonorm

Weather for the Mankera Solar farm site is collected from the two data set sources Meteonorm

and Solar GiIS. Both the data sets were analyzed and data with lower expected bias value was
selected for the detailed technical analysis.

2.2.3 Average Temperature Data Mankera (Meteonorm)
The max average annual temperature recorded at the site is above 45 °C for month of June. High

temperatures, can affect the efficiency of solar cells. Hence solar panels with permitted module
temperature between -40 °C to +85 °C will be used for the Mankera Solar farm site.
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Fig 4 showing min, max and average temperatures at Mankera

2.2.4 Average Temperature Data Mankera (Meteonorm)

Sunshine duration [

e . " . - ; ; —
Jan Feb  Mar Apr May Jun Jol Aug Sep Oct Nov Dec
A Sunghineduration 1R 2} Astronomical sunstise duration (i}

Fig 5 sowing sunshine hours at the Mankera site
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2.2.5 Average Rainfall (Meteonorm)

Weather at Mankera site is usually dry and it only rains heavily during the wet season of Monson.
The following precipitation graphs show the high values for precipitation and days from June to
September,

Fig 6 showing precipitation graph in Mankera
2.2.6 Solar irradiation (Meteonorm)

Mankera solar farm site is near to Northern areas of Pakistan and blessed with annual Global
Horizontal Irradiation value of 1724 KWhr/?m, making it suitable site for a solar farm development.

GH DH BN TA TD FF

KWHM  KWHIM

Table 5 showing irradiation levels at Mankera
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Gh: Global horizontal radiation ("GHI")

Dh: Diffuse radiation arising from the upper hemisphere reduced by the direct solar radiation from
the sun's disk and its surroundings (6° aperture)

) Bn: Direct normal radiation (DNI, beam) arising from a narrow solid angle of 8° centered around
the sun's disk

Ta: Air temperature (2 m above ground)
Td: Dewpoint temperature

FF: Wind speed (FFE, FFN longitudinal and latitudinal part of the wind sioeed.)

GHI, DH, BN

250

200

150

100

50

0

mGhKWh/m.sq| 97 | 109 | 150 | 172 | 191 | 185 | 177 | 169 | 154 | 131 | 99 91
uDh KWh/m.sq| 44 52 69 86 96 97 | 100 | 88 82 67 49 40
mBn KWh/m.sq| 110 | 103 | 127 | 122 | 129 | 117 | 104 | 97 | 108 | 104 | 100 | 112

Fig 7 showing GHI, DH and Bn irradiation levels at site
2.2.7 Solar irradiation (Solar GIS)

The weather data from Solar GIS was also analyzed, and yield assessment was carried on the
basis on in house software interpolation and previous experience.

MONTH GHM DHD DHM T24
(KWHR/M.SQ.) (KWHR/M.SQ.) (KWHR/M.SQ.) (DEGREE
CELCIUS)

25|Page



Mankera Feasibility study

Table 6 showing irradiation levels at Mankera Site
Long-term averages:
Ghm = Monthly sum (annual) of global horizontal irradiation (K¥Wh/m2)
Dhd = Daily sum of diffuse horizontal irradiation (kWh/m2) |
Dhm = Monthly sum (annual) of diffuse horizontal irradiation (KWh/m2)

2.2.8 Global Horizontal Irradiance (GHI) — Solar GIS

Ghm (KWhr/im.sq.)

250
200
-
9
E 150
5
= 100
E
K —
O
50
0
June| July | Aug | Sept| Oct | Nov | Dec

Feb | Mar | April | May
llGhm(KWhrlm.sq.) 93 | 108|162 | 188 | 210 | 191 | 167 | 164 | 161 | 143 | 102 | 95

Fig 8 showing GHI levels at Mankera Site
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2.2.9 Diffused Horizontal Irradiation (DHI) — Solar GIS

Dhd (KWhr/m.sq.)

Jan
|thd (KWhr/m.sq.}| 1.58(1.8612.41]2.83| 3.3 |3.55|3.44(3.23|2.79|2.29(1.75| 1.49

Fig 9 showing DHI levels at Mankera site

2.2.10  Average diurnal (24 hour) air temperature at 2 m) — Solar GIS

Average diurnal (24 hour) air temperature at 2 m
40

. A
25 / .

s
-
|5 /
o 20
j=3
£ \
2 15 N
10
5
0

) Jan | Feb | Mar [ April | May |June| July | Aug | Sept| Oct { Nov | Dec
|~#==T24 (Degree Celcius)|11.7[15.1]21.2{28.2[34.1(37.3]37.9(36.8(32.7[25.1| 18 | 13

Fig 10 showing Average diurnal (24 hour) air temperature at 2 m
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2.2.11 Site Access
Mankera solar farm site is located on Jhang Bakhar road. The site can be accessed through

: a 2.17km track, sandy in nature. The track will be converted into a small concrete road during
the construction, which will be used later during the operation and maintenance stage.

2.2.12 Road types

Jhang Bakhar Road is the main artery and primary road through which site is accessed.

S.No. Road Type Name
1 Primary Jhang Bakhar Road -
2 Secondary Access Road

Jhan Bakhar Road is a single carriage way road for two-way traffic. The road width is sufficient
to cater the heavy traffic vehicles.

Fig 11 showing connectivity of the site through Bhakkar Jhang Rd.
2.2.13 Site boundary
During the Mankera Solar Farm site visit. The identification of the red line site boundary for solar
project was already done by Punjab Property Centre. The first session comprised of the desktop

» - assessment and second session comprised of:

1. Viewing solar farm site from a high surveillance point
2. Walking on the site
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2.2.14  First Session

A desktop assessment (DSA) was carried out by ibvogt technical team and site was checked
against all the National and local planning designations. The DSA showed that site doas not lie
in areas of outstanding natural beauty, green belt, National Park or located near to a site of special

3 scientific interest. Also the site is not classified as prime agricultural land and only a low quality
crop can be cultivated on the land. As the site is part of the Thal Desert, hence most of use
surrounding solar farm is desolated or of low agricultural activity. Mankera solar farm is also
located in rural area and the project will support the rural economy. An economic analysis was
carried out for the land owner and its benefits were shared with landowner. Financial benefit of
propose development will help landowner/farmer to hire additional resource to improve the quality
of his another land holding nearby the solar farm. Overall cost of the land was negotiated with
land owner and after few discussions; a final offer was then made.

2.2.15 Second Session:

The second session comprised of the site visit and started from signing of the land agreement
with the land owner. During the visit whole of the site is viewed from a high surveillance point,
From that point whole site was viewed and it was noticed that site is generally flat and comprises
of one or two terraces. Also a small number of mature trees were found on the site.

Fig 12 showing some mature trees on the site

A detailed reconnaissance survey was then carried out. Site usually has flat topography and small
vegetation cover on the top. Topsoil shows that site is suitable for ramming of profiles but a
detailed Geo Tech study would be required for detailed design of foundations. '
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Fig 13 showing some mature trees on the site

Fig 14 showing the proposed redline boundary for detailed Geotech study .

2,83 Surrounding Land use

The site itself has power generation use and surrounded by few residences, in 5km radius foward
south east and south west direction of the site, most of the land is lying vacant or as desolated
chunk. '

) A site is located at a higher elevation as compare to the residential areas; hence there will no
issue of overlooking the site from houses. Similarly, due to this difference of elevation there will
be no glint and glare impact from solar farm development.
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Figure 15 showing the major land uses around the site in 5KM radius

P = Proposed Power Generation use,
A + D = Agricultural + Desert
R = Residential use

2.4  Existing Land use

The site doesn’t have any distinctive land use. Occasionally landowner cultivates the land with
low quality crop, on some part of the land. Proposed solar farm site has a bit of sand cover, which.
) make it unsuitable for any good quality crop.

25 Topography

The topography of the site is predominantly flat which makes it suitable for development of solar
farm development. The site generally slopes from North to South and very gradual slope from
west to east. A grade analysis has been carried out at points of highest level difference to check
the gradient of the slope in redline boundary of the site for solar farm.

The topography of the site is predominantly flat which makes it suitable for development of solar
farm. The site generally slopes from North to South and very gradual slope from west to east.
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1our cude

Figure 16 showing the section through site and gradual fall of terrain toward south, average slope
0.3%.

Tom Guide:

Figure 17 showing the section through the site and showing gradual fall of terrain towards south
average slope 0.8%. Section shows a very small bit of reverse slope towards south.
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Cite GunLees S0 0L 330 k

Tour Guide

Figure 18 showing section through the site and drop in terrain from north to south — average slope
1.1% and showing a bit of reverse slope towards south

w6 12511 Llew Gulie

Towr Gude
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Figure 19 showing section through the site and drop in terrain from north to south — average slope
0.5% and showing a bit of reverse slope towards south
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Tour Guide

Figure 20 showing section through the site, predominantly flat and gradual drop' in terrain from
west to east — average slope 0.2%

Tour Guide

Figure 21 showing section through the site, very gradual undulation — average slope 0.2%
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Figure 22 showing section through the site, very gradual undulation — average slope 0.5%
2.6 Flood risk
The site has its natural drainage pattern and quite few natural Nullahs / swale /rain water drains

are passing through site. Incorporating the natural drainage pattern of the site into the design will
reduce the risk of flooding on the site. Currently site is free from a flood risk and lies out the floed

plain.
Legend
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1 Fig 23 showing flood risk map for the Mankera and it lies outside the flood plains of Punjab

The National Disaster Management flook risk map shows that site is free from any risk of flooding
and is located closer to the exisitng natural drains. A fresh water channel passes through the site
which is used to water the crop / land. Small natural water channels already present on the site
are best suited as drainage channels during the event of rain,
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Due to undulation, there is a potential of onsite ponding and the phenomenon was noticed _
frequently during monsoon season. As the solar farm development, usually don’t have any
adverse impact on the surrounding, but sometimes the angle of solar panels can increase the
velocity of surface water runoff and can cause flooding somewhere else. Hence a separate flood
, risk assessment may be carried out before construction.

Natural drainage pattern of the site shows that most of the time the surface water runoff will be
moving towards south along the natural slopes of the site.

The flood extent of 2010-2015 also shows that site is free from any river flooding and located out
the flood plains of Punjab.

2.7 Shading | ;

Shading is one phenomenon which can affect the efficiency of the solar panel. Only 10% area of

the panel in shade can result in 50% loss in the efficiency of the solar panel. The Mankera solar !
farm has some mature trees and one built room on the site. The room is built for the possession
purpose by the land owner. Once the solar farm construction will start, room will be demolished. .
Both the heighted features will be taken care of during the design stage. Still to avoid the impact

of the shading on to generation the solar panels with fitted by pass diode will be used for the
installation.

Figure 24 showing some trees on the site as heighted features.
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The other form of shading that can affect the power generation is from solar panels themselves.
For large scale, solar farms, solar panels are usually arranged in two in portrait or four in
landscape at an optimum tilt angle, usually 15-25 degrees depends on the angle of sun. Usually
height of the solar arrays ranges between 1.5 — 2.5 m. Single Axis trackers will be used hence
the array will rotate 60 degrees to the horizontal plane either way (east or west) and tilt angle for
solar array will vary from 0-60 degrees depending on sun angle.

Sufficient land is available for the solar farm generation. Hence the shading distance between the
arrays will be maxed out, to avoid any form of shading from the solar arrays.

2.8 Existing features

Lot of small shrubs and bushes are present on the site. Single room settiement, Tube well, Trees
11KV Feeder are the main existing features on the site. No distinct flora and fauna have been
noticed on the site.

2.9 Utility connections

Electricity and gas are easily available on the site. Due to high water table, a fresh water tube
well is already present on the site. Same water will be used for cleaning of panels during Q&M

stage of the project.

2.10 Wind Direction and Speed

, The predominant wind direction is
W  from North to South. The average
wind speed is 3.5 m/s, The max wind

speed recorded in the area is 5.3 m/s.

The North to South direction will only
have a sideways impact on arrays,
The tables will be facing east and west
while tracking the sun. Hence the wind
will not have significant pull out force,
in case of any wind storm.

US AID Pakistan Wind Resource Map
also shows that site is located in ° e
FESCO region and wind resource is very low / poor in the area where Mankera solar farm is
located.,

Figure 25 showing wind resource available in the area.
2.11 Legal status of site

The site has been purchased by the Project SPV K1 Solar Power Lahore Pvt Ltd and land
agreement with land owner has already been signed. The land Title is clear from any court
litigation. Initial legal due diligence has been carried out by project lawyers,
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Figure 26 showing Mankera site ownership boundary
2,12 Way leave issues

The solar power plant will be connected to FESCO network through 11KV overhead line.
The local DNO will take of the way leave.

- 213 Underground cables and pipeline

The desktop assessment shows that site don't have any underground cables or gas pipes.
The local utility will be consulted before the start of the construction to make sure, that
project civil work will not cause any harm to the existing infrastructure. Proposed sofar farm
site is privately owned, hence during the site visit land owner shared that there are no
underground oil or gas pipes passing through the site. Only tube well pipe is present on
the site, which has been demarcated during topographical survey.

2.14 Fiber optic cable

For monitoring purpose SCADA communication system will be installed in the control
room. All the PV MW blocks will be connected with CR via underground fiber optic cable
(F.O.C). No existing underground fiber cable encountered,

2.5 Environmental Impact Assessment

As per Punjab Environmental Protection Agency regulations, the solar farm sites below 50MW
will not require any EIA and will only be liable to submit an Initial Environmental Examination
report.

38|Page



Mankera Feasibility study

Initial desktop assessment shows that, there will be no impact on the flora & fauna of the area |
since there is no established grazing land, national parks, protected wild life zones or bird
sanctuary present near the solar farm. The site has also been examined from Noise, Shadow and
Visualization Impact Angle. The results show that there would be no adverse impact of Noise,
Shadow and visualization on nearby dwellings. The land is also free from resettlement issues

since it was hold previously by private landowners and now under use of K1 Solar PK Pvt. Ltd

The desktop based land use assessment also showed that there wasn't any prime use of the land
and there isn’t any special planning or environmental designation recorded on the site after 2008
ill to date. As per Punjab EPA, IEE would be required for the project.

