FAS ENERGY PAKISTAN
(SMC - PRIVATE) LIMITED

The Registrar Date: July 23, 2018
National Electric Power Regulatory Authority

NEPRA Tower, Attaturk Avenue (East)

G-5/1, Islamabad

Subject: Apnplication for a Generation License for S0MWp Solar Power Plant located
at Kulachi, District Dera Ismail Khan, Province of Khyber Pakhtunkhwa

Dear Sir,

I, Tariq Ahimad Khan, Director, being the duly authorized representative of FAS Energy Pakistan
(SMC-Private) Limited by virtue of board resolution dated 2°¢ July 2018, hereby apply to the
National Electric Power Regulatory Authority for the grant of a Generation License to FAS
Energy Pakistan (SMC-Private) Limited pursuant to section 15 of the Regulation of Generation,
Transmission and Distribution of Electric Power Act, 1997.

I certify that the documents-in-support attached with this application are prepared and submitted
in conformity with the provisions of the National Electric Power Regulatory Authority Licensing
(Application and Modification Procedure) Regulations, 1999, and undertake to abide by the
terms and provisions of the above-said regulations. 1 further undertake and confirm that the
information provided in the attached documents-in-support is true and correct to the best of my
knowledge and belief.

A BANK DRAFT/ PAY ORDER No. 00312826 dated 17/07/2018 of United Bank Limited
amounting to PKR 314,752 /- (Pakistani Rupees Three Hundred Fourteen Thousand Seven
Hundred Fifty-Two Rupees Only), being the nonrefundable license application fee calculated in
accordance with Schedule II to the National Electric Power Regulatory Authority Licensing
(Application and Modification Procedure) Regulations 1999 is also attached herewith.

Yours faithfully,

(SMC-PRIVATE}
&" ol A LIMITED.

Tarig Abmad Khan /
Director and Authorized Representative _
FAS ENERGY PAKISTAN (SMC-PRIVATE) LIMITED.

}
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FAS ENERGY PAKISTAN

(SAC - PRIVATE)Y LIMITED

Board Resolution

Exiract of resolutions passed unanimously by the board of directors of FAS Energy Pakistan
(SMC -Private) Limited on 2™ July 2018:

"RESOLVED THAT FAS ENERGY PAKISTAN (SMC-PRIVATE) LIMITED, a company
incorporated under the laws of Pakistan with registration number 0119912 and having its
registered office located at First floor, Boquival Tower, Plot No 80, Street 27A, Crimson Road,
Sector H, D.H.A. Phase 2, Islamabad, Pakistan, (the “Company’®) be and is hereby authorized to
file Generation License Application (including any modification) for submission to the National

-1+ Electric Power Regulatory Authority (“NEPRA®) in respect of its 50 MWp Solar Power Project
to be located at Kulachi, Dera Ismail Khan, Khyber Pakhtunkhwa, Pakistan (the “Project™) and
in relation thereto, enter into and execute all required documents, make all filings and pay all
applicable fees, in each case, of any nature whatsoever, as required.”

"FURTHER RES@LVE]D THAT in respect of filing a Generation License Application |
(including any modification) for submission to NEPRA, Mr. Tarig Ahmad Khan, Director be and
is hereby empowered and authorized for and on behalf of the Company to:

(i) review, execute, submit, and deliver the Generation License Application (including any
modification) and any related documentation required by NEPRA including but not limited to
filing, signing, presenting, madifying, amending or withdrawing the application and other
documeénts, and responding to any queries of any nature whatsoever in respect thereof;

(ii) represent the Company in all negotiations, representations, presentations, hearings, proceedings,
conferences and for meetings of any nature whatsoever with any eatity (including, but in no
manner limited to NEPRA, 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) appoint or nominate any one or more officers of the Company or any other person or persons,
singly or jointly, in hig sole and absoluie discretion to communicate with, make presentations
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(SMC - PRIVATE) LIMITED

to and attend NEPRA hearings and (o appear before NEFRA or any other relevant regulatory
or governmental awthority in any proceedmcs hearings or representations periaining to the
Company or the Proiect;

(iv) do all such acts, maiters and things as may be necessary for carrying out the aforesaid purposes
and to give full effect to each of the maitters approved in the above resolutions."” :

"AND FURTHER RESOLVED THAT Mr. Tarig Ahmad Khan, CEO and Director, bé and is - -
hereby authorized to delegaie all or any of the above powers in respect of the forgoing to any
other officials of the Company he may deem appropriate.

{3MC- PRNATE\ o
Sownes. ) =) )\ e

Mr.Tariq Ahmad Khamn Mr. Adnan Khan
Chief Executive OEﬁcef | Company Se&:rercm-y
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Introduction to the Snonsors

The sponsor of the Project is FAS Power Trading Company KSA (“FAS Energy”) which owns
100% shares of the company. FAS ENERGY is the renewable energy development arm of
FAWAZ AL HOKAIR group based out of Saudi Arabia. Fawaz Abdulaziz Al Hokair Co (known
as: Al Hokair Group) is a public company, listed on Saudi Stock Exchange “Tadawul™ (TDWL)
since December 2006, Al Hokair Group, one of the largest group of companies in the Kingdom of
Saudi Arabia involved in energy, retail, hotels and real estate business sectors, operates across
Southern and Central Asia, Northern Africa, Middle East and Southern Europe. Al Hokair Group
is based in Rivadh, Saudi Arabia and was established in March 1990,

FAS Energy is a leading provider of utility-scale, commercial and industrial solar phofovoltaic
{PV) for utilities and other business interested in renewable energy. In recent times FAS Energy
has signed two Power Purchase Agreements (PPAs) for 50 MWp Solar Power Projects each with
the Egyptian and Jordanian Govermments,

Introduction to the Project

The Applicant obtained the Letter of Intent (LOI) from Pakhtunkhwa Energy Development Board
(PEDQO), Government of Khyber Pakhtunkhwa on September 29, 2016 for 50 MWp Solar PV
Power Generation Project at Kulachi, Dera Ismail KKhan, Khyber Pakhtunkhwa,

The project site is near Badshahabad village, Mosa Luni, Tehsil Kulachi; approximately 65 KM
notth-west of Dera Ismail Khan and about 17 km from Kulachi City. It is located at 31°55'49"N
T0°27T'31"E at an altitude of 209 meters having a distance of approximately 444 km from
Islamabad. | |

The Project site consists of approximately 250 acres of land area, The Project Company has entered
into an “Agreement to Sell” with the owners of the project land, Till issuance of Letter of Support,
the project fand remains under lease arrangement between the Project Company and the ownets.
Immediately upon issuance of Letter of Support, ownership of the land shall be transferred to the
Project Company. As per terms of the executed agreement, land owners cannot terminate the
agreement”, A copy of the exccuted Agreement to.Sell between Land Owners and the Project
Company is attached herewith as Annex-A.,

The complete feasibility study, carried out by DNV GL Energy Advisory UAE; was submitted to
PEDO which was approved on June 29, 2018, The Electrical and Grid Interconnection Studies was
conducted by ARCO Energy, and approved by PESCO on 21 February 2018, Initial
Environmental Examination (IEE) Report of the project has been approved by Directorate of
Environmental Protection Agency, Southern Region DI Khan of Forestry, Environment &
Wildlife Department-Government of Khyber Pakhtunkhwa on 22™ January 2018.




Salient Feature of the Facility for which license is sought

Project Capacity 50MWp

Type of generation Facility Solar PV Power Plant

Type of Technology Crystalline Silicont

Module p-Si - Jinko Solar

Inverter Huawei 2000-36KTL

Purposed Interconnection Scheme 2.5 KM In/Out arrangement with 132 kV Grid Stationt
Kulachi

The Project will apply for the tariff simultancousty with this application. Upon issuance of the
Generation License and determination of fariff, the applicant would exccute Energy Purchase
Agreements (EPA) with the power purchaser and aims to reach financial ¢lose by June 2019; the
expected commercial operation date of the Project is March 2020, subject to award of tariff and
execution of concession agreements,

Proposed investment

The total cost of the project is approximately US$ 47.8 million with the proposed capital structure
comprising of 80% debt and 20% equity as per recently issued National Electric Power Regulatory
Authority (Benchmarks for Tariff Determination) Guidelines, 2018, Total debt component is
estimated at US$ 38,2 million while total equity component is estimated at US$ 9.6 million, Debt
funding mix is assumed at 50:50 foreign and local debt. An LOT from the Bank has also been
issued in favor of the project which is attached herewith as Annex ~ B. Whole equity component
will be provided by the project sponsors,

Social and Environmental Impact of the Proposed Facility

A detailed Tnitial Environmental Examination (“IEE") Report hwas been prepared by DNV GL AS,
Dubai Branch, United Arab Emirates, on behalf of FAS, which has been approved by the
Directorate of Environmental Protection Agency, Southern Region, D.I. Khan, Forestry,
Environment and Wildlife Department, Government of Khyber Pakbtunkhwa (“KP-EPA™),

As per the IEE Repott, the Project has no significant adverse impacts and shall contribute
positively to the environment and sociceconomic development of the area, Fur?hct the Project
land is marginal in nature with no endangered flora or fauna species in the aze‘t Appropriate
measures for environmental monitoring and mitigation have been proposed in the approval issued
by the KP-EPA

This document is subimnitted pursuant to Section - 5 of Article - 3 of NEPRA, Licensing
(Apphcatmn & Modifi zcauou Procedure) Regulation, 1999,
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SCHEDULE -1 .

The Location, Size, Type of Technology, Interconnection Arrangements, Technical Limits,
" Technical/Functional Specifications and other details specific to the Generation
Facility/Solar Farm of the Licensee are described in this Schedule




O The Location

The project site is near Badshahabad village, Mosa Luni, Tehsil Kulachi; approximately 65 KM
north-west of Dera Ismail Khan and about 17 km from Kulachi City. 7

Figure 1: Location of the proposed Solar PV Power Project

Location Coordinates of the Proposed Project Location

Point Latitude (N) Longitude (F)

C1 31.958981 70.269122

C2 . 31.958897 _ 70.278165

C3 31.947916 : 70.278007 . .
C4 31.948051 _70.268963 - -

Figure 2 Boundaries of the Proposed Power Plant




Ihterconnection Arrancement / Transmission Facilities for Dispersal of Power from the
Generation Facility

The electric power generated from the Generation Facility/Power Plant shall be sold to Central .
Power Purchasing Agency Project Management Unit (PMU) of PESCO has vetted the Grid -
Interconnection Study of the project for Load Flow, Contingencies, Short Circuit and Stability
Analysis and approved the interconnection scheme through 2.5 km (feed length of Lynx
Conductor) In/Out arrangement from single circuit of 132 KV Kulachi Solar Power — 132 kV
Grid Station Kulachi D/C Circuit Transmission Line using Rail Conductor for connecting the
proposed generation facility.

Figure 3: Interconnection of the Proposed Power Plant
50MW Solar Power Plant
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Details of Generation Facility

A. Solar Power Generation Technology and Capacity

[ Type of Technology Photoveltaic (PV) with single-axis tracking
ii System Type  Grid Connected
it Installed Capacity of Solar Farm 50 MWp

(MW)

B. Technical Details oi Equipment
Solar Panels - PV Modules

i. Type of Module Jinko Solar (JKM 325PP-72-V}
ii. | Type of Cell Poly-crystalline 156x156mm (6 inch)
iii. | Number of Cells 72 (6%12)
iv. | Dimension of each Module 1956mmx992mm
V. Module Surface Area 1.94 my?
vi. | Weight 26.5 kg (58.4 1bs.)
vii, | Panel's Frame Anodized Aluminum Alloy
viii, | Junction Box 1P67 Rated
ix. | Linear Performance Warranty 10 Year product Warranty
. 25 Year Linear Power Warranty .