2.18 DNO connection

Solar farm site will be connecied to 66/11 KV Mankera grid of FESCO iocated at 4.2 KM away
from the site through an overhead 11KV line.
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3. Planning Policy Statement

This chapter provides a brief outline of the planning policy information applicable to the project
with emphasis on renewable energy policy and climate change. The current Government have
attached substantial importance to the continued development of renewable energy sources and

; their renewable energy policy sets the context for the determination of planning applications. The
policies outlined in this statement clearly indicate that considerable planning weight should be
attributed to these policies.

The Renewable Energy Policy 2006 revised in 2009 provides the support for the development of
RE projects in Pakistan,

3.1 International Policy

Climate change became a‘prominent issue in the 1980s and in response to this the United Nations
adopted a resolution on the ‘Protection of global climate for present and future generations of
mankind’,

The United Nations Framework Convention on Climate Change (UNFCC 1992) and the Kyoto
Protocol (1997) committed parties to individual, legally binding targets to limit or reduce their
greenhouse gas emissions.

The Stern Review of 200611 warned that “Defaying action, even by a decade or two, will take us
into dangerous territory. We must not let this window of opportunity close”. The review highlights
the importance of acting now to reduce carbon emissions. In the short term renewable energy is
one of the main options for reducing carbon emissions.

The 4th Assessment Report of the IPCC (Intergovernmental Panel on Climate Change) raised
the possibility of the Earth’s temperature rising well above the ceiling quoted in earlier accounts
and giving rise to severe consequences such as the collapse of the Greenland ice sheet and
disruption of the Gulf Stream Ocean current.

A ‘roadmap’ towards a new climate deal in which developed and developing countries are legally
bound to reduce their carbon emissions was the agreement born out of the United Nations
Climate Change Conference 2011, Durban. The terms of the agreement are to be drawn up by
2015 and come into effect by 2020,

3.2 European Policy

The European Climate and Energy Package12 (2007) aims to further improve energy security
and reduce carbon emissions. The package sets out the following climate and energy targets that
are to be met by 2020:

¢ Areduction in EU greenhouse gas emissions of at least 20% below 1990 levels:

s 20% of EU consumption to come from renewable resources;

» 20% reduction in primary energy use compared with projected levels, to be achieved by
improving energy efficiency”.
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These targets are known as the 20-20 targets. EU leaders have agreed to increase Europe’s
emissions reduction target to 30% if a global climate agreement can be achieved. To achieve the
EU renewable energy, target each member state has agreed to an individual target,

3.3 Asia Pacific Renewable Energy Targets

Burgeoning energy demand, limited fossil fuel reserves, and global warming concerns have
forced countries in the Asia-Pacific region to increase the share of renewable energy in their
energy mix. The region has made significant investment in renewable energy projects in recent
years, and this is expected to continue in future. Many countries have adopted policy instruments
such as Feed-in Tariffs (FiTs), Renewable Portfolio Standards (RPS), soft loans and tax
incentives fo promote renewable energy. Most of the government measures that have been
infroduced have received a positive response and have played a vital role in the development of
the renewable energy industry. '

Investment in renewable energy projects increased following the introduction of the Kyoto
Protocol in 1997. This protocol sets binding obligations for industrialized countries to reduce
greenhouse gas emissions by 5% against 1990 levels by 2012 (the first commitment period) and
by 18% against 1990 levels by 2020 (the second commitment period).

Australia, Japan and New Zealand have signed the Kyoto Protocol, thereby committing to the
reduction of carbon emissions. India and China, as participants in the Copenhagen Accord in
2009, pledged to work towards respective binding carbon intensity reduction targets of 20-25%
and 40-45% by 2020, in comparison with 2005 levels,

China is rapidly becoming a major player in the global renewable energy industry. In recent years,

] the country has developed its wind turbine and solar Photovoltaic (PV) manufacturing industries.
The government has shown commitment to renewable energy through the introduction of a series
of new laws and financial support measures, '

India and Australia have also implemented several support measures for the development of
renewable energy, the efficiency with which these measures are implemented will determine
future growth in both countries. The new programs related to solar power development
announced in India are expected to significantly increase the share of solar power in the
renewable energy portfolio. The Japanese government has shown commitment to renewables
through the introduction of a FiT for renewable energy. It also announced plans to entirely rebuild
its energy policy following the Fukushima nuclear disaster in March 2011. The policy now
recommends gradually reducing dependence upon nuclear power while enhancing the share of
renewable energy and efficient fossil-fuel power generation.

Thailand, which has announced several measures to support the growth of its renewable industry,
is aiming for renewable energy to account for a 25% of overall power within the next 10 years.
Pakistan currently don’'t have any renewable energy targets but still Govt is encouraging the
installation of Wind and Solar power plants and have got a policy frame work in place to support
the RE projects in Fakistan.
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. 8.4 National RE Policy 2006 |

Pakistan has a tremendous renewable energy potential. Ministry of Water and Power in 2006

published RE Policy which encourages the deployment of wind, solar, hydro and biomass

projects. The policy provides the detailed process and guidelines for development of RE project
) in Pakistan. Salient feature of 2006 RE policy are as follow:

i. It invites investment from the private sector for following categories of
proposals: a. Independent power projects, or IPPs (for sale of power to the
grid only) b. Captive cum grid spillover power projects. (i.e., for self-use and
sale to utility) c. Captive power projects (i.e., for seilf or dedlcated use) d.
Isolated grid power projects (i.e., small, stand- alcne)

ii. Except for Category (a) above, these pro;ects will not requn*e any LOI, LOS,
or IA from the Government.

iii. Electricity purchase by NTDC/CPPA from qualifying renewable energy-
hased generation projects has been made mandatory.

iv. It permits an investor to generate electricity based on renewable resources
at one location and receive an equivalent amount for own use elsewhere on
the grid at the investor's own cost of generation plus transmission charges
(wheeling).

v. It allows net metering and billing so that a producer can sell surplus
® electricity at one time and receive electricity from the grid at another time and
settle accounts on net basis. This will directly benefit the economics of small
scale, dispersed generation and optimize capacity utilization of installed
systems.

vi. It delicenses and deregulates small scale power production through
renewable resources (up to 5§ MW for hydro and 1 MW for net metered sales)
to reduce the transaction costs for such investments, This will be particularly
beneficial for micro, mini and small hydro as well as solar-based electricity
production. '

vii. It lays down simplified and transparent principles of tariff determination.

viil. In insulates the investor from resource variability risk, which is allocated
to the power purchaser.

ix. It facilitates projects to obtain carbon credits for avoided greenhouse gas
) emissions, helping improve financial returns and reducing per unit costs for
the purchaser.

Table 7 showing salient features of RE Policy 2006
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These guidelines are in line with the Government’s open door policy for inviting private investment
into the country,” Projects with Govt. PPA are developed under same RE Policy.

The brief of development process is as follows:

S.NO. Q&M Typical Allowance
(Days)
1 Submission of proposal on raw site by sponsors -
2 Review of proposal and qualification of sponsors by 30
AEDB/Provincial/AJK Agency
3 Posting of Bank Guarantee by sponsors 15
4 Issuance of Letter of Intent (Lol) by 7
AEDB/Provincial/AJK Agency
5 [nitial time allowed to carry out feasibility study and Based on schedule
term of the Lol. stbmitted by IPP, subject
to maximum of 18 months
8 Tariff negotiations with power purchaser and 90
approval of tariff by NEPRA (the time can be
significantly reduced if up-front tariff is accepted by
IPP)
7 Submission of Performance Guarantee by sponsors 15
upon approval of tariff by NEPRA
8 Issuance of LoS by AEDB/Provincial/AJK Agency 7
9 Financial close 265

Note:

Table 8 project development process as per policy 2006

LOI to proposed solar farm development was awarded by Punjab Power Development Board.
Hence project will be developed under Punjab Power Generation Policy 20086 revised 2009, LOI
copy attached here as Annexure J.
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4. Desktop based Environmental and Social Impact Assessment

As per Environmental Protection Agency Regulation 2000, Energy project below 50MW will
require an Initial Environmental Examination (IEE). As per regulation all the developments that
require IEE or EIA are categorized into two types Schedule | and Schedule Il developments. The
energy project (hydro generation) above 50MW require an EIA and energy project (hydro
generation) below 50MW will require an IEE. As per Schedule 1 development, an Initial
Environmental Examination (IEE) will need to be carried out to demonstrate that the impact on
the environment and local communities is acceptable and that the Project complies with national
environmental laws and regulations. The proposed solar plant will require an IEE which shall be
carried out by an environment expert and the [EE study approval shall become part of this
Feasibility Study as Annexure |.

If the Project require at any stage, international financing than it will need to demonstrate
compliance with the requirements of International Financing Institutions, such as Development
Agencies and Banks. This is generally achieved by following the International Finance
Corporation’s (IFC) Performance Standards on Social and Environmental Sustainability, and
Industry Sector Guidelines. The standards relate to various elements of social and environmental
assessment and management, summarized as follows:

Performance Standard 1- Assessment and Management of Environmental and
Social Risks and Impacts

Performance Standard 2 Labor and Working Conditions

Performance Standard 3 Resource Efficiency and Polluticn Prevention
Performance Standard 4 Community Health, Safety, and Security
Performance Standard 5 Land Acquisition and Involuntary Resettiement

Performance Standard 6 Biodiversity Conservation and Sustainable
Management of Living Natural Resources

Performance Standard 7 Indigenous Peoples

Performance Standard 8 Cultural Heritage

The IFC Performance Standards are reinforced by the Equator Principles (EPs), a credit risk

3 management framework for determining, assessing and managing environmental and social risk
in Project Finance transactions. As Lenders for this type of project are generally Equator
Principles Financial Institutions (EPFIs). It is likely that adherence to these Principles will be
required,
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A gap analysis between the IEE produced for the Project and compliance with the IFC Standards z
and EPs would identify additional issues that should be addressed to reduce risk to the project |
and to help safeguard the project against any environmental and social uncertainties. This
analysis will produce an Environmental and Social Action Plan (ESAP). Listing actions are
required to meet the various standards

These actions would form part of a Condition Precedent issued by the lender and can be
addressed as financing proceeds. Thus, incorporating these standards is unlikely to result in
delays to the project or prohibitive costs.

The principal impacts of a solar development are dictated by the specific nature of the site, and
usually limited to. the following key impacts and issues: - ' -

e landscape and visual impact
e Ecological impact ' ‘
¢ Hydrological impact
¢ change in land use _

» consfruction impacts ' S |
+ employment opportunities

4.1 Environment

Solar farm development is temporary development in nature, and has minimal impact on
surrounding. The solar panels are passive in nature and do not generate any harmful emissions.
Almost 0.75m high from the front and 2.5m high from the back, make the vegetation grow well

8 and sheep grazing is easily possible. Solar farm generates electricity by using the solar
irradiations and don’t require fossil fuel for most of its operation, which makes it zero carbon
development. In addition, the production of electricity from a renewable source will make a
significant contribution to reductions in Greenhouse Gases (GHG) emissions over the lifetime of
the Project. The solar farm will have energy generating capacity of approximately 12.5 MW and
will generate enough low carbon renewable electricity to meet the demands of more than 7812
homes a year.

Solar Project Generation in MWhr = 2026*12.5 = 25325
Combined Margin Emission Factor grd, oM,y = 0.6343 tCO2/MWh.

Carbon Emissions savings = Solar Project Generation X Combined Margin Emission Factor gri,
CM, vy

= 25325 MWhr X 0.6343 tCO2z/ MWh
; =16063.64751C0Oz2
The principal environmental and social aspects identified as part of our early observations are

outlined below for the proposed project site, with a brief statement regarding possible mitigations
that have been identified at this early stage.
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4,2 Ecological Impact

The proposed solar farm site is not a prime agricultural land and don’t have any record of
threatened flora and fauna. Not a single endangered tree species has been found over the site,
only the Native bushes are present on distant locations.

The site has mainly rocky strata at and below the surface, which is not suitable for a quality green
cover,

4.2.1 Flora

The flora of the area is governed by the type of soil and the amount of moisture available. As it is
an open uninhabited area, so no particular flora is present. Only some bushes are present at the
project site. The project site itself is a barren land but the natural vegetation around the site is
comprised of few scattered perennial trees namely Eucalyptus and Kiker (Acacia arabica). )

4.2.2 Fauna ‘

The wildlife in the area has been affected by colonization of the area and many wild life species
have either diminished or vanished. Most of the domestic fauna are in the vicinity of the Project
Site. Terrestrial fauna of the area includes cats, jackals and dogs. Domestic animals like cow,
buffalo, goats, sheep, donkey and horses are also found. The bird community, found in the area,
includes variety of residential birds such as sparrows, crows, parrots etc. Small squirrels, rats and
snakes are also found in the area,

4.3 Cultural Heritage

The site is in Mankera Punjab and mostly has desolated land use in the surrounding. The site
doesn't have any other historic building in the surrounding. Hence site setting will not be affected
by the development of solar farm and history of land use of the site shows that site is free from
any kind archeological findings. The desktop assessment clearly demonstrates that the solar farm
will not have any cultural or heritage impact.

4.4 Landscape and Visual

The site and surrounding area are characterized by an overall flat topography, with no elevated
areas in the vicinity to give significant views of the development. The closest settlement fo the
proposed site is a residential area in south west direction of the Mankera power plant. The closest
setflement near to the solar site is located almost 5km away from the site in south west direction.
Being located closer to the site, the residential area is located at almost the same elevation and
because of distance from solar plant, it is highly likely that residents will overlook the site. But as
the only residence located near the site is in the south east direction, hence only side of the solar
arrays will be visible, which will not cause any glint or glare impact. The landscape character of

7 the area is not outstanding and has not been designated as area of outstanding natural beauty
or national park. Hence development of solar farm will not deteriorate the surrounding
environment and landscape. With proper landscaping plan, the existing character of the area can
be strengthened.
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4.5 Site Land Use

Prior to development of solar farm, the site was predominantly of infertile character with having
any low quality agricultural activity. The development of solar farm will not result in the change of
use, as site existing use is desolated land. Thus, there will be no loss of existing agricultural land

3 or displacement of any users of the land. The installation of the solar power plant would provide
income from a site which was previously unused and non-productive.