X. | Maximum Power {Pmax) 325Wp
xi. | Maximum Power Voltage 37.6V

(Vmp) ,
xii, | Maximum Power Current (Imp) | 8.66 A i
xiii. | Open-Circuit Voltage (Voc) 46,7V
xiv. | Short-Circuit Current (Isc) 9.10A
xv. | Module Efficiency 16.75%:
xvi. | Maximum System Voltage 1500VDC (IEC)
xvil, | Maximum Series Fuse rating 15A
xviii| Power Tolerance 0~+3%
xix. | Compliance I1SO 9001:2008, ISO 14001:2004, OHSAS18001

certified factory

IEC 61215, IEC 61730 certified product

Figure 4: V-I Curve of Solar Cell

(SMCPRIVATE) |°
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. PV Inverter

L Inverter Type - String Inverter Configuration (Huawei 2000~
36KTL)
it. Number of Inverters 1000
Efficiency
iii. | Max. Efficiency 98.8%
iv. | European Efficiency 98.6% -
Input
L ve | Max, DC Usable Power 40,800 W
vi. | Max. Input Voltage 1,100 V
vii. | Max. Current per MPPT 22 A
viii. | Max. Short Circuit Current per MPPT | 30A
ix. | Min, Operating Voltage / Start Input 200V /250V
Voltage
X. Full Power MPPT Voltage Range 480 V ~ 850 V @380Vac/ 400Vac
_ 580V~-850V(@480Vac
xl. | MPPT Operating Voltage Range 200 V~ 1000V
xil. | Rated Input Voltage 620 V @380Vac / 400Vac
720V@480Vac
xiil. | Max. Number of Inputs 8
xiv. | Number of MPP Trackers 4
QOutput
xv. | Rated AC Active Power 36,000 W
~xvi, | Max. AC Apparent Power 40,000 VA
xvii. | Max. AC Active Power (coso=1) Default 40,000W; 36,000W optlonal in
settings
Rated Output Voltage 220V / 380V, 230V / 400V, defauit
3IW+N+PE; 3W+PE optional in settings
277V/480V, 3W+PE
xviii| Rated AC Grid Frequency 50Hz /60 Hz
Xix. | Max. Output 60.8 A/57.8A/48.2A




| Current(@380V/400V/480V)

General

xx. | Dimensions (WxHxD)

930 % 550 x 260 mm (36.6 x 21.7 x 10.2
inches)

xxi. | Weight

55kg (121 1b.)

XXil. | Max. Operating Altitude Without

Derating

4,000m (13,123 ft.)

xxiii Relative Humidity

0~ 100%

xxiv.| Protection Rating

IP6S

Figure 5: Efficiency Curve of PV Inverters
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Single Axis Trackers
1. | Tracker Type Exosun

Tracked Area

—

ii.

Up to 1200m?

1} Structure

| Maintenance-free movement transmission

HDG/Galvanized Steel/Stainless
Steel/Composite

iv; DC string management

Cable trays or raceways

.| Drive Type

Brushless gear motor, 3 phase, 400 VAC (CE)
or 460 VAC (UL)

Preliminary Design arrangement of the proposed Solar Power Project

Design Assumption

Plant Arrangement Single Axis solar tracker
Tracker Rotation +50

PV Module Technology p-Si

Pitch E/W [m] 5.8

PV module rated power [Wp] 325




Ratio Modules/string 20
Ratio Strings/Inverter 8/7
Number of Inverters 1000
Inverter rated AC power [kW] 40
Total rated power Poc pwal 50.0
Total rated power Pacom: 40.0
Ratio Ppey Pac 125
Plant availability area [ha] 103
i Plant area ratio [ha/MWp] 2,05
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SCHEDULE-IT

The Total Installed Gross ISO Capacity of the Generation Facility/Power Plant/Solar Plant
(MW), Total Annual Full Load (Hours), Average Sun Availability, Total Gross Generation of the
Generation Facility/Solar Farm (in kWh), Annual Energy Generation (25 years Equivalent Net
Annual Production-AEP) KWh and Net Capacity Factor of the Generation Facility/Power
Plant/Solar Farm of Licensee is given in this Schedule.




SCHEDULE-IL

(l)- Total PV Installed Capacity of

Generation Facility SOMWs
@) Days per Year 365 days
3. PV Plant Generating Capacity Annually 85,626 MWh

(As Per Simulation)

@) Expected Total Generation in 25 years

50 MWh
Life Span 2,140.6

(%) Generation per Year from plant keeping

438,000
24 Hours Working

(6). Net Capacity Factor (4/6) 19.55 % at P50

Note

All the above figures are indicative as provided by the Licensee. The Net energy available to the
Power Purchaser for dispatch will be determined through procedures contained in the Energy Purchase

Agreement.




FAS ENERGY PAKISTAM

(SMC - PRIVATE) LIMITED
Mr. Iftikhar Ali Date: 10" August 2018 '
Director : Ref No. Re-NEPRA/02

Registrar Office

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

Sector G-5/1

Islamabad

Subject: RE- APPLICATION OF FAS ENERGY PAKISTAN (SMC-PRIVATE) LIMITED (FESPSPL) FOR GRANT
OF GENERATION LICENSE IN RESPECT OF 50.0 MW SOLAR POWER GENERATION FACILITY AT
DISTRICT DERA ISMAIL KHAN IN THE PROVINCE OF KPK

Dear Sir,

Reference to your telephonic enquiry dated August 10, 2018 requiring technical information
/documents for the subject application under Regulation 3 of NEPRA Licensing (Application &
Modification Procedure) Regulation, 1999; please find below the response of FESPSPL:

Jinko Solar

| Poly-crystalline
| JKM 325PP-72-V
1 153,846 pcs

| 50 MWp

S

Please note:that the stated information was provided in-application for tariff petition.

In case there is any further observation/query regarding the appli_cation, including
information/documents provided with the application; please feel free to contact us.

Yours sincerely,

P
ri mad %

Chief Executive
FAS Energy Pakistan (SMC-Private) Limited

SUBSIDIARY OF
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FAWAZ ALHOKAIR First Floot, Boquival Tower, Plot # 80, Street # 27A, Crimson Road, Sector H
DHA-Phase 2, Islamabad, Pakistan.
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Profile of Experience of the Applicant, Management, Staff and its members in the
electricity industry

The sponsor of the Project is FAS Power Trading Company KSA (“FAS Energy”) which
owns 100% shares of the company. FAS ENERGY is the renewable energy development arm
of FAWAZ Al HOKAIR group based out of Saudi Arabia. Fawaz Abdulaziz Al Hokair Co
(known as: Al Hokair Group) is a public company, listed on Saudi Stock Exchange
“Tadawul” (TDWL) since December 2006. Al Hokair Group, one of the largest group of
companies in the Kingdom of Saudi Arabia invelved in energy, retail, hotels and real estate
business sectors, operates across Southern and Central Asia, Northern Africa, Middle East
and Southern Furope: Al Hokair Group is based in Riyadh, Saudi Arabia and was established
in March 1990,

FAS Energy is a leading provider of utility-scale, commercial and industrial solar
photovoltaic (PV) for utilities and other business interested in renewable energy. FAS Energy
approach to solar energy generation is supported through its vertically integrated divisions
that include development, procurement, construction, operations and maintenance services.
FAS Energy is committed to provide renewable energy solutions in the Middle East and
beyond, with a focus on developing alternative energy capacity. With its branches in MENA
region, namely Jordan, Egypt and Morocco and Gulf Cooperation Council, FAS Energy
presently has 300 MWp of solar power projects in various stages of development.

In recent times FAS Energy has signed two Power Purchase Agreements (PPAS) for S0 MWp .

Solar Power Projects each with the Egyptian and Jordanian Governments.

FAS Energy has also remained involved in advising government agencies, in affiliation with
one of the leading construction companies in the Middle East, on building industry-leading
solar parks. . '
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THE COMPANIES ACT,

{Company Limitet by Shares)

© ARTICLES OF ASSOCIATION
oF

PAS ENERGY PAKISTAN (SMC-PRIVATE] LIMITED

e s e e e
¥




SINGLE MEMBER COMPANY

Oy 41-1 The company is a single member compeny and as suth being a grivate company limited by

ta)  ivshall notinvite the Q_ub__ﬁc to .sgbssﬁ"_be fétﬁfﬁﬁ}?_éﬁafe_s"@f@ﬁe compény;

{b)  the company shall niot register ary. shaa‘e(s) in the name gl two or miore persons to
hold ene or more shares. Jmm}y, and




MEETINGS, VOTES AND ELECTION OFDIRECTORS

1T, All the requiremerits of the Act regarding mlhna of, halding and approval in general

meeting, board meeting and election of’ directors i iin cusk of a-shiigle. pember compwy, shall be
deemed complied with; if the devision is vecorded 711§ e relevant minates beok and signed by the

sale member ot sole direclor as the case ma ay lig,

DIRECTOR(S)

: natum crsén Lt:,




CONTRACTS WITH THE SINGLE MEMBER

19: Wheie a single member company enters inty @ contract with -

company, the single member company shall, unless.th : ing : that fhe
terms ‘of the contract ave for thwith set out in a wiiitert memdran it 1 O ‘are n.curded ifi the
minates of the first meetivg of the directors of lha compcu_ y- f@ilowmg the making of the-contr act,

DIVIDENDS ANB RESERVES
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- DIRECTORATE 551“ R
OF ENVIRONMENTAL PROTECTION AGENCY ;;5
SOUTHERN REGION D.LKHAN. %sé N
FORESTRY, ENVIRONMENT & WILDLIFE DEPARTMENT ?;E

GOVT.OF KHYBER PAKHTUNKHWA,

i

NO. EPA/IEE/50MWSolar-FAS/ 7 0_8 Dated: D. |. Khan the Y% f 1 /2018,

To,

My, Tarig Ahmad Khan,

FAS Energy, 1 Floor,

Boquival Tower, Street # 27-A,

Crimmson Road, Sector ;;H,_bHA-Phase 2, Islamabad.
Phone: +92 (051)5418644,

Subject: SUBMISSION OF INITIAL ENVIRONMENTAL EXAMINATION REPORT FOR SOLAR
POWER PROJECT OF S50MW BY FAS ENERGY LOCATED AT KULACH!, DISTRICT
D.LKHAN,

I am directed to refer to the subject cited above and to enclosed herewith
Environmental Protection Approval/Decision Note on IEE Report of “SOMW Solar Power

Project at Badshahabad village, Mosa Luni, Tehsil Kt}fachi, District D. | Khan” for your

information and further tmp!ementahon

Moreover, Shedule VHl must be submttted w0 this Agency within a month on
Stamp Paper as an undertaking for the comphance of terms and conditions as mentioned in
the Environmental Approval as well as mitigafion measures in the iEE Report. {Copy

enclosed).

w &

Assistant Director

Copy for infarmation to;

s PA to Director General, EPA, Govt. of Khyber Pakhtunkhwa, Peshawar. £
¢ PA to Director, EPA, Govt. of Khyber Pakhtunkhwa, Peshawar.,

2 R A ST S R O Pt A ot D LR T

UO‘E T:Sl i.i 2, Ix \RIVIABAD I)IYAI R()AD OI’P QUAID L—A/ AM SCHOOL SYSTEM DULKHAN,
PHONE NO.0966-740171 FAX NC. 9966-74017]
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SCHEDULE-V
Decision on IEE

i Name & address of Proponent: Mr. Tarig Ahmad Khan,
FAS Energy, 1st Floor, Boquival Tower
Street No. 27, Crimson Road,
Sector —H, DHA, Phase-2, Is(amabad

2. Description of Project: FAS Energy (Pvt) Ltd. has planned to construct
50MW Solar Power Project at Badshahabad
vilage, Moza Luni, Tehsit  Kulachi, District
D.L.Khan, The total 200 hectares iand has been
assessed for the proposed project. The proposed
project will be connecled to Kulachi grid station
{15km} or Tank grid station (2%km) or Daraban
grid station (21km).The estimated Construction
period of the proposed project is 12-18 Months
and operational life is 20 Years.

3. Location of Proiect, The project site is located at District D.L.Khan.

4. Date of Filing of IEE: 15.09.2017 (Ref: EPA Diary No._389 )}

5. After careful review, the Environmental Protection Agency , Govt. of Khyber Pakhtunkhwa
has decided to accord approval of the Initial Environmental Examination for "50MW Solar
Power Project at Badshahabad village, Moza- tuni, Tehsit Kulachi, District D.I.Khan”
in line with the guidelines issued by Khyber Pakhtunkhwa Environmental Protection Act, 2014
and IEE/ETIA Regulations, 2000, subject to the foliowing terms & conditions:-

a) The proponent will adopt all precautionary and mitigation measures identifled in IEE
Report as well as any un-anticipated impacts during the construction and operation phase
of project,

b) The proponent shall ensure to avoid dumping of debris inte down slope. A proper area
should be idantified for dispesal of debris. .