4.6 Hydrology and Water Use

The major surface water source in the area is Indus River, flows right side of the Bhakkar District.
In addition to that there are few other surface water sources, which, are used for irrigation
purposes for agricultural lands in the area.

The major sources of the groundwater in the area are hand pumps, pressure pumps and tube
wells. The main source of drinking water in the area is groundwater, which is pumped through
hand pumps, pressure pumps and tube wells. The groundwater is also used for irrigation
purposes. Currently site has an existing tube well facility which will be used for module cleaning.
The ground water recharge will not be affected, as only 40% of the site area will be covered with
solar panels and mounting structure will not cause any stoppage of water during any event of
recharge.

4.7 Transport and Access

Main roads such as Jhang Bhakkar Road are in easy and close access of the proposed project

site. Mankera solar farm site is located on Jhang Bakhar road. The site can be accessed through

@ a 2.17km track, sandy in nature. The track will be converted into a small concrete road during the
construction, which will be used later during the operation and maintenance stage.

Road types Primary = Jhang Bakhar Road
Secondary = Access track already present on the site

The current development of solar farm will only generate the traffic during the construction period
which will last for six months’ maximum. During the operation, the only small LTVs will be carrying
out the maintenance jobs. After construction HTVs will visit the site in case of replacement of
major part / equipment like inverter, which usually happens for once during whole project life.

4.8 Waste Management

To reduce the waste generated from the construction of the development there will be waste
recycling and re-using initiatives in place. Two waste containers will be on site: one for the
recycling of paper and cardboard, and the other for the recycling of wood. Several containers will
be needed during the installation to store panels as they are constructed. Earthwork materials
y  arising from the construction process will be stored and re-~used on site. It should be noted these
quantities will be minimal. This will avoid the need to import and expott material. To minimize
damage to soil structure all top and sub soil will be handled and stored carefully, It should be
noted these quantities will be minimal. Site office waste will be collected in separate bins to allow
for recycling. Recycling bins will allow for cans, bottle and paper. Paint spray cans, used for
surveying, will be logged when issued so that it can be ensured all are disposed of properly.
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Wastewater from the portable toilets and washing facilities will be discharged into sealed
containment systems and disposed of by licensed contractors.

4.9 Social

The solar project should also place emphasis on Corporate Social Responsibility. Targets and
commitments should be made with regards to issues such as local spend for both the construction
and the operation phases, as well as commitment to a community trust, targeting further priority
issues such as education or training projects.

The land on the proposed site is not currently occupied by any tenant farmers and, being located
within the existing power plant security perimeter, is not in unofficial use by any of the local
population. No physical or economic displacement will therefore resuit from the development.

4,10 Environmental and Social Management

4101 Impact Assessment

Solar PV plants are not currently clearly classified in either Schedule | or Schedule Il of the
reviewed section 33 of the Pakistan Environmental Protection Act, 1997 (XXXIV of 1997).
However, the development of the proposed Project is very unlikely to cause any negative effect
on the surrounding environment and as the project size is less than 50M therefore it may be
assumed that the Project falls within the Schedule | for which only the IEE- is required as part of
the planning and approval process.

The IEE provides a description of the environmental and social setting of the development, an
assessment of potential impacts and recommendations for mitigation measures.

4.10.2 Envircnmental Management Plan

Although it is expected that the Project will be established using local financing, we recommend
compliance with IFC Performance Standards which are considered industry best practice and
demonstrate ongoing and responsive management of all potential social and environmental
impacts throughout both construction and operational phases, in line with the principles already
established at ibvogt other power plant. A key requirement in this regard is the provision of an
Environmental Management Plan (EMP). The EMP for the solar project is set out in Section 6 of
the |IEE, describing mitigation and management measures for the development and allocating
responsibilities for the measures proposed.

4.10.3 Stakeholder Engagement Plan

Stakeholder engagement is an essential element of a robust environmental and social
assessment and is a key lender requirement, e.g. Principle 5 Stakeholder Engagement, of the
Equator Principles, and IFC Good Practice Handbook for Stakeholder Engagement. The general
stakeholder process is as follows:
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» Toidentify people or communities that are or could be affected by the project, as well as other
interested parties
s To ensure that such stakeholders are appropriately engaged on environmental and social
issues that could potentially affect them through a process of information disclosure and
meaningful consultation
3 ¢ To maintain a constructive relationship with stakeholders on an ongoing basis through
meaningful engagement during project implementation
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5. Design and Access Statement

The Design and Access Statement will describe the various design elements of the proposed

¥ development in terms of use, amount, layout, scale, and appearance. It has demonstrated that
the proposal has been designed in accordance with industry best practice and with the principle
of good design in mind.

From the site visit it can be assumed that the soil is rammable although the presences of stones
may hinder these works. A thorough geotechnical study has been carried out which shows that
ramming of profiles is possible, which makes the site feasible for development of solar farms.

51 Introduction 5 . | , ‘

This Design and Access Statement (DAS) has been prepared by ibvogt GmbH to assess the |
feasibility for the proposed solar farm with an installed capacity of 12.5 MW AC at the Mankera

site in Punjab, Pakistan and forms an integral part of the feasibility study. The solar farm is ‘
intended to operate as Grid connected generation facility which will sell electricity to National Grid
through an EPA. Specifically, ibvogt intends to develop a solar power plant located on the
premises owned by the project SPV. :

During the preparation of this DAS, ibvogt has leveraged decades of expertise in designing, |
constructing, operating and maintaining utility-scale solar power plants across the globe. Several }
key experts within the ibvogt team were involved in the design process to develop the best and i
most optimal outcome for Mankera Solar Farm. ‘

This DAS encompasses the design factors, issues and decisions that should be considered for
any solar farm, including the design layout, type and number of components, positioning, soil and
material attributes, etc.

It should be noted that this DAS should be read in conjunction with both the accompanying
Planning Policy Statement, which establishes the plans for the design of the application proposal,
and the supporting environmental report, which considers any potential impacts on ecology,
landscape and aesthetics, transport and flood risk, among others.

5.2 Site Location
The proposed site is comprised of approximately 25.25 hectares and The Solar Farm site is

located in Mankera District Bakhar, Punjab. Most of district lies in the desolated plains of Thal
Desert. '
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Fig 27 showing location of Mankera solar farm

5.3 Transport and Site Access

Specifically, the project site is located at Chak No 03, Rakh Mankera, District Bhakkar,
) Punjab. The site is located almost 4-5 km away from the main center of Mankera in north
- east direction.

Main roads such as Jhang Bhakkar Road are in easy and close access of the
proposed project site. Mankera solar farm site is located on Jhang Bakhar road.
The site can be accessed through a 2.17km track, sandy in nature.

The track will be converted into a small concrete road during the construction, which will
be used later during the operation and maintenance stage.

Road types Primary = Jhang Bakhar Road

Secondary = Access track already present on the site

Mankera can be accessed from three directions. From Multan via Chowk Azam, from
Jhang through Hyderabad Thal and from Dera isimail khan through Bhakkar. All the three
routes described above are continuously used by Heavy Traffic Vehicles (HTV's) making
site suitable for access of construction vehicles during construction.
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Fig 28 showing connectivity of the site through Jhang Bakhar road.

! Fig 29 showing the existing track to access the site, and will be converted into TST (Triple Surface
treatment) road during the construction.
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54 Proposed Development and Design Principles \

With every solar farm project development, ibvogt follows a proven methodology to render the
best design solutions. Extensive experience has made these design approaches and processes
more effective and efficient over the years. As Per the methodology, the development and design
principles are based on:

» Physical opportunities and constraints the site provides;

¢ Material and labor needs of the development itself;

« Policy context relevant to the development of the site, and,
e Technical input and criteria from local consultants,

In addition, from its extensive track record, ibvogt is committed to established international
standards and norms applicable in the industry, including IEC as well as local standards. For
example, some notable IEC standards in the past have included “IEC 61557: Photovoltaic (PV)
module safety qualification” and “IEC 62446: Grid connected photovoltaic systems - Minimum
requirements for system documentation, commissioning tests and inspection.”

The key considerations and constraints as well as opportunities are outlined below.
Key Considerations and Constraints
The design must consider:

« Any potential archeological assets, wildlife habitats, precious resources or minerals at the
site. The input provided by Environmental Consultants confirms that the site is not home
] to any protected wildlife or trees and is not subject to minerals or mining rights, archaeology
finding, any local or national designation as a national park or areas of any special scientific
interest, nor any special ecological features.

» Physical characteristics of the site, such as the field boundary, slopes, etc. Following the
site visit and GIS analysis, the topography of the land at the site seems to be relatively flat
with minimal, gradual sloping, which are not enough to significantly affect the tilting and
positioning of the modules.

» Shading form nearby Trees and heighted feature. Solar power plants are prone to higher
risk of losses due to shading, which can be mitigated or completely avoided through careful
planning and design. Following a thorough analysis and software simulation, the
engineering team at ibvogt has determined an optimal placement of the racks at sufficient
distances away from every tree to avoid shading effects.
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Figure 30 showing the trees that can cause shading along with small shrubs on the site which
will be cleared of after initial grubbing of the site

L ]

Module soiling and cleaning. Given the dusty and windy climate of the site, soiling and
cleaning of the modules requires an in-depth analysis. From projects developed in the
African deserts, ibvogt already has experience in soiling and cleaning marginal cost and
benefit calculations, where the actual and monetary values of the yield reduction due to
soiling and infrequent cleaning are compared to cost of cleaning the modules. Module
cleaning, whether manual or using robots, also requires water, which is a scarce resource
in the area. But Mankera solar farm site has an tube well on the site. Laboratory test of
tube well water shows that it's a fresh drinking water and will also be used for cleaning of
panels. The salinity of water is low which means there will be no salt deposits on the solar
panels after cleaning.

Ramming, drilling or blasting of the ground. The subject area is part of the Greater THALL
Desert which is between rivers of Sindh and Jehlum and district Bhakkar forms a part of
this desert. The land mass is generally composed of fine Dune SAND as per AASHTO soil
classification it is A-3 type, or fine silty SAND with AASHTO classification of A-2-4. The
LPT (Light Penetration Test) indicates that the soil compactness varies from medium
dense to very dense. The top soil in some shows 1-2 blows for 100mm penetration,
however at depth greater than 1.50m the average blows is 3-6 upto 3.0m beyond which it
is generally 8 blows for 100mm penetration, which designate a very dense state. Majority
of the LPT reached the maximum depth of 4.0m without reaching the refusal. The general
depth of testing was 4.0 meters. The Geotech study result shows that ramming is possible
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on the site as no hard strata encountered. A total of 81 DCPT Tests were conducted,
details of the test summary is appended to this report Attached as Annex H.

Figure 31 showing 50mX50m grid, yellow points for hand excavation samples, red points for
slotted red tests and Light penetration test on all 91 points.

5.5

Chemical tests on soil samples indicate that soil does not exhibit an aggressive natureand
no special cement or precaution will be required. Bhakkar is situated in Seismic Zone 2A
as per Building Code of Pakistan (Setsmic provinces -2007), with peak Horizontal Ground
Acceleration of 0.08g to 0.16g. Ground water table was not encountered in any of the pits
or DCPT however as per information from locals, the water table is around 20ft depth.

Opportunities

On a broader level, the solar farm at presents advantages and opportunities for positive impact,
namely:

Contribution to national renewable energy and climate change targets;

The delivery of renewable energy at a local level;

A positive contribution to the economic development and diversification of the area;

Use of underutilized barren land;

Sunlight intensity levels - the site is well located geographically for relatively high solar
irradiation and flat terrain that is free of any buildings or mountain ranges that could cause
shadowing;

Relatively good road access from the east, west and south, as mentioned above;

The site is not historically protected or environmentally sensitive, as described within the
EIA Regulations;

Area requirements - the site provides enough land to accommodate a 12.5 MW AC solar
farm, and;

The site is available for the entire lifetime of the proposed scheme (designed operational
fife span is 25 years).
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56 Design Solution E

As evidenced by the company's extensive portfolio of solar power plants, ibvegt's vast EPC and
O&M track record serves as a robust indicator of the success and reliability of the design solutions
and the comprehensive in-house expertise of the project development teams. This section

) elaborates on some of the design solutions mentioned previously and addresses important site
requirements and local characteristics, specifically with respect to the proposed use of the site;
amount, scale and appearance of components; site layout; location; materials requirements; and
site access.

5.6.1 Proposed Use

As mentioned, the proposed development is for a ground-mounted solar farm. To ensure an
optimally operating solar farm and maximize yield and earnings, ibvogt offers its EPC and O&M
expertise to design, build and operate the solar farm as per proposed site layout. The solar farm l
will have energy generating capacity of approximately 12.5 MW AC and will generate enough low ‘
carbon renewable electricity o meet the demands of more than 7812 homes a year. The Carbon ‘
emissions saving calculations has been carried out and are as follows: '

Solar Project Generation in MWhr = 2026"12.5 = 26325
Combined Margin Emission Factor grd, o, y = 0.6343 tCO2/MWh.

Carbon Emissions savings = Solar Project Generation X Combined Margin Emission Factor grd, t
CM, v

® - 25325 MWhr X 0.6343 tCOz/ MWh ’
= 16063.6475 tCOz

The solar farm is proposed for a standard operational lifetime (approximately 25 years), after
which the associated equipment can be removed from the site and the land would be restored to
its original condition.

Amount, Scale and Appearance of Components

The attributes of key components are as follows:

o Modules: out of the top technologies (e.g. mono- and polycrystalline silicon and thin film)
and brands, the most appropriate PV panel type must be selected to generate a combined
AC capacity of 12.5 MW. An important point is availability, which can determine the
success and speed of the project during construction. As an established leader in the
industry, ibvogt has prominent relationships with top module manufacturers, facilitating the
procurement process.

o Module Dimensions: The dimensions of the selected panel would be in the range of 1.99
m x 0.99m x 0.40m. As part of an optimal arrangement that minimizes near shading, the
mounted height of the panels should be no higher than 3 m above ground level and, at the
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lower end, at least 600 mm above ground level. The glass coated panels are coated to
maximize daylight absorption, and thus minimize glare potential.

Mounting Frames:

The solar panels will be oriented towards east
and west on metal mounting rack frames by
using Sun tracking technology. Each rack is
designed with 2 rows of 21 solar panels in
portrait orientation. To capture maximum direct
irradiation, the mounting frames will adjust its
angle of between 0-60 degrees from the
horizontal. Rest the solar array will be able move
60 degrees from horizontal either way, east or
west. Posts and beams of the supporting
structure are made from galvanized steel or
aluminum. The design is based on a detailed
structural calculation tool developed in-house by ibvogt.

A0

Figure 32 shéwing side elevation of mounting structure for Single Axis
trackers

o Module Tilt: in past projects, ibvogt has conducted in-depth analyses on projects across
the globe on the applicability of fixed tilt, seasonal tilt and tracking systems. Building upon
} this extensive track record, ibvogt has compared the financial and technical implications
» based on a preliminary analysis for each of the approaches for the solar farm site. Due to
drop in the equipment prices and will higher vield output, Single — Axis tracker is the best
solution for markets with low Feed in Tariff. The module Tilt usually varies between the
15-30 Degrees in different regions depending on angle of the sun. For Mankera
development the tilt angle will be adjusted automatically between 0-60 degrees depending
of sun angle.

1 Grogs Sastion
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Figure 33 showing generic, side elevation of solar array and front elevation of solar array

Mounting Piles: as the main supporting structure for the modules, piles serve a very important
role and must be fixed properly. Piles can be driven but, ramming depth should base on a
more detailed analysis of the soil at the site. The mounting frame piles are typically driven
approximately 1.5 m into the ground and, contrary to other developments, no concrete
foundations are required. At the end of their operational life, when the site is decommissioned,
the piles are simply removed from the ground, leaving negligible ground disturbance.

« MV / Customer Substations (Inverter/Transformer). the solar panels generate DG
(direct current) electricity and require an inverter to convert DC into AC (alternating
current) for injection into the grid. The proposed solar farm will use string inverters like
most standard solar farms and details can be found in the example datasheet provided
in Annexure C.

As per the Plant SLD, one collector group is having twenty-five string inverter of

i 105kVA capacity each that are connected to one transformer station of 0.8/0.230kV,
2750kVA capacity. The output voltage of each inverter is 0.8kV, following with
0.8/0.230kV Transformer. The total five collector groups formed are used to
accumulate all available power from PV panels to 11kV bus bar.
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Figure 34 showing typical transformer station

Substation (DSO): a substation is required on every
solar farm site as it is the point of connection from where
the electricity flows into the grid network via the
connection cable. The substation houses the switchgear
which acts as a safety mechanism to protect the solar
farm from any fault in the grid and vice versa. It
automatically disconnects the electrical circuits if there is
a fault in the system. Appropriate earthing and lightning
protection systems will be developed during the
engineering phase of the project.

Solar farm will be conencted to National Grid through a
11KV connection.

More details of Grid interconection has been discussed
in Chapter 6 of the feasibility study.
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Figure 35 showing SLD of 66/11KV grid station

* Communications Pole: a communications pole will be installed on site so that the solar
farm can be remotely monitored by technical operations and maintenance staff. Additional
provisions, such as a very small aperture terminal (VSAT) system, teleprotection and
communication through a Digital Power Line Cartier (DPLC) system, can be included.

* Spares Building: a small storage/spares building will be installed to allow the safe storage
of spare parts required from time to time as well as other maintenance equipment.

* Perimeter Fence: a perimeter fence must be installed to prevent wild or large animals
from entering the site and damaging the panels and equipment. Additionally, it is required
for security purposes to prevent vandalism and unauthorized access as well as for health
and safety reasons to ensure no unauthorized personnel can access the onsite equipment.

Figure 36 showing typical fence drawing

» Security Cameras: to monitor the site and prevent any unauthorized access motion
sensor CCTV cameras will be installed along the site boundary. The CCIV cameras will be
mounted on poles approximately 4 m in height. Additionally, although the cameras use
infrared technology, lighting will be required according to WTG specifications.
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Figure 37 showing typical security camera drawing

» Temporary Construction Compound; a temporary construction compound or area is

7 proposed towards the south-western end of the site. This will enable ease of access for

L J construction staff and provide a suitable location for loading and unloading of construction
materials. This area will be in temporary use whilst the solar farm is being constructed.

Pt FHRF ke e S e demmssa

Figure 38 showing typical 1ISO 40’ container

61{Page



Mankera Feasibility study

¢ Access and Site Tracks: The development will be connected to the public road network
via the existing access road. Existing access tracks on site will be used during construction
and operation with some additional sand and gravel tracks installed off the existing access
J tracks to allow easy access for construction, operation and maintenance.

Figure 39 showing typical section of access and site tracks

5.6.2 Layout |

During the design period, the layout of any solar farm is extremely important to ensure the most
efficient use of the land available and prevent any unnecessary impacts on the landscape. It is
- also important to ensure that no shading occurs on the solar arrays so that they can produce as
much electricity as possible from the daylight they receive. The proposed layout has been
prepared by ibvogt's in-house technical team and has taken account of all features on site, such
as wind turbines and overhead lines, More details are presented in the section on *Yield

Assessment”.
The total area of the site is 25.25 hectares. Almost 40% of this area will be covered with the ’

proposed solar panels. The remainder of the site will remain as steppe apart from some sand and
gravel tracks that will be laid on site as shown on the site layout. The layout in high-resolution can

be found in Annexure A. |
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Figure 40 showing PV solar farm layout plan

5.6.3 Location

The location of the proposed solar farm has been influenced by several factors. The most
important being the need to find a suitable location to support the maximum irradiation potential
of the sun. Accordingly, a clear view south, south-facing or a flat site with minimal shadowing are
usually considered ideal locations. An available point of connection to the electricity distribution
network is also of prime importance, while also satisfying other technical and planning criteria for
solar farms.

5.6.4 Construction Access

The site will be accessed from the road as shown on the accompanying Site Layout. A new gate
entrance will be installed. The area already consists of a firm surface suitable for vehicles entering
the site. The site access point has the benefit of being located along a straight stretch of road
ensuring excellent sight visibility. During the operational period of the proposed solar farm, low
levels of traffic will be generated from the following activities;

« Operations and maintenance staff will visit the site a couple of times a month in a transit
} van or a 4 x 4 type vehicle;
o Visits per year to clean the panels, which will involve trucking in water.

Occasional tours of the solar farm may be facilitated for educational purposes once it is fully
operational. Decommissioning of the site will broadly reflect the same traffic levels experienced
during the construction period.
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5.7 Construction Phase

A maximum of up to 40-60 construction workers are anticipated to be on site during peak times
during the construction period. A temporary construction compound will be provided on the site.
This will also act as a storage area, parking for contractors and turning for heavy-duty vehicles.

o A comprehensive construction plan will be prepared before the start of construction. Typically,
the construction plan would last up to 34 weeks in total, limited to specific hours by planning
condition with limited working at weekends.

The first stage comprising preparation and installation works will take around five months, On
completion, there would be a further month of testing and commissioning prior to the development
becoming fully operational. A typical sequence of construction works is as follows:

Field survey/setting out

Preliminary earth works

Onsite trenching and cable laying
Piling to support framework

Erection of support framework

Panel Installation

Electrical Installation

Construction of transformer buildings
Connection of inverters

Security fencing

Security installation/fcommunication system
Site remedial works and completion
Off-site trenching and cabling
Testing and commissioning

Traffic to the site following the completion of the development will be on an intermittent basis, and
should not impact on the conditions of local roads and lanes. Movement of dust during
construction will be mitigated via regular module cleaning, as necessary.

4« & & % & €© % © & & ¢« & 5 @
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6. Grid Connection
6.1 Current Installation

The 66/11kV Mankera Grid Station
! is located on Bhakkar-Jhang Road.
The grid station is currently
equipped with one 10/13MVA
{ONAN/ONAF) power
Transformer. The general single
line diagram of similar grid station
is also shown in the figure 41.
FESCO is solely responsible for
maintenance, extension,
augmentation and up-gradation of
subject grid station. The 66/11kV
Mankera grid station is feeding
from one 66kV transmission line of
132kV Bhakkar grid station and
having a currently 10/13MVA
(ONAN/ONAF) power transformer.
An initial survey was carried out to
determine the space for new 11kV
incoming lines, from solar power
plant having capacity of almost
. 12.5MW AC, enough space is
®  Lvailable. The 12.5MW AC solar
power plant site is located at a
distance of approx. 4.2km away
from grid station.

BRI
KR

. OORVIBUSA, | .

Figure 41 — SLD of 86/11kV Grid
) Station.
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6.2 PV plant MV system

As per the Plant SLD, one collector group is having twenty-five string inverter of 105kVA capacity
each that are connected to one transformer station of 0.8/0.230kV, 2750kVA capacity. The output
voltage of each inverter is 0.8kV, following with 0.8/0.230kV Transformer. The total five collector

: groups formed are used to accumulate all available power from PV panels to 11kV bus bar. A
XLPE insulated 400mm? and 185mm? AL cable will be used to connect the output of 0.8/11kV
transformer to main 11kV bus bar to avoid losses. Each inverter of model SUN2000-105KTL-H1
make Huaweiis connected with approx. 297 strings, each string having 28 modules. Each module
is having a capability of peak power is 360W,. Furthermore, the 0.8/11kV, 2750kVA transformer
is connected with twenty-five string inverters. The detailed block level modeling is shown in figure
42 below. '

Figure 42 — Single Line Diagram (SLD) for 12.5MW AC Solar Power Plant

The maximum gross installed DC power is 14968.8kWp. The net power (AC) will be normally
around 12.5MW and maximum goes up to 13.125MW. As according to CPPA Renewable
guidelines if power that is to be evacuated is greater than 12.5MW AC then interconnection would
be at 132kV voltage level which nullifies the viability of subject small solar power plant. Therefore,
the net available power will be restricied to 12.5MW AC, whereas the auxiliary load will be 110kw
approx.

—

Furthermore, the PV panels are also equipped with single axis tracker having a range
of +/- 60.3° to track maximum available power from sun. the detailed Jayout plan of PV panels
with single axis tracker is shown in figure 43.
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Figure 43 — Module Array Layout Tracker

6.3 Grid connection of solar plant

During the site visit, only one suitable, economical possibility of interconnection was discussed.
From an engineering perspective, the possible interconnection is described below:

L ]

Connection of the 11kV bus of PV plant to 66/11kV Mankera grid station with 03 Nos, 11kV
transmission lines on OSPRAY conductor. .

In N-1, two (02 Nos.) conductors will serve the purpose to ensure reliability of power from
12.5 MW AC solar power plant.

With interconnection of subject power plant, the key considerations must be

That net maximum power that is injected into the national gr[dlsystem will be less than
12.5MW AC in any case.

That MVAR compensation, to meet grid code reqguirement of +0.95 P.F, SVC of 4.2MVAR
will be installed.

That the Quality of power not to be compromised means very much less THD level.
Therefore, a detailed load flow, PQ capability and dynamic study would be conducted.

That the interconnection arrangement must adhere to the local norms and standards,
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Furthermore, the stringing of 11kV transmission lines on OSPRAY conductor is not so much |
expensive. The general topology along with protection scheme, interconnection of 12.5MW AC
solar plant with existing 66/11kV Mankera grid station is hereby shown in figure 44.

Figure 44 — General Interconnection Topology of 12.5MW AC Solar Power Plant with 66/11kV
Mankera Grid Station through 03 Nos. 11kV T/L.
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6.4 Summary of Grid connection and recommendation |

Based on the discussion above, a 12.5MW AC solar power plant will be connected to 66/11kV

Mankera Grid Station through 03 Nos. 11kVY fransmission lines on OSPRAY conductor. In N-1

condition, there will be no constraints of power in the system. Hence, the above discussed option
) is feasible and recommended.

Note:

Detailed Grid Interconnection study is under approval process with FESCO and also submitted
with NTDC, attached here as annexure J.
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7. Energy Yield Assessment |

A solar cell is the smallest semiconductor element within a PV module to perform the immediate
conversion of sunlight into electrical energy by the pholovoltaic 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, such as inverters, the direct current generated by the solar modules is
converted into alternating current that can be fed into the public power supply.

The conversion into alternating current implicates losses depending onh the PV system
configuration, 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 theoretlcal |
energy outputs of the Solar farm considering module efficiency. ’

PR = energy vield / {unshaded annual irradiation on array surface * module efficiency as per STC)

PR =100 x [ fac ]

Enradiation ®Adrray X0sTC
E ac = energy coming from the inverter in kWh
E iradiation = unshaded irradiation at module level in kWh
A amay = total surface of all solar modules in m?
n st¢ = module efficiency at STC

The module efficiency, in contrast to the cell efficiency, considers the gross module surface and
can be calculated as follows:

- Produte
T ek P ——e T TTTTTTIE T,
fisTC [AModule XWUU]

7.1 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.
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7.2 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 hemisphere)
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 irradiation because the
ground reflects the light onto the modules. This reflection on different soil types is expressed by
the Albedo Factor. There are empirical values for different soil surfaces. For example, the solar
reflectance of grassland and cropland is about 20%. The effect on the energy yield is relatively
low but, even so, is considered in the yield simulations. The product of irradiated amount of energy
at module level and module efficiency (not cell efficiency, which is higher) is the basis for the
initial value for the PR calculation and is defined to be 100%.