¢) Land ownership documents/acquisition/lease agreements duly verified shall be provided
to EPA before commencement of construction activities.

o, d) Ewstmg traffic route must not be disturbed and proper signboards should be anstatled to
O \‘?i"avo d any inconvenience in the existing Right of Way {(Row).
) The proponent should ensure the strict and efficient health and safety measures for the
protection of workers and passersby. |

fy Mature Trees on the project area shall be protected. Moreover Piantatlon should be
carried out in the available open spaces of the proposed project area.

g) Proper security/fences shall be installed around the project area. |

h) Drinking Water Tube well shall be provided to the nearby community. S

i) the proponent shall submit the detail of project/activities for the befit of the surrounding
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10.

11

12.
13.

) All conflicting Issues regarding compensation, lease agreement etc if any to be settled
down before executing or commencing of the project activities and a certificate in this
r_egard should be submitted to EPA,

m) This approval is only issued for the construction activities of the project and not for any
other kind of activities.

n) No extension would be permitted in the future in the existing project without prior
approval of the EPA/Govt. of Khyber Pakhtunkhwa.

0) The proponent shall provide the copy of this approval and IEE report to the contractor for

information and compliance. -

The proponent shall be liable for correctness and validity of the information supplied by the
environmental consultant. '

The proponent shall be liable for compliance of Regulations 13, 14, 17 and 18 of IEF/EIA
Regulations, 2000, regarding approval, confirmation of compliance, entry, inspections and
monitoring,

This approval is accorded only for the installation/ construction phase of the project. The
proponent will obtain approval for operation of the project in accordance with the
Regulations 13 (2) (b) and 18 of the IEE/EIA Regulations, 2000.

Any change in the approved project shall be communicated to EPA, Regtona! Office, D.I.Khan
and shall be commenced after obtaining the approval. L

This approval shall be treated as null and void if all or any of the conditions mentioned above

is/are not complied with.

This approval does not absolve the proponent of the duty to obtain any other approva% or
clearance that may be reguired under any law in force.

There shall be no legal case pending in the courts against the project,

In exercise of the power under Section 13 of the Khyber Pakhtunkhwa Environmental
Protection Act, 2014, the undersigned is pleased to approve the IEE Report for construction
phase of the project with above mentioned terms and conditions.

Dated: AXh—~o/i-20/F

Tracking/File.No.__EPA/IEE/S0MWSolar-FAS/ 708

X Gj/\a\“é

Environmental Protection Agen
Regiona! Office, D.I.Khan
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EXECUTIVE SUMMARY

L.1. Project overview
FAS Energy (the “Proponent”) is proposing to develop the S0MW =, project located in Kulachi, Dera
Ismail Khan District in Khyber Pakhtunkhwa Province, Pakistan.

The project area fails within 16km West of the town of Kulachi. The project area falls within the Dera
Ismail Khan District in Khyber Pakhtunkhwa province of Pakistan,

1.2, IEE obiective

This document is the Initial Environmental Examination (1IEE} prepared to comply with the Khyber
Pkhtunkhwa Environmental Protection Act, 2014,

The document addresses the following:

+ Likely impacts arising from a proposal; and

e Provides mitigation measures for the potential impacts.
1.3. IEE methodology

The IEE study is focused at developing the environmental profile of the project area to evaluate the
(baseline data) existing conditions on physical and biological environment, and social environment and
Identify the anticipated environmental impacts and propose iwitigation measures.

This report has been prepared based on the existing and available information to date.

The following activities have been performed:

» Leglslation was reviewed to ensure the report is prepared in line with the local legistation in
Pakistan. Legislation reviewed Is listed in Section 2.

= Site visit was performed to assess the site, Specifically, the following site visits were undertaken:

"o Environmental and Sccial assessment site visit - durlng this site visit environmental and
social aspects were analysed;

o Topographic study was undertaken - the report wliil be shared with the Authorities;
o Geological study was undertaken - the report will be shared with the Authorities.

o Grid interconnection study was undertaken - the report will be shared with the
Authoritles.

1.4. Conclusions and Recommendations

 No major risks have been identified to be caused by the project. The project Is going to be based on the

desert land with few trees and bushes within the site perimeter.

The project site does not have any human settlements and hence will not require a resettlement. Project
Land owners have been consufted with and they have agreed to sell the land.

{ DNV GL - Energy ) FAS Solar PV PLant
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The closest human settlement to the project is 500 meters away from the project site, The community
has been consulted and they do not see any concerns about the project. The community, however,
expressed an interest in potential job opportunities.

During the construction the project is expected to cause noise and air impact due to excavation activities
and increased traffic, as well as waste creation,

During the operational stage, the project is not expected to have any impact apart from any potential
waste management i.e. from broken panels,

Baseline activities shall be carried our prior to the commencement of the project, specifically:

» Air quality shall be recorded prior to the commencement of the project construction;
Water quality shall be recorded in the nearby river prior to the commencement of the project;
» Noise levels shall be recorded prior to the commencement of the project construction,

A list of potential impacts and the recommended mitigation measures are provided below:

| DNV GL - Energy FAS Solar P PlLant
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Air quality

Use Traffic Management Plan (Section 7.3) to reduce vehicle use and minimize
impacts, including optimize routes and speed [imits, and ensure good maintenance.

Apply dust suppressors ~ water shall be sprinkled daily or when there is dust probiern
on the-exposed surface.

Excavated soil shail be covered, including within the site and when transporting.

Advise nearby residents, as applicable, of significant truck transportation passing
through nearby roads.

Utilise transportaiton and equipment in line with the KPK Quality legislation.

Air quality measurements shall be taken before the construction starts to establish a
baseline;

Air quality shall be monitored every day and recordings legged.

Noise Jevel

s

Use Traffic Management Plan (Section 7.3) to reduce vehicle use and minimize
impacts, including optimize routes and speed limits, and ensure good maintenance.

Depending on local feedback, limit construction activity during daylight hours to reduce
the potential impact of construction noise.

Noise level shall be taken before the cammencement of consutrction; and noise shall
be monitored durign the consutrciton to ensure compliance with the requirements.

Noise level shall ba in compliance with the KPK noise legislation on,
Use of proper siiencers, mufflers and personal protective aquipment’s;
Any complaints regarding the nosie shall be logged and addressed.
Night-time traffic will be avoided near the communities.