7.3 Description of types of technical losses:
7.3.1 Technical losses because of shading

If there are objects in the immediate environment of the planned solar farm 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 generatar

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. The relatively flat terrain at and around the
L Mankera site allows for minimal consideration of horizon shading effects.

Nearby shading has a temporally and spatially impact only on several parts of the generator field.
Other paits of the plant remain unaifected. 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. The
potential shading from existing trees at the site was accounted for in the design.

Depending on the site conditions, these aspects are considered in the yield simulation.
7.3.2 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 vield 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
y conditions. The Mankera site is characterized by a relatively dusty and windy environment
- creating higher than normal soiling conditions. Thus, the shading effect from soiling would
potentially reach higher percentage amounts.

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

7.3.4 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. As per the defined STG value of 25° C, the electrical power
output decreases with higher cell temperature and increases with lower cell temperature. The
module model shows this characteristic by means of temperature coefficients for current and
voltage. The temperature ranges at the Mankera site would need to be accounted for.

7.3.5 Technical !osseé because of reflection

Inclined irradiation causes reflection of sunlight at the glass and celt surface. Although this is a
small effect, it is considered by an empirically determined factor: IAM (Incidence Angle Modifier).
By default, the factor is set to 0.05. With the latest anti-reflective coating, a more realistic factor
of 0.04 is used as current industry standards.

7.3.6 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. Further information can be found
for an example module data sheet in Annexure D.

7.3.7 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
weathering / degradation is recommended for the overall result. To varying degrees depending
on the method used and frequency, cleaning of the modules may contribute to the overall
degradation of the modules over time.

7.3.8 Technical losses because of cable losses

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

7.3.9 Technical losses because of DC/AC inversion

The conversion of direct current into grid compatible alternating current entails inevitable losses.
The conversion losses of the inverters vary according to the chosen inverter type e.g. central
inverters, sting inverters, etc.

7.3.10  Technical losses because of transformation (transformer losses)
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Transformer losses depend simultaneously on several parameters and thus, unfortunately,
cannot be simulated with precision. For this reason, depending on transformer qualily, the
performance ratio and the yields include a blanket value.

7.3.11  Technical losses because of self-consumption

Inverters (operation, fans, heating, etc.), monitoring and security systems as well as
communication systems consume power. During energy production, the necessary power is
reducing the current output of the Solar farm.

7.3.12 Technical losses because of Light-Induced Degradation (LID)

LID or also called initial degradation is a potential slight power drop during the first few days under
solar radiation that can affect some solar cells. Manufacturers of crystalline modules do not
always consider potential LID effects in the power specifications on the identification plate. If a
manufacturer fails to take initial degradation into account in their power classification this value is
used to regard this effect within the simulation.

7.4 Configuration of the PV Generator and lrradiation
Within the solar farm, the solar modules are connected to strings. Most of these strings are
collected in DC distribution boxes and generator junction boxes, where they are connected to the
inverter. The result is a cascading structure.
7.5 Solar module

® Bifacial 72 cell modules with a rated nominal power of 360 Wp are used in the design. The
maximum open circuit voltage of the modules is at 1500V. Considering the minimum

temperatures at the site, 28 modules are connected in series to form a PV string.

7.6 Inverters

The solar farm is equipped with string inverters system and each inverter with a nominal active
power of 105 kW. A Data sheet of Huawei Inverters can be seen as Annexure C,

7.7 Mounting Structure

The plant design corresponds to a single axis tracking system. The fitled axis is set at 0° whereas
the rotation of the mounting structure is limited between 0° to 60° either way east or west.

This provided for a balance between the irradiation recsived on the module plane and row
shading losses.

7.8 Technical losses considered for the energy yield simulation:

7.8.1 Technical losses because of shading
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Shadings leading to losses due to nearby shading result from the planned instailation of modules
which is by means of racks arranged in rows. Distance between the rows is kept at 8m. This will
lead to a shading angle of 8.7° in summer where the module tilt is 10°and during the winter at a
module tilt of 30° the shading angle is 23.8°. By comparison, the lowest position of the midday
sun during one year (northern hemisphere December 213 — winter solstice) is at 41.4°, Further

y  shading results from external objects; for the site trees pose external shading on the module
array. For the 3D model, all possible positions of the trees were considered. The plant was
simulated as 3D model in the simulation program (see Figure 41). Furthermore, the simulation
calculated the annual shading ratio. This intermediate result was then factored into the actual
yield simulation.

Fig 45 showing 3D Model and shading analysis carried out due to pylnons

The simulation was performed with PVSyst version 6.72, an application developed by the
University of Geneva and PVsyst SA, Switzerland. The complete output of the simulation for the
PV side can be found in Appendix E. The source data of the simulation is based on simulated
half hourly data.

7.8.2 Technical losses because of dirt

Based on the company's extensive portfolio of plants, both those that reached the preliminary
design stage and those fully constructed, ib vogt has developed a range for typical percentage
losses due to dirt for certain climates. In this case, energy vield losses because of dirt on the
modules were set at the higher end at 2.0% of the energy generation based on the scope of O&M,
considering the prolonged dry seasons and low rainfall at the site, and scheduled module cleaning
according to current operation and maintenance indusiry standards.

7.8.3 Technical losses because of fluctuations in module performance

y  Caleulation models according to industry standards were applied for the modules. The current

~ industry standard performance variation is typically at 0/+3%. To consider the gain of the positive
sorting of modules the parameter 'module quality’ was set to -0.5%. Losses due to mismatch
effects are assumed {o amount of 0.2% considering a low deviation of Vuee and luer. Accordingly
the LID losses were set at 0.8%.
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7.8.4 Technical losses because of cable losses

According to the proposed design specifications, the ohmic losses of the DC installations are set
to 1.5% under STC conditions. The cable losses on the AC side were set at 1.0% under STC
conditions. Further information on cable losses can be found in the simulation output in Appendix
E.

7.8.5 Technical losses because of DC/AC inversion

Industry standard central inverters are chosen for the design and accordingly represented in the
energy yield simulation. The operating characteristics of the inverter as for yield optimization by
efficient MPP tracking could not be displayed in the simulation. The DC/AC ratio is 1.23. This ratio
falls in line with many of the successfully operating solar farms across the globe, including solar
farms commissioned by ibvogt. Short periods with overload are possible. :

7.8.6 Technical losses because of transformation (transformer losses)

Losses of external transformers were set at with 0.1% for iron losses and 1.0% for
resistive/inductive losses according to the widely-used industry standard equipment.

7.9 lrradiation conditions

For the simulation irradiation data from the provider SolarGIS for the years 1999 — 2018 at a
resolution of 30 minutes was used. SolarGIS provides irradiation data based on calculations from
satellite images. The spatial resolution is 1.5 arc-minutes (about 3 km right below the satellite at
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Fig 46 showing GHI values for Mankera solar farm site
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Fig 47 showing diffused horizontal irradiation values for Mankera solar farm site
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Fig 48 showing average diurnal air temperature at 2m

7.40 Energy Yield Prediction Results

The energy yield assessment was carried out using standard market software acceptable for 3
party assessment. For yield assessment ibvogt engineers evaluate all possible solutions for
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system design using fixed tilt, seasonal tilt and single axis frackers. After first Panel of Experts
meeting on 8" of February 2019, a revised yield assessment was carried out while using bifacial
solar panels with single axis tracker and string inverter. The results of yield assessment ware
compared and analyzed with the yield results previously submitted to PPDE before first POE
meeting.

All the specific yields were put into financial model to evaluate project feasibility and most feasible
solution was than finalized for Mankera solar farm project.

7.10.1  Fix Tilt System

As mentioned above, the energy yield calculation was _performed using the software PVSyst6.72.

To simulate the daily irradiation at Mankera site, the percentage of diffuse radiation must be
identified as per the Liu-Jordan correlations model. Then, the percentages of direct and diffuse
radiation are applied to the inclination and adjustment of the solar generator as per the calculation
model of Perez.

The hourly / daily variation in irradiance is based on a statistical method using daily values. This
method traces back to the data evaluation of numerous weather stations worldwide. These results
in a surface-factor applied for the variation in irradiance (irradiation on the horizontal or on the
inclined module surface).

[Eferdy 223ABMWRIVEr BAECS

RATGPR 8542 % =

Figure 49 showing yield assessment of solar farm site for fixed tilt system with monocrystalline
modules and central inverters
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Table 9 showing balances and main results of yield assessment for fixed tilt system, with
monocrystalline modules and central inverters

Annual Specific Yield for fixed tilt: 1679 kWh/KWp

Performance Ratio: 85.42%
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Figure 50 showing grid connected system loss diagram with monocrystalline modules and
central inverters
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7.10.2 Seasonal Tilt

To assess the suitable technical design for the site, additional seasonal tilt design was also
) prepared by ib vogt design team for comparison with Fixed Tilt and Single Axis tracker yields.

Figure 51 showing seasonal tilt, yield assessment for solar farm using manual seasonal ilt
mounting structure, with monocrystalline modules and central inverters
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Perform ance FEho:

Table 10 showing balances and main results of yield assessment using manual seasonal filt
system, with monocrystalline modules and central inverters

Annual Specific Yield for manual seasonal tilt: 1750 kWh/kWp

Performance Ratio: 85.08%
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) Figure 52 showing grid connected system loss diagram for Seasonal Tilt, using monocrystalline
modules and central inverters
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7.10.3 Single Axis trackers

Single axis tracker design was carried out to compare the yield output with Fixed tilt and Seasonal
o il :

Figure 53 showing, yield assessment for solar farm using single axis trackers, with
monocrystalline modules and central inverters

-
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Table 11 showing balances and main results of yield assessment using single axis trackers with
monoctystailine solar panels and central inverter as a design solution

Annual Specific Yield for Single Axis trackers: 1846 kWh/kWp

Performance Ratio: 84.71%
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Figure 54 showing grid connected system loss diagram for single axis trackers, using
monocrystalline modules and central inverters
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7.10.4 Single Axis trackers using bifacial solar panels

Subsequently to first Panel of Experts (POE) meeting for the Mankera Solar Project. A revised yield
assessment was carried on the basis of two major inputs from experts:

1. Project Size / DC Capacity
2. Usage of SMAP data of the site

The project size of the site was changed from 15MW DC to 18.3 MW DC. Similarly reducing site AC
Capacity from 15MW AC — 12.5 MW AC.

The ESMAP solar irradiation data for the site is not available. The nearest station data available to
the site is of Multan weather station which is almost 170 Km away from the site. Also the data
available for the site is only for the two years which is not sufficient to base your P50 resulis on. As
the minimum years of weather data on which P50 values should be based on, is 15-20 years to
understand the variability on an annual scale. On basis of our 18 years engineering experience
sometime we have seen a deviation of about 15 to 20 % between the best and the worst years within
a 20-year period data.

And such deviation cannot be analyzed in one or two-year data. As the project life is for 25 years
and basing our vield forecast on one-year data from a meteo station located almost 150 km away
from the site is not possible and will not be acceptable to the banks. '

Hence to improve the results ibvogt engineers moved towards revised design by using bifacial solar
panels along with single axis trackers and string inverters.

|pysveryezs|
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Figure 55 showing, yield assessment for solar farm using single axis trackers, bifacial solar panels
and string inverter
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Table 12 showing balances and main results of yield assessment using single axis trackers with
monocrystalline bifacial solar panels and string inverters

Annual Specific Yield for Single Axis trackers: 2026 kWh/kWp

Performance Ratio: 91%
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Figure 56 showing grid connected system loss diagram for single axis trackers, bifacial panels
} and string inverters
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Summary:

The solar resource assessment for fixed tilt system, seasonal tilt, single axis tracker using
monocrystalline panels & central inverters design was compared with bifacial solar panel, single
axis trackers and use of string inverter for Mankera site to show which solution has better yield
output.

Annual vield for fixed tilt system using mono crystalline modules & central inverters= 1679 KWhr/
KWp

Annual yield for seasonal tilt system mono crystalline modules & central inverters = 1750 KWhr/
KWp '

Annual yield for S-axis frackers mono crystalline modules & central inverters = 1846 KWhr/KWp

Annual yield for S-axis trackers with bifacial solar panels (mono) & central inverters = 2026 KWhr/
KWp :

From energy production point of view clearly single axis using bifacial solar panels with string
inverters solution is more viable option, but it will also have a cost impact on the project. As mounting
structure cost for single axis trackers is higher as compared to fixed fiit and manual seasonal tilt
system. Also it will increase the operation and maintenance cost of the project per megawatt as.
bifacial solar panels will need more cleaning and although the string inverters are smaller in size but
due to increase in number. The Q&M cost will increase as well. ' :

Single axis trackers with bifacial solar panels and string inverter solution can only become viable if
the excess energy produced overcomes the increase project cost and gives better project IRR when
compared with fixed tilt, seasonal Tilt, single Axis tracker using mono crystalline and Central
inverters. '

A detailed financial modeling needed to be carried out to support the befter technical solution of
single axis trackers using bifacial solar panels and string inverters.
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8. Economic Analysis

8.1  The economic analysis of a project represents one of the main steps in the assessment of the
project’s feasibility. Based on the technical aspects of the solar farm design as well as the
findings of earlier analysis, ib vogt has developed an in depth economic analysis for a Solar

) PV power plant to be set up at Mankera, Punjab in Pakistan.

In addition to a project's viability analysis, different design options have been compared from
a financial aspect, therefore optimizing the design and adding value to a potential project.
During ib vogt's earlier high level analysis of the potential Mankera project a comparison of
technologies and varying system sizes had been conducted. As a solid result of the analysis,
a single-axis trackers technology has been identified as optimal techiology. Besides a higher
financial profitability, the single-axis trackers system also has various advantages over a
seasonal tilt system during both construction and operation & maintenance phase of the
project. To further reduce the risk associated with possible volatilities of different assumptions,
such as the yield value, inflation, various associated costs and interest rate of debt financing;
several sensitivity analyses have also been conducted.

8.2 Financial Model Assumptions

The analysis is carried out using a designated, industry standard financial model, which was
designed to suit the project needs.

The figures used and the assumptions made in the economic analysis are based on ib vogt's
expetience with solar projects around the world, and most importantly the guidelines provided
by NEPRA in order to determine the tariff. Moreover, the SBP’s revised financing scheme for

8 renewable energy projects has been thoroughly considered in regards to the debt financing
terms. However, this preliminary economic agsessment is provided to demonstrate the likely
feasibility of the project, and the final financial parameters would emerge upon reaching the
advanced stage of the project.

The installed capacity of this project is 15 MWp. Within the first year of operating period, the
annual power production will be approx. 30,380 MWh. In the subsequent years of operation,
the power production should reduce with the degradation factor of 0.5% pa (standard
assumption). The construction period is considered six months that is regarded as an ideal
assumption for solar PV projects ranging from 10 MWp to 20 MWp.
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8.2.1 Inputs

1.

Inputs to the financial model are listed as follows.
Total Project Costs
EPC Cost:

Since the size of this project does not leverage the advantages associated to the economies
of scale, for a 2019 built project modules’ costs can be expected to be in the range of USD
0.30 per MW — USD 0.35 per MW, Nevertheless, the dramatic fall of EPC costs over the last
few years allows a realistic assumption of EPC costs (including grid costs, inverter costs and
balance of system (BOS) costs, contingency, etc.) to be at USD 0.858 per MW, when utilizing
single-axis trackers technology and Tier-1 monocrystalline bifacial solar.panels. Furthermore,
the EPC price allows the choice of equipment and suppliers with recogmzed quality,
performance and bankability.

It has been noted that the Authority approved degradation factor of 0.5% in the latest cost-
plus tariffs of solar technology, and hence, the aforementioned EPC costs of USD 0.858 per
MW need to be adjusted for a degradation factor of 3.62% (levelized rate), either by increasing
the EPC costs upfront or by making it a part of the approved total project cost based on the
levelized rate of the EPC costs thereby adjusting the tariff. It is kindly requested that the
authority shall consider this as a very important exercise. The table below details the
components for EPC:

Table 13 showing EPC cost

Under the claimed EPC cost ibvogt GmbH shall install the equipmeni of the following brands,
however these are subject to change following the completion of project design:

Equipment

' Smg!e-amsT cker' '

Medlum voltage s
and132KV b tatlon

8 Civil works _ib\i_g_ Iocai entlty or No I|m1t logal civil contractor
97T [iProject Management: 2 1bvoghGmbh sl '
10 | Construction Supervision lbvogt Gmbh |

Table 14 showing equipment that will be used on the site and available brands
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2. Land Cost:

The land for the project has already been determined at the rate of 12,666 per MW amounting
N the land acquisition cost of approx. USD 189,990 for a total land area of 62.4 acres.

3. Non-EPC and Project Development Cost:
Such costs intend to include all expenses related to development, licenses, permits, legal &
tax advisor fees, due diligence costs and other establishment costs. Based on ib vogt's
experience with solar projects around the world, the Non-EPC and Project Development Cost
are assumed at USD 35,000 per MW (~USD 0.53 miflion). :

4. Insurance During Construction: o : ﬁ

As per the recently notified NEPRA Guidelines June 2018, the insurance cost during
construction has been assumed as 0.4% of the proposed EPC Cost. Therefore, the total H
insurance cost for the construction period of 6 months is calculated as USD 0.05 million.

5. Financing Fees & Charges:

The NEPRA’s Tariff Guidelines June 2018 (SRO 763), the Authority has suggested a financing

fee to be 2.0% of debt amount. Keeping in view, the project assumes a financing fee of 2% of N
debt amount, the amount under this head amounts to USD 0.23 million. Itis kindly requested

that the authority shall assess the financing fee benchmark again based on actual costs.

p—
&

Interest During Construction:

The The interest during construction (IDC) is calculated as ~USD 0.25 million. This interest is
determined on 6 month LIBOR 2.86% + *Spread 4.25%. The financing parameters are
discussed in the subsequent section.

As the above project costs under various heads is given hereunder:

Project Cost (USD Million)

SRR A 2

Land Cost
e e Qe

it

wihnt‘ér;ét' l.".;l;i"irig Construction 0.25

Table 15 showing project cost breakdown
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The table below details the components for Non-EPC: |

Non-EPC
:Project: Development Cost

) Financial Charges - 7 o 023 -
Total'Non:EPC Cost: . S

Table 16 showing non EPC cost breakdown
li. Capacity Utilization Factor

A capacity ufilization factor of 23.12% is targeted to be achieved by installing the latest
equipment including the sun tracking system. The capacity utilization factor is 6.12% |
higher than the NEPRA benchmark of 17% for the Northern region; this signifies the cutting |
edge solar technology being used in the local context.

The table below details the Capacity:

2 12%

- Table 17 showing project size and capacity factor

lll. Degradation Factor

The degradation factor of 0.50% has been incorporated in the workings and has been
done so in light of NEPRA’s approvals of past projects, and this level being allowed in
different parts of the world.

Annual Generation
35,000
30,000
25,000
20,000
15,300
10,000
5,000

Figure 57, the annual generation shows a downward trend due to 0.5% degradation per annum.
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IV. Total Operating Costs
1. Qperation & Maintenance (QO&M) Costs:

The O&M costs here include various annual costs related to operation & maintenance,
inverter/spare part reserve, asset management, accounting & legal, utilities, security, facility
fee and other operating expenses. These costs commonly are one of the strongest drivers of
project's annual operating expenditures and are strongly linked to country specific factors.
The calculated tariff is based on annual O&M costs of USD 0.02 million/MW.

O&MForeignd
O&M L_o_f;al

Table 18 showing foreign and local O&M component
2. Insurance During Qperation:

As per the recently notified NEPRA (Benchmarks for Tariff Determination) Guidelines June
2018, the insurance cost during operation has been assumed as 0.4% of the proposed EPC
Cost. Therefore, the annual insurance cost during operation is calculated as USD 0.05 million.

a V. Financing Parameters

The assumed financing terms for modelling and analysis purpose are primarily based on the
NEPRA (Benchmarks for Tariff Determination) Guidelines, SBP’s revised financing scheme
for renewable energy projects, and upon conducting initial market study.

A debt to equity ratio of 80% is assumed in the financial model. The interest rate for the debt
financing is set based on LIBOR plus 4.25% per year. The loan tenor is calculated as of 12
years. Moreover, the debt is assumed 100% foreign. The premium of 4.25% has been based
on NEPRA's Tariff Guidelines June 2018 (SRO 763).

Furthermore, as an industry standard and additional security for the lender, the required Debt
Service Reserve Account (DSRA) equivalent to 6 months’ debt installment will be funded from
the operating cash flow of the initial years.

Vi, Revenues

Based on the Capacity Utilization Factor of 23.12% for this project and the industry standard
assumption on an availability factor of 98% for single-axis trackers design, the first year power

} production would be approx. 30,380 MWh. However, this scenario assumes the NEPRA tariff
will be adjusted for the loss in production due to degradation. Consequently, the degradation
is set to 0.5% to compute revenues for the plant’s operating life of 25 years. The amount of
USD 0.47 million has been made part of the approved project cost based on the levelized rate
of 3.62% of the allowed EPC cost.
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Vil.

Vi,

The tariff for this project has been calculated based on NEPRA tariff methodology while
assuming the return on equity at 16% and determined total project costs (including the
adjusted for degradation). The revenues are based on the tariff of US Cents 7.273 per Kwh
during the debt-servicing period and US Cents 2.465 per Kwh thereafter, for electricity injected
into the grid. This leads to a levelised tariff of US Cents 6.07 per Kwh. For details relating to
the tariff calculation, please refer to the respective excel workbook. The authority shall kindly
note that the project is located in the Northern Pakistan where solar irradiance levels are
lower, thus a higher tariff shall be applied for the same.

All Cash Flows are calculated on a yearly basis and the project lifetime is fixed at 25 years.
Furthermore, a corporate tax rate of 0% is assumed since profits derived from renewable
electric power generation are exempt from tax in Pakistan.

Energy Payments
2,500 Tariff Components = O8M, Insurance, ROE & Debt

2.000
1.500
Tariff Components = O&M, Insurance & ROE
1.000
. : ; l IJ I I u
_ 0.000 — e .= I I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25

Figure 58 shows, for the stipulated period of year 1-12 the tariff component will be relatively
higher as it contains the Debt component, however after the debt servicing period the Tariff
component will fall as the Debt service period shall end.

Return of Equity
The return on equity at 16% on IRR basis has been assumed for Tariff calculation.
Construction Period | |
The construction period has been set at 8 months. Similar sized projects also opted for upfront
tariff with a construction period of 6 months. This duration has been set in light of previous

approvals by NEPRA.

The following details the generation tariff alongside the terms of ibvogt Gmbh

Tariff Components (USc per Kwh) Yeam 1

LEEREY

‘Maintainenece Cost:
Insurance During Operation | 0.2195 0.2195
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Return 60 Equity | | 0o
Debt Serv_ig:ing

Table 19 showing tariff components

Levelized tariff works out to be US Cents 6.16 per Kwh

The aforementioned tariff is applicable for twenty-five (25) years

Debt service shall be paid in the first 14 years of commercial operation of the plant

Debt Servicing has been worked out using six months LIBOR (2.86%) + Spread (4.5%).
Debt to Equity of 80;20 has been used ‘

Return on Equity during construction and operation of 16% has been used.

Construction period of six (6) months has been allowed for the workings of ROEDC and IDC
Insurance during Operation has been calculated as 0.50% of the allowed EPC Cost.
Reference Exchange Rates of 120 PKR/USD has been used.

Detailed component wise tariff Schedule is attached as Annex-| of this Economic Analysis.

8.3 Results

The economic feasibility of the project has been carried out evaluating the following Key
Performance Indicators (KPls):

+ Leveraged Equity IRR based upon the cash flows to equity
« Net Present Value (NPV) of future cash flows (CF) at a target IRR of 16%
¢ Capital Requirement:
o Total Project Costs
o Initial Equity Investment required
o Debt from Banks
¢ Minimum DSCR and Average DSCR

e NPV of Equity Investment

8.3.1 Summary of Profitability Analysis

The table below summarizes the assumptions of the various costs determined for this project,
and the aforementioned KPls obtained as a result of financial modelling & project valuation in
regards to profitability.

When analyzing the cash flows to equity on a yearly basis as graphed in the figure below, the
cash flows are levelised with the first 12 years representing the years in which the higher tariff
is received and the debt service payments are applicable. Furthermore, it can be observed
that the real cash flows to equity are considerably higher during the first 12 years of operation
(debt service period) than those in later years. It is due to the decreasing energy production
over the years (0.5% degradation) and the lower tariffs post-debt servicing.
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Summary:

Project Company - K1 Solar Power Lahore PytLtd -+~ =
];Sponso

Capac|ty S e T : ";i5:|'\'/'§\/\{p

Table 20 showing financial parameters considered for the project and viable tariff
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Tariff Sheet;
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Annexure Q — Schedule Part 1

The Project Site

The project is located in Mankera District Bakhar, Punjab. The geographical coordinates of our
project are as follows:

S.No. Entry Details
1 Site Name Mankera Solar Farm
2 Site Coordinates PI= 31°24'3.62"N,

71°28'42.77"E
P2=31°24'15.96"N,
71°28'42.54"E
P3=31°24'16.54"N,

71°29'8.41"E
P4=31°24'4,38"N,
71°29'7.94'"E
3 Altitude 164 m (Highest recorded value)
162 m (Lowest recorded value)
4 Proposed AC and DC 125 MW AC~ 15 MW DC
capacity

5 Global irradiation levels 1784 KWh / m? (Solar GIS)
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Fig 1 showing location of the Mankera Solar farm site

Selection of Technology

The project will use bifacial monoerystalline 360W solar panels with single axis trackers and
string inverters SUN2000-105K TL. The site will be connected through a 11kV connection with

66/11kV Mankera Grid,
1. PV Modules
Longi Solar LR6-72BP 360Wp Bifacial monocrystalline modules,
Specification Data
Cell-type PERC monocrystalline, 6 inch cells
Bifaciality >75%
Cell Orientation 72 (6x12)
Dimensions 1977x996x40mm
Weight 26.5 kg
Junction box IP67, 3 diodes
Output Cable 4mm?, 300mm in length
Packaging _ 26pcs per pallet

2. Single Axis Tracker

Arctech Solar Skysmart tracker specifications

Tracking type Independent Horizontal Single Axis Tracker
Tracking Range Up to 1207 (+ 60%)
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Driving System

One Slewing Gear, 24VDC Motor

Modules per Tracker

Up to 90 modules per tracker

System Voltage

1000 Volt or 1500 Volt

Ground Coverage Ratio

1000 Volt or 1500 Volt

Foundation options

Ramming / Pre-drilling/Concrete
Piles/Screw Pile

Terrain Adaption Up to 20% N-S Slope

Structure Material Hot Dipped Galvamzed/Pre—Galvamzed
Steel

Power Supply Self-powered PV series

Daily Energy Consumption Typical 0.08KWh

Standard Wind Design 105mph(47m/s) per ASCE7-10, higher wind
load available

Wind Protection Stow when wind speed > lSm/s

Module Supported Most commercially available

Operation Temperature

-30%to 60°C

Electronic Controller Specifications

Control System

1 Controller per 3 trackers

Control Algorithm Astronomical Algorithms + Tilt Sensor
Close Loop
Tracking Accuracy < +2¢
Backtracking Yes
Communication RS 485 cable/LoRa wireless
Night Position Yes
3. Inverters
Model No., SUN2000-105KTL-H1
Input Data(DC)
Max. DC Voltage 1500V
Rated DC Voltage 1080V
Min. DC Voltage to Start Feed In 650 V
Max. DC Current 150 A
MPP(T) Voltage Range 600~1500 V
No of MPP Trackers 6
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DC Inputs 12

Output Data (AC)

Max. AC Power 116 kW
Rated AC Voltage 800V

Max. AC Current 846 A
Rated AC Current 758 A
Frequency 50, 60 Hz
Power Factor (cosd) 0.8
Distortion (THD) <3%

No of feed-in phases 3

Max. Efficiency 99%

Euro Efficiency 98.80%
General Data

Dimensions (H/W/D) 1075x605x3 10 mm
Weight 79 kg
Operating Temperature -25 ~+60 °C
Transformer Transformerless
Protection Class P65
Humidity 0-100 %
Cooling Natural
Max. Altitude 4000 m
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Interface RS 485, USB, Bluetooth
Display LED
Protection Features
Anti Island Protection(ENS), Overcurrent
Protection Features Protection, Residual Current Device (RCD),
Reverse Polarity Protection, Surge Protection
4, Step-up transformers
Five step up transformer of 2750KVA, 0.8/11kV will be used to connect [2.5MW AC
to National Grid.
5. SCADA

Monitoring and control of the photovoltaic system is to be supplied by Gantner
Instruments. Meteorological data as well as key electrical measurements will be logged
and processed to trouble shoot system faults and to evaluate the photovoliaic systems
performance.