Soil / Surface and
Ground Water and Water
consumption

Use Water Management Plan (See Section 7.2) to ensure appropriate use of water,
Consider flooding aspects in the PV plant design.

Use Waste Management Plan (See Section 7.1) to ensure appropriate waste
management. '

No waste shall be stored within the nullah or within its proximity;
Equip personnel with emergency spill kits,
Train construction and maintenance crews in appropriate responses to accidental spills.

Maintain equipment throughout the constructlon/decommissioning period to minimize
the potential for accidental releases of toxlc fluids,

Ensure Contractors have an Emergency Response Plan {ERP) in place, in accordance
with the environmental monitoring plan. Train construction staff in the proper
implementation of these plans.

All the water plumbing shall be regularly Inspected. Any identified leaks shall be
repaired straight away;

Water efficiency devices such as self-closing taps, pressure reducing valves, low flow
shower heads, toilets etc. shall be Installed;

TBT talks shall be contacted on water efficiency by the HSE Manager; and

Cleaning of vehicles shall be minimised whilst still ensuring best maintenance
practices. It Is recommended to clean vehicles in urban areas instead of on site.

Appropriate approval shall be recelved from the authority to utilise ground water and
river water for project purposes. :

Proper drainage system shall be implemented.

Maintenance of vehicle and machinery wili only be carried out at designated places to
avoid any fuel spiil. :

| DNV GL - Energy
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Migigation muasura

Waste Management

Devel and implement Waste Management Plan (See Section 7.1)
Septic tanks and soak pits will be used,

Use of covered bins.

Use separate bins for recyclable material and other type of solld waske,
Move waste from site on dally basis to avoid cdour,

Approved contractors will be hired for the recyclable waste material.

A separate waste area will be allocated for the project.,

Debris, waste genevated from construction material will be properly stored during the
construction phase and will be removed from the site, once the construction is
completed.

Ecological and natural
resources impacts
(vegetation and fauna)

Identify and delineate work zongs prior to undertaking work to minimize the amount
of vegetation that needs to be cleared.

Minimize the overall project footprint.

Prepare Site Restoration Plan once the consturction is finished the site is restored as
much as possible.

Personnel working during operational phase of the project will be strictly prohibited to
hunting and trapping of wild life

Traffic Management

Implement Traffic Management Plan

There shall be clear separation between pedestrian road and vehicle roads within the
site

Speed limits shall be followed at all times
Follow local driving rules

Road Sign board will be fixed at appropriate places to reduce safety hazards
assoclated with project traffic :

Project drivers will be trained on defensive driving

Follow strict code of conduct

Safety precautions and display on the notice board of entry gate In both national and
local language

Economic and
Community Setting and
HSE

Locals shall be prioritized for any job opprotunity.

Develop and implement program for training and job opportunities for the Project
during construction for local populations.

Public involvement program

Provide local and regional authorities with Project Traffic Management Plan (or an
equivalent document) to avoid any unexpected circulation problems.

Implementation of Health and Safety Incidents Plan (or an equivalent document) to
reduce workplace safety risks.

Prepare Site Restoratlon Plan to restore constructlon activity consequences.
Any local cultural differences shall be consldered.

Appropriate vaccinations shall be ensurad.

Health checks shall be regularly performed on the workers,

First Aid shall be available.

Site shall be secured.

Implement Grievance Mechanlsm,

A health and safety policy will be applied throughout the project and among all
project contractors.

Abide by all naticnal occupational health and safety reguiations.
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Compongnt

Mitigation measure

Suitable PPE, training and ongoing safety checks shall be available.
Equipment periodic maintenance according to manufacturers' scheduie.
Follow the Trafifc Management Plan.

The project will create employment opportunities for the nearby areas. All the
precautionary measures as required for the safety of workers shall apply

Take adequate precautions to prevent danger frem electrical equipment.

Provide a first aid.

Ensure workers exposed to loud noise wear ear plugs/ear muffs.

Warkers accommodation shall comply with the IFC / ADB standards.

FAS Energy, Its contractors and sub contractors cornply with the national labor law.

pera ase

fest

E

Seil / Surface and
Ground Water

Adhere to operational control procedures for the storage and handling of hazardous
matertals,

Train staff in the proper implementation of HSE procedures,

Waste Management

Implement waste management plan

Overall the project is feasible and a sustanble option which will result in the following benefits for Pakistan:
*  Cleaner Ajr in the long term - as the project will be using solar resource to generate elecitricyt;

»  Creation of jobs during ~ the project wlll employ around 200 people during the peka consutretion. This will bring

increased business to the area; and

»  Better reputation for the cauntry - as usage of solar power is very welcomed by all the cormmunities,

EMP shaii be constantly reviewed and updated as needed.
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L INTRODUCTION

1.1 Project overview

FAS Energy (the “Proponent”) is proposing to develop the S50MW PV project located in Kulachi, Dera
Ismail Khan District in Khyber Pakhtunkhwa Province, Pakistan,

The project area falls within 16km West of the town of Kulachi. The pro;ect area falls within the Dera
Ismail Khan District in Khyber Pakhtunkhwa province of Pakistan.
1.2 1EE objective

This document is the Initial Environmental Examination (IEE) prepared to comply with the Khyber
Pkhtunkhwa Environmental Protection Act, 2014,

The document addresses the following:
»  Likely impacts arising from a proposal; and

+ Provides mitigation measures for the potential impacts.

1.3 IEE methodology

The IEE study is focused at developing the environmental profile of the project area to evaluate the
{baseline data) existing conditions on physical and biclogical environment, and.Social environment and
identify the anticipated environmental impacts and propose mitigation measares. -

This report has been prepared based on the existing and available information to date.