Additional Plant Technical Details

Plant Configuration:

[

2.

3

4,

3.

Installed Capacity: [5 MWp

Capacity at Operating Conditions: 13.602 MWp (at 50°C)
Auxiliary Consumption approx.; 120 KvA

Output Capacity: 12.5 MW (AC)

Life of facility 25 years

The Project will be set up using [polycrystalline] PV modules, which will be installed in arrays, and
their DC output will be converted in to AC through inverters. Thereafter, a group of arrays/inverters
will be routed to step-up transformer(s)/switchgear(s) for connecting to the system as per the
interconnection scheme.
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PLANT CONFIGURATION

ANNEXURE Q —PARTII

The Total Installed Gross ISO Capacity of the Generation Facility / Solar Plant 15 MWp,
Total Annual Full Load (Hours), Average Sun Availability, Total Gross Generation of the
Generation Facility/Solar Farm (in kWh), Annual Energy Generation 30,386 equivalent
Net AEP) kWh and Net Capacity Factor of the Generation Facility /Solar farm of
Applicant is given in this Annexure Q — Part I1.
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Site Overall
L. Total PV Installed Capacity of Generation Facility 15 MWp |
9. Average sun hoqr av.aﬂablllty /day (Irradiation on 10 Hrs
inclined surface)
3. Days per year 365
|
PV Plant generating capacity annually '
4 (As Per Simulation) 30386 MWh
|
!
5. Expected total generation in [25] years life span 759,650 MWh -
e
6 Generation per year from plant keeping 24 hrs 15x24x365=131400 —E
' working MWh °
Net Capacity Factor 0
7. (4/6) 23.12%
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EXECUTIVE SUMMARY

This Grd Interconnection Assessment (GIA) report provides the documentation of an
assessment that has been performed for the connection of a 15MWp (DC) = 12.5MW (AC) Solat
PV Power Generation project by Ib Vogt to the Faisalabad Electric Supply Company (FESCO)
transmission system at 11kV. The "12.5MW (AC) Solar PV Power Generation project’ located in
Tehsil Mankera, District Bhakkar, Faisalabad, Punjab, Pakistan and has a commercial operation
date of December 2019. The project will be connected to 66/11kV Manketa substation by lying

three citcuits of Osptey conductor at 11kV of 4.5km length.

IB VOGT SOLAR PARK (MW) SUMMARY

GROSS POWER (MW) AUXILARY LOAD (kW) NET POWER (MW)

12.5 100 12.4

Steady state power flow assessment has been petformed using the already avatlable network data
of FESCO. Pre-project powet flow study was conducted to analyze the magnitude and phase
angles of bus voltages, line loadings and power flows under steady-state conditions. Post project
power flow analysis has also been petformed after the interconnection of the proposed project
with the FESCO transmission system. The power flow results for the system intact and for the
contingency conditions shows that the power flows on all the transmission line branches are
within their normal thermal loading limit. Thete is no capacity constraint in terms of power flow

or voltage ratings within the study area.

Dynanic stability analysis has been performed to access the dynamic impact of the Solar power
plant on national grid system due to disturbances at the power plant and vice versa. The results of
dynamic stability analysis indicate that the power system is stable for the interconnection proposal

and it also fulfils all the criteria for generation connection with the power systern.

Short circuit analysis has been petformed to evaluate the contribution of the proposed project in
fault current levels of substations in its electrical locality. Fault currents have been computed
based on sitmulation of three-phase and single-line-to-ground faults by applying the criteria as
mentioned in the IEC-60909 standard. Result of the analysis shows that the calculated fault
currents are below the circuit-breaker interrupt ratings of existing grid stations located in locality

of the project.
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Based on the study results, it is concluded that proposed generation interconnection assessiment

for 12.5MW Solar PV Power Generation project meets the NEPRA grid code planning criteria.
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1 INTRODUCTION

1.1 Project Description

This Grid Interconnection Assessment (GIA) report provides the documentation of an
assessment that has been petformed by ARCO Energy Consultants in response to a request made
by Ib Vogt “Project Owner” or “PO”) for the connection of a 12.5MW (AC) = 15MWp (DC)
Solar PV Power Generation project (“Project”) to the Faisalabad Electric Supply Company
(FESCO) transmission System at 11kV. The PO has proposed a commercial operation date of

December, 2019 for the Project.

The project is located in Tehsil Mankera, District Bhakkar, Punjab. Figure 1.1 shows Google site
map of the project. The pre-project and post-project geographical representation of power plant

is shown mn Figure 1.2 and Figure 1.3.
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Figure 1.1: Google Site Map of the Solar PV Power Generation Project.
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Figure 1.2: Existing Network around 1B VOGT Solat Plant
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Figure 1.3: Interconnection Proposal of IB VOGT Solat Plant
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1.2 Grid Interconnection Arrangement

The project will be connected to 66/11kV Mankera substation by lying three circuits at 11kV of
length 4.5km on Osprey conductor. The objective of the GIA is to evaluate the impact of the

proposed solar power plant on the FESCO transmission system.

1.3 Study Components
GIA includes the following four types of analyses to evaluate the impact of interconnecting the

proposed project:

i) Steady State Analysis.

i) Dynamic Stability Analysts.
1if) Short Circuit Analysis.

iv) Power Quality Analysis

This report documents the results of the steady state, dynamic stability, short circuit and power
quality analysis. The steady state analysis includes pre-project and post project power flow
assessment. Dynamic stability analysis includes the post project dynamic stability assessment
during occutrence of any fault. Short circuit analysis includes pre-project and post project short

circuit current levels assessment at different buses in the vicinity of the project.
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2 STUDY METHODOLOGY

2.1 Study Criteria

GIA has been catried out based on the National Electric Power Regulatory Authority (NEPRA)

Grid Code planning criteria. Key parameters and their corresponding limits have been

summarized in table below.

Parameter

Range

Normal Condition

15 % p.u at load grids 132kV and below
+8%0,-5% p.u at generation switchyards,

I ) .
Voltage 220kV Grid Stations and above
Contingency 110 % p.u
N 1 Conditi 1009
Thermal loading oftna - ondifion /f)
Contingency 100%
Nominal 50 Hz
Frequency Steady State Vartation 49.8 Hz - 50.2 Hz
Contingency Band 49.4 Hz - 50.5 Hz
Lagoi 0.95
Power Factor aggfng
Leading 0.95

2.2 Steady State Analysis

The putpose of steady-state analysis is to analyse the impact of the proposed solar power plant on
transmission system facilities under steady-state conditions. It involves two distinct analyses:

thermal loading analysis and voltage analysis. Power flow solutions using the PSS/E® program

(Version 33.4) has been performed.

A “study area” was defined to represent the areas of interest which includes the following ateas

within FESCO:

BHAKKAR
T-DARYA KHAN
PIPLAN

RAKH DAGRAN
MANKERA
HYD. TTIAL

c 0O 0O O 0o ©o
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2.2.1 Notmal Condition Analysis

The incremental impact of the project on line loading of transinission facilities under notinal
condition was evaluated by comparing transmission system power flows without and with the
proposed project. Loadings of the transmission facilities without and with the project were
tabulated and compared. The criteria to flag transmission line overloads are 100% of continuous

facility rating (Rate A in the power flow model).

2.2.2 Contingency Analysis

The contingency analysis for this study consists of single branch (N-1) outage in the study area.

2.2.3 Transmission Line Loading Analysis

66kV rated transmission facilities in the study area have been monitored for thermal loadings.

2.24 Voltage Analysis
Voltages at buses inside the study area have been monitored for possible pre and post project

voltage violations in accordance with NEPRA Grid Code guidelines.

2.3 Dynamic Stability Analysis

The putpose of dynamic stability analysis is to analyse the impact of the proposed solar powet
plant on transmission system facilities under transient conditions. The system is considered to be
stable if the system recovers with good damping after the transients die out and the synchronism

is retained.

Fault clearing time for different voltage levels in accordance with NEPRA Grid Code guidelines

is presented in table below.

Voltage Level Fault Type Fault Cleating Time
HkV 3-Phase 9 Cycles (180 msec)

2.4 Short Circuit Analysis

‘The purpose of short-circuit analysis is to investigate the fault current levels at nearby substations
without and with the proposed project online. And to propose and check whether there is the
need of installing or upgrading Circuit Breaker and to check that the calculated pre-project and
post-project fault currents are within the already installed circuit breaker interrupt ratings. Short
citcuit analysis has been carried out by applying the criteria as mentioned in the IEC-60909

standard.
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Key assumptions in IEC-60909 are given below.

Tap ratios to unity
Line charging to zeto

Shunts are set to zero in positive sequence

Desired voltage magnitude at bus bars is set to 1.Ip.u in maximum and 1.0p.u in

0 O O O

minimum fault levels.
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3 STEADY STATE ANALYSIS

3.1 Model Development

Project specific data was provided by the plant owner and it has been compiled and presented in

Annexure-A. The steady state model of the power plant is presented in table below:

Generator
No. of Collector Units 5
Generation size of each collector (MVA) 2.625
Active Power of each collector Pgen. (MW) 25

Power Factor

0.95 lagging, 0.95 leading

Qmin, Qmax (MVAR)

-0.8217,0.8217

Rated Frequency 50 Hz
Generation Voltage 0.8kV
Xsource o)

Genetation Step Up (GSU) Transformer

No. of Transformer units 5
MVA Capacity of each GSU 275
Rating 0.8/11kV
% Reactance (X) 7%
(X+ve) = (Xzero)
254 p.u
At 100MVA system base.
Auxiliaty Transformer
No. of Transforiner units 1
kVA Capacity of each GSU 100
Rating 0.4/11kV
%o Reactance (X) 0.4 %
(X+ve) = (Xzero)
4pu
At 100MVA system base.
Static VAR Compensator (SVC)
No. of units 1
MVAR 42,42

Steady state power flow assessment has been petformed using the already available network data

of FESCO.

3.2 Pre Project-Power Flow Assessment

A pre-project power flow study was conducted to analyze the magnitude and phase angles of bus

voltages, line loadings and power flows under steady-state conditions.

The results of the pre-project power flow analysis are in Annexure-C.

9
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3.21 Base Year 2020: Peak Loading Summer
Power flow analysis has been petformed on the peak loading summer (September) case of
FESCO network. This base case included a detailed representation of the FESCO transmission

system in the study area.

The power flow results for the normal condittons show that the power flows on all the
transmission line branches are within theit loading lunits. There is no capacity constraint in terms
of power flow or voltage ratings within the study area. The results of the pre-project power flow

analysis are plotted in Annexute-C.

3.3 Post Project Power Flow Assessment

Post project power flow study was conducted to determine the reliability impact of the proposed
12.5MW (AC) Ib Vogt Solar project on the FESCO transmission system. This includes the
performance of a contingency analysis to identify any facility overload or voltage condition that
violates the NEPRA planning criteria. Any such violation that is either directly attributable to this

project or for which it will have a shared responsibility is included in this report.
The results of the post project power flow analysis are plotted in Annexute-D.

3.3.1 Base Year 2020: Peak Loading Summer
A base case has been developed for peak loading summer (September) 2020 that allow us to

judge the maximum impact of Ib Vogt Solar project on the FESCO network.

Post-project power flow analysis has been performed after the interconnection of the proposed
project with the FESCO transmission system. This includes the detailed representation of the
power plant. A simulation of all possible worst contingencies within the NEPRA Grid Code

planning criteria has also been cattied out.

The steady state results for the normal and contingency conditions depicts that the power flows
on all the transmission line branches are within their loading limits. There is no capacity
constraint in terms of load flow or voltage ratings around the study area.

Results from the power flow analysis ate presented in table below.

Condition Contingent Branch Figute No. | Steady State Result
Normal -N.A- Figute D-1 No ovetloading
Contingency | IB VOGT to MANKERA LV line out | Figure D-1.1 No ovetloading
Contingency | RAKH DAGRAN to FAZAL line out | Figure D-1.2 No overloading
Contingency | T-DARYA KHAN to PIPLAN line out | Figure D-1.3 No overloading
Contingency FAZAL to PIPLAN line out Figure D-1.4 No ovetloading
Contingency PIPLAN to CHASHM-L line out Figure D-1.5 No overloading

10
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3.3.2 Base Year 2020: Peak Loading Winter

A base case has been developed for peak loading winter (January) 2020 that allow us to judge the

maxitum impact of Ib Vogt Solar project on the FESCO network.

Post-project power flow analysis has been petformed after the interconnection of the proposed
project with the FESCO transmission system. This includes the detailed representation of the
power plant. A simulation of all possible worst contingencies within the NEPRA Grid Code

planning criteria has also been carried out.

The steady state results for the system intact and contingency conditions depicts that the power
flows on all the transmission line branches are within their loading limits. There is no capacity
constraint in terms of load flow or voltage ratings around the study area.

Results from the power flow analysis are presented in table below.

Condition Contingent Branch Figure No. Steady State Result
Normal -NL.A- Figure D-2 No overloading
Contingency | IB VOGT to MANKERA LV line out Figure D-2.1 No overloading
Contingency [ RAKH DAGRAN to FAZAL line out | Figure D-2.2 No overloading
Contingency | T-DARYA KHAN to PIPLAN line out | Figure D-2.3 No overloading
Contingency FAZAL to PIPLAN line out Iigure D-2.4 No overloading
Contingency PIPLAN to CHASHM-L line out Figure D-2.5 No overloading

3.3.3 Base Year 2020: Off Peak Loading Summer

A base case has been developed for off peak loading summer (September) 2020 that allow us to

judge the impact of 1b Vogt Solar project on the FESCO network.

Post-project power flow analysis has been performed after the interconnection of the proposed
project with the FESCO transmission system. This includes the detailed representation of the
power plant. A simulation of all possible wotst contingencies within the NEPRA Grid Code

planning criteria has also been carried out.

The steady state results for the system intact and contingency conditions depicts that the power
flows on all the transmission line branches are within their loading limits. There is no capacity

constraint in terms of load flow or voltage tatings around the study area.

11
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Results from the power flow analysis are presented in table below.

Condition Contingent Branch Figute No. | Steady State Result
Normal -N.A- Figure D-3 No ovetloading
Contingency | 1B VOGT to MANKERA LV line out | Figure D-3.1 No overloading
Contingency | RAKIH DAGRAN to FAZAL line out | Figure D-3.2 No ovetloading
Contingency | T-DARYA KHAN to PIPLAN line out | Figure D-3.3 No ovetloading
Contingency FAZAL to PIPLAN line out Figure D-3.4 No ovetloading
Contingency PIPLAN to CHASHM-L line out Figure D-3.5 No ovetloading

3.4 Conclusion

Steady state power flow assessment has been performed using the already available network data
of FESCO. Pre-project power flow study was conducted to analyze the magnitude and phase
angles of bus voltages, line loadings, and power flows under steady-state conditions. Post project
power flow analysis has also been performed after the interconnection of the proposed project
with the FESCO transmission system. The power flow results for the nonmal and for the
contingency conditions showed that the power flows on all the transmission line branches are
within their loading limit. There is no capacity constraint in terms of power flow or voltage

ratings within the study atea.

The steady state results found no capacity constraint in terms of power flow and voltage ranges.
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4 DYNAMIC STABILITY ANALYSIS

Dynanic stability analysis has been performed to access the dynamic impact of the solar power

plant on national gtid systemn due to disturbances at the power plant and vice versa.
4.1 Dynamic Model Development

Dynamic models, available in the PSSE model libraty and data provided by PO, for the solar
power plant have been used to develop the dynamic model of the power plant. Dynamic model

of the power plant is presented in table below:

Component Model
Generator PVGUI
Electrical PVEUI1

Mechanical PANELUI
Pitch IRRADUI
SvC CSVGNI1

4.2 Post-Project Dynamic Stability Assessment
4.2.1 Base Year 2020: Peak Loading Summer

Dynamic stability analysis has been carried out for the Base Year 2020 peak loading summer
conditions. To access the dynamic behavior of power plant and system towards the disturbances

£}

stmulations have been carried out of 3 Phase faults at IB Vogt bus cleared in 9 cycles.

Fach simulation has been performed for one second to depict steady state condition. Then fault
is applied and system has been simulated for the fault clearance time. Post-fault condition has

been simulated, from clearance of fault followed by a cettain contingency, till 15 seconds.

4.2.2 3 Phase fault at 11kV IB VOGT cleared in 9 cycles
Three phase fault has been applied at IB VOGT, fault has been cleared in 180msec (9 cycles) with
a particular N-1 contingency and dynamic stability response of the systetn is monitored, the same

has been summarized in the table below.

13
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Fault E-1: 3 Phase fault at 11kV IB VOGT bus cleared in 9 cycles

Figure

Syst R n
N(), yS em CSPO se

No. Contingency Monitoted Element

Bus Voltages of:

(i) 11kVIBVOGT
(i) 11kV MANKERA LV E-1.1A Stable
(i) 66kV MANKERA
(iv) 132kV BHAKKAR

1KV line from | Frequency at 11kV IB VOGT E-1.1B Stable

IBVOGT to | M and MVAR of IB VOGT E-1.1C Stable
MAKERA LV

Rotor Angles w.r.t. Muzaffar
Gazrh Slack Bus:

() JINNAEI E-1.1D Stable
(i) C-1/C-2
E-11 (iif) CHASHMA

Active (P) and Reactive (Q)

power flows on interconnecting

lines from:

(i) IB VOGT to MANKERA
LV CIRCUIT 1 E-1.1E Stable

i) IB VOGT to MANKERA
LV CIRCUIT 2

@) IB VOGT to MANKERA
LV CIRCUIT 3

4.2.3 3 Phase fault at 11kV Manketa cleated in 9 cycles

Three phase fault has been applied at Mankera, fault has been cleared in 180msec (9 cycles) with a
patticular N-1 contingency and dynamic stability response of the system is monitored, the same

has been summarized in the table below.

Fault E-2: 3 Phase fault at 11kV Mankera bus cleared in 9 cycles

Figure

No. Contingency Monitoted Element N
o.

System Response

Bus Voltages of:

() [1kVIBVOGT
@) 11kV MANKERA LV E-2.1A Stable
(1) 66kV MANKERA
(iv) 132kV BIHHAKKAR

14
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No. Contingency

Monitored Element

Figute

System Response

Frequency at 11kV IB VOGT

E-2.1B

Stable

MW and MVAR of IB VOGT

E-2.1C

Stable

Rotor Angles w.r.t. Muzaffar
Gath Slack Bus:

(i) JINNAH

@) C-1/C-2

(i) CHASHMA

E-2.1D

Stable

Active (P) and Reactive (Q)

power flows on intetconnecting

lines from:

(1) IB VOGT to MANKERA
LV CIRCUIT 1

() IB VOGT to MANKERA
LV CIRCUIT 2

(1) IB VOGT to MANKERA
LV CIRCUIT 3

E-2.1E

Stable

Dvnamic Stability Analysis Results are attached in Annexure-E.

4.3 Conclusion

Dynamic stability analysis has been petformed to access the dynamic impact of the solat power

plant on national grid system due to disturbances at the power plant and vice versa. The results of

dynamic stability analysis indicate that the power system is stable for the interconnection proposal

and it also fulfils all the critetia for generation connection with the power system.

15
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5 SHORT CIRCUIT ANALYSIS

Short circuit analysis has been performed to determine the need for any breaker replacements due
to impacts of the solar power plant project and determining the rating of Circuit breaker to
propose at power plant switchyard. Single-line-to-ground and three-phase fault current values
have been calculated for buses in the vicinity of the solar power plant project. ‘The calculated fault
currents observed at these buses were compared with the interrupting current capabilities of

corresponding citcuit breakers to determine need for upgrading existing circuit breakers.

5.1 Short Circuit Model Development
Short circuit database provided by FESCO has been used as a base case to perform short circuit

assessment. The study project has been added to the base case to develop the post-project case.

5.2 Post-Project Short Circuit Assessment

With the addition of power plant, short circuit current at each bur bar is increased, so the
citcuit breaket capacity has analysed. Post-project short circuit assessment has been
petformed to evaluate the contribution of the proposed project in fault current levels of

substations in its electrical locality and to compute the fault levels at IB VOGT Solar PV Plant.

5.2.1 Maximum Short Circuit: Base Yeat 2020

The maximum shott citcuit levels have been computed accotrding to IEC-60909 standatd.
Pre and Post project maximum short citcuit levels at the buses within the study area in the

year 2020 have been presented in table below:

Pre-Project Post Project
Bus Bus 1-® Fault | 3-® Fault | 1-®D Fault | 3-® Fault
Ndme kV Level Level Level Level
(kA) (kA) (kA) (kA)
IBVOGT LV 11 -N.A- -NL.A- 3.50 2.97
MANKERA LV 11 3.84 3.25 4.16 352
MANKERA 66 0.84 1.14 0.88 1.21
BHAKKAR 132 330 4.92 3.32 4.95
PIPLAN 132 5.67 7.63 5.68 7.65

Maximum Pre and Post short circuit analysis summaty for the base year 2020 is attached

in Appendix F-1and F-2.
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5.2.2 Minimum Short Citcuit: Year 2020

The minimum shott circuit levels have been computed according to [1:C-60909 standard.
Post project minimuin short citcuit levels at the buses within the study area in the yeat

2020 have been presented.

Post project minimum short citcuit analysis sumtmnary for the base year 2020 are attached

in Appendix F-3 respectively.

5.3 Conclusion

Shott circuit analysis has been petformed to evaluate the contribution of the proposed project in
fault current levels of substations in its electrical locality. Fault currents have been computed
based on simulation of three-phase and single-line-to-ground faults by applying the criteria as
mentioned in the IEC-60909 standard. The shott circuit value is well within the limit of Circuit
Breaker as per approved NTDC Specification. Thetefore, CB rating of 40kA is recommended.
Further it shows that the calculated fault currents are below the circuit-breaker interrupt ratings

of existing gtid stations located in locality of the project.

17
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6 Power Quality Analysis

6.1 Power Quality Study Objectives

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

1 Minimum shott citcuit of base year 2020

The objective of this analysis was to study the behaviour of solar PV power plant and the related
possible power quality issues. Following power quality parameters have been evaluated;

a. Flicker.

b. Voltage Un-balance.

6.2 Power Quality Study Criteria
Power quality analysis is petformed under the following criteria;

= Minimum short circuit case of 2020 has been used to calculate the parameters which are

required fot the power quality analysis.

* Dower quality analysis is conducted according to International Electro technical
Commission (IEC) standard IEC61400-21 titled “Measwrement and assessment of power quality

characteristics of grid connected wind turbines”
and

IEC-61727 standard titted “Photoroltaic (P17) systems — Characteristics of the utility interface”

6.3 Flicker

For the computation of flicker quantity in the steady- state continuous performance, IEC 61400-
21 standard has been used. The probability of 99th percentile flicker, during the continuous
operation for the brief momentaty from single invertet is PstZ and for the prolong time, the
flicker level is P1tZ. Following formula is used to calculate the flicker level:

1
Pay = Puy = [ZR(eWi,00)-520° o1

Where;

Spis the rated apparent power of the one inverter.
Skis the short-circuit apparent power at POL

Nyis the number of invertets connected to the POIL

¢ (W) cannot be greater than 1, its value ‘1’ is considered here assuming its worst case. POI
stands fot the point of interconnection that is the 11kV bus of the common solar PV switchyard.

18
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Whereas the voltage variation for one cluster at the POI of the solar power plant can be

computed by the following formula:

~- Aug = Kijnax %ﬁ (6.3)
Where;
kjp, ax= Maximum inrush cutrent in relation to the nominal current.
Sy = Short-circuit power at the POL
S,-£= Nominal apparent power of the Solar PV unit that is to be connected.
The formula discussed above is primarily for computation of the upper safe margin. Kypqy is
assumed to be 1 in this case. The appatent power and shott circuit value obtained are as follows:
i.  Base year 2020
n Siv = 48.45MVA

S.g = 0.105 MVA
Using equation (6.3), we get;
u, = 0.002167 = 0.2167 %

"The above voltage vatiation is far less the acceptable limit of 2.34 %% in IEC 61400-21 standard.

6.5 Conclusions of Powet Quality Analysis

The major criteria of the powet quality items i.e. flicker, voltage un-balance, has been investigated
for the ‘ib vogt 15 MWp solar PV power plant’ for the worst cases and the obtained values are
compared with the standard IEC values. The results show that all the parameters remain within

the acceptable range of the 1EC standards.
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7 CONCLUSIONS

7.1 Steady State Assessment

Steady state power flow assessment has been performed using the already available network data
of FESCO. Pre-project power flow study was conducted to analyze the magnitude and phase
angles of bus voltages, line loadings, and power flows under steady-state conditions. Post project
power flow analysis has also been performed after the interconnection of the proposed project
with the FESCO transmission system. The power flow results for the normal and for the
contingency conditions showed that the power flows on all the transmission line branches are
within their loading limit. ‘There is no capacity constraint in terms of power flow or voltage

ratings within the study area.

The steady state results found no capacity constraint in terms of power flow and voltage ranges.

7.2 Dynamic Stability Assessment

Dynamic stability analysis has been performed to access the dynamic impact of the solar power
plant on national grid systetn due to disturbances at the power plant and vice versa. The results of
dynamic stability analysis indicate that the power system is stable for the interconnection proposal

and it also fulfils all the criteria for generation connection with the power system.

7.3 Short Circuit Assessment

Short circuit analysis has been performed to evaluate the contribution of the proposed project in
fault current levels of substations in its electrical locality. Fault cutrents have been computed
based on simulation of three-phase and single-line-to-ground faults by applying the criteria as
mentioned in the IEC-60909 standard. The short circuit value is well within the lunit of Circuit
Breaker as per approved N'TDC Specification. Therefore, CB rating of 40kA 1s recommended.
Further it shows that the calculated fault currents are below the circuit-breaker interrupt ratings

of existing grid stations located in locality of the project.
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7.4 Power Quality Analysis

The major criteria of the power quality items i.e. flicket, voltage un-balance, has been investigated
for the ‘b vogt 15 MWp solar PV power plant’ for the worst cases and the obtained values are
compated with the standard IEC values. The results show that all the parameters remmain within

the acceptable range of the IEC standards.

Hence, it is concluded that based on the study results the proposed

generation interconnection assessment for I5SMWp IB VOGT Solar Park

meets the NEPRA grid code planning criteria.

N
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