The following activities have been performed:

» Legislatlon was reviewed to ensure the report is prepared in ine with the local legislation in
Pakistan. Legistation reviewed Is listed In Section 2,

»  Site visit was performed to assess the slte. Specifically, the following site visits were undertaken:

o Environmental and Social assessment site visit - during this site visit environmental and -
social aspects were analysed;

o Topog'raphic study was undertaken — the report will be shared with the Authprities;
o Geological study was undertaken — the report will be shared with the Authorities;
o Grid Interconnection study was undertaken.- the report will be shared with the
Authorities. '
1.4 Structure of the document
The overall structure of this report is in line presented below:
» Section 2 - Legislative Requirements;
s+ Section 3 - Project Description;
o Section 4 - Analysis of Project A!ternatives;
¢+ Section 5 - Project Costs and Benefits;

+ Section 6 - Anticipated Imp-a_é:ts and Mitigation Measures;

| DNV GL - Energy F&S Sclar PV Plant
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* Section 7 - Environment and Social Management Plan;

s Section 8 - Conclusion and Recommendation; and

« Appendix A - Environmental Management Plan

This report shall be read in conjunction with the following reports that are referenced in this study:

1. Topographic Study;

2. Geological Study;

B

Permits received.

. Grid Interconnection Study; and
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2 LEGISLATIVE REQUIREMENTS

The table below provides an overview of the environmental standards in Pakistan:

2.1 Khyber Pakhtunkhwa Environmental Protection Act 2014

The Act aims to ensure protection, conservation, rehabilitation and improvement of the environment, -
mionitoring, prevention and control of pollution and promotion of sustainable development in the

Province of the Khyber Pakhtunkhwa.

Initial Environmental Examination (1EE)

As per the Khyber Pakhtunkhwa Environmental Protection Act 2014 no probonent of a puloject shall
cormmence construction and operation unless heh has filed with the agency an initial enviranmental
examination or where the project is likely to cause an adverse environmental effect, an environmental

impact assessment,

Environmenfal Impact Assessment (EIA)

As per the Khyber Pakhtunkhwa Environmental Protection Act 2014 an EIA Is required for projects that
are expected to have a significant environmental impact. The Act gives the followihg definition of the
EIA: an environmental study comprising collection of data, prediction of qualitative and quantitative
lmpacts of a proposed develcpment activity, comparison of alternatives, evaluation of preventative.
mitigatory and compensatory measures, formulation of environmental management and training plans
and monitoring arrangements, and, and framing of recommendations, measures and such other

components as may be prescribed.

2.2 Khyber Pakhtunkhwa Enviwnfséenta% Quality Standards, 2010

The standards determine the functions of an environmental {aboratory to test and analyse sampies of
alr, water, soll, effluents and wastes, as well as noise to determine whether they comply with the set
standards, The standard consists of the following requirements:

+ Ambient Air Standards;

» Drinking Water;
* Noise Levels;

+  Waste management;

+ Motor Vehicle Exhaust and Noise;

» Handling of Hazardous Supstances.

The above standards are avallable on the Pakistan Environmental Protectlon agency website here:

http://epa.kp.qov.pk/page type/rules

2.3 International Conventions applicable to Pakistan

As per Khyber Pakhtunkhwa Environmental Protection Act 2014, Pakistan is signatory to the following

international conventions:

1. International Plant Protection Convention, Rome, 1951

! DNV GL - Energy
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9.

Plant Protection Agreement for the South-East Asia and Pacific Region (as amended), Rome,
1956

Agreement for the Establishment of a Comumission for controlling the Desert Locust in the Easter
Region of its Distribution Area in South West Asia (as amended), Rome, 1963

Convention on Westlands of international Irportance especially as Waterfowl Habitat, Ramsar,
1971 and its amending Protocol, Paris,. 1982

Convention Concerning the Protection of World Cultural and Natural Heritage {(World Heritage
Convention), 1982

Convention on Internationat Trade in Endangered Species of Wild Fauna and flora (CITES),
Washington, 1973

Convention on the Conservation of Migratory Species of Wild Animals, Bonn, 1979,
Convention on.the Law of the Sea, Montego Bay, 1982

Vienna Convention for the Protection of the Ozone Layer, Vienna, 1985

10, Montreal Protocol on Substances that Deplete the ozane Layer, Montreal, 1987 and amendments

thereto.

11, Agreement an the network of Agriculture Centres in Asia and the Pacific, Bangkok, 1988.

12, Conventlon on the Control of Tran boundary movements of Hazardous Waste and Their Disposal,

Basel, 1989.

13: Convention on Biological Diversity, Rio de Janeiro, 1992

14, United Nations Framework Convention on Climate Change, Ric De Janeire, 1992

15, United Nation Convention to Combat Desertification (UNCCD), Paris, 1954

16. Kyoto Protocal to UNFCC, Kyoto, 1997

17. Rotterdam Convention on Prior Informed Consent (PIC) for certain Hazardous Cheml_cal and

Pesticides in International Trade, Rotterdam, 1999

18, Stockholm Conventlon on Persistent Organic Pollutants (POPs), Stockholm, 2001.

19. Cartagena Protocol on Bio-Safety to the CBD, Cartagena, 2001,
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3 PROJECT DESCRIPTION

3.1 Project Name and Project Proponent

The name of the Project is FAS Solar Power Plant and FAS Energy is the Proponent,

3.2 Projact Objectives

The objective of the Project is to build a 50MW solar power plant to support Pakistan's renewable energy

drive and reduce pollution,

3.3 Proposed Echedule for Implementation

It is scheduled to reach financial close in June 2018 and expected commercial operational date of the
power plant is scheduled to be September 15, 2019,

Table 3 provides an overview of the status of key permits (as of November 2017) required for the
Project,

Table 2. Permitting Review

LOI is the official mandate to

Subimitted

Letter of KPEP Sponsor
Interest (LOI) commence working on the Project
and heralds the preparation of a
g feasibllity. study and acquisition of E
land.
i Acquisition of Government Sponsor Land needs to be allocated for the Preliminary agreements
; Land the Khyber project development purposes. from the land owners
Pakhtunkhwa were cbtained for the sale ;
i of land
Submission of KPEP Sponsor Feasibllity study had to be CIn progress
Feasibility Study compieted within 3 months from
(including IEE) the LOI date.
i Interconnection PESCO, Sponsor Permission to connect the plant Appiication for Grid
tudy approval CPPA-G, to the grid is required. Interconnection
NTDC ' Assessment (GIA) was
submitted to General
; Manager (Dev) PMU,
Peshawar Electric Supply
Company (PESCO). Grid
interconnection study has
been completed..
NOC related to EPA Sponsor Nen-objection certificate from Request was submitted.

3

fisheries

fisheries department.
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¢ NOC related to EPA Sponsor Non-objection certificate from Request was submitted.
. forest: forest department.
i NOC related to EPA Sponsor . Non-objection certificate from Request was submitted.
| :
wildlife wildlife department.
NOC for IEE KPEP Sponsor Non-objection certificate is issued In progress
in case no major critical findings -
that can prevent the power plant
from construction, i
L i
; Generation KPEP Sponsar Permit to generate electricity, Not obtained yet
i License
Tariff NEPRA Sponsor Agreernent on the tariff to be Not obtained yet
determination paid for the electricity generated
by the plant,
| Letter of KPEP Sponsor This is issued once the tariff has Not obtained yet
Support (LOS). been approved.
Energy Purchase Central Power Sponsor Onece LOS is issued this EPA can Naot signed yet
{ Agreement Purchasing be slgned.
(EPA) Agency
: (Guarantee)
: Limited
: Implementation GOP Sponsor IA Is a guarantee in refation to Not signed yet

Agreement (IA)

the power purchaser operations,
Including -any events of force
majeure or default.

3.4 Project Location

The Solar project is located near Batcha Abad village, about 13 km from Kulachi city, a city named affer
the Kulachl Baloch tribe and is the headquarters of Kulachi Tehsil (an administrative subdivision) of Dera
Ismail Khan District in Xhyber-Pakhtunkhwa province of Pakistan. 1t is located

at 31°55'49”N 70°27'31"E at an altitude of 209 metres. The project site is approximately around 2km?

(200 Ha).
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Figure 3-1, FAS Project Location (Source: Google Earth image)

The area is an agricultural zone. It lies at the foot of the Sulaiman Range. There is no habitation within
the plot limits; however, there is a small village with some houses at northernside, outside the plot limits.
The site contains small bushes and trees at scattered location and are very thin in numbers. There is a
low voltage transmission line passing at north ~ east corner side of the plot.

Figure 2, Zoomed in image of site locatien (Source: Extract from Site Visit report)

| DNV GL - Energy FAS Sclar PV PLant
| 17-06B8-ME-R-D2Z, A Initlal Environmental Examination
FAS Sofar PV plant, Pakistan



3.4.1 Project access

The site visit report indicated that the Project Site from Islamabad, Capital of Pakistan can be accessed -
through:

Kashmir Highway - Islamabad Motorway Link Road - Lahore-Islamabad Motorway M2 ~ Balkasar
Interchange ~ Talagang-Chakwal Road — Talagang Bypass Road - Mianwali-Rawalpindi Road -~ Mianwali-
Talagang Road - Sargodha-Mianwali Road ~ Mianwali-Muzafargarh Road - Dera Ismail Khan Road -
Chashma Road - Dera Ismail Khan-Mianwall Road — Bannu Road - Indus Highway -~ Tank-D.I.Khan Road
= Kulachi NH55 Link Road - Kulachi-Loni Road - Leni-Daraban Read - Loni Village ~ Batcha Abad Village
- Project Site.

Total Distance of 443 km could be covered at a travel time of approx, 7 h.

The road is metal road all the way till Loni however, fram Loni to Badshahbad village to Project site is
rough track (Katachy road).

Syan TURL e & e
Lmqv\m % _ . . ;i” -

o :m mz" , . Chambifguia MUS lm l&‘bad
Y, f ' ' ,abl ,«iwo
S Karbcgha - %‘
1} *ms;mm

T, »ﬁsuf

Shahwals.
,Iuré‘qbl o

Duilewa!a
’:JE; ;._I

Figure 3. Project access from Islamabad (Source: Site Visit Report)

More detailed information regarding the route is available in the Site Visit Report.
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3.4.2 Power Sources and Transmission

The project will be eonnected by making an In/Out of 132kVY single circuit between Kulachi and Tank at
FAS Solar Park with a feed length of 16km on Lynx conductor. Based on the Grid Interconnection study
conducted by ARCO Energy the power flow resuits for the system intact and for the contingency
coenditions shows that the power flows on all the transmission line branches are within thelr normal
thermal loading limit. There is no capacity constraint in terms of power flow or voltage ratings within the
study area. 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, Result of the short circuit analysis showed that the calculated fault currents are below the
circuit-breaker interrupt ratings of existing grid stations located in loczlity of the project. Based on the
grid interconnectibn study results, it is concluded thakt proposad generation interconnection assessment
for SO0MW (AC) Solar PV Power Generation project meets the NEPRA grid code planning criteria.

50MW Solar Power Plant
Gomal Zam FP , E— KULACHI32/H k¥
RO Subseation
] Lw Allesy :
14
(3 4
TANE 132/11 XV ; :
Subatation . 1ekm : glﬁkm
i DARABAN 132,11 kV
i Subszarien
11
_{;ﬂ i
.
: X
L 4
SOMW FAS Solar
Legend SKETCH.II
1326V — ’
50MW Bolar Power Plant
1KV S
Proposed S i s ARCO ENEREY
DATED; 01102017

Figure 4, Proposed grid connection of the project {Source: Grid interconnection study)}

3.5 Site selection criteria

The Site was selected in line with the Pakistan site selection principles, First three potential project
locations were considered. The slte was assess by the Sponsor's representative in Pakistan to consider
the best site location based on the such site characteristics as topography, environmental considerations,
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site closeness to the villages and other Infrastructures. The site visit was performed also by Nasir Absar
Consulting (site visit report is available), who analysed the site suitability considering whether the
proposed tand is prohibited (including environmental sensitivity considerations). The site was then
selected due to the fact that the site is not within the protected area, the topography requires minimal
levelling of land, land owners agreeing to sel the land. '

3.6 Topographic study of thea site

Topographfc study was conducted on 16™ of September 2017 by the Standard Land Surveyors. The Field
area falls In zone 42N UTM. Soil is generally silty clay and in stable conditions and not in loose dust form.
The Figure 3-5 shows the location of the pillars used for the topographic study.

5

The iongitude and latitude of the pillars is available in Table 3.

Table 3. Latitude and longitude of pillars used for the topographic study.

Y 2 E i B3 SR S B TR

BM1 (see Figure 3-6.
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| BM 1 Pillar point)

: : g e ; "

| BM14 (see Figure 3-7)  31° 57' 31.92050 70° 16' 40.42834 239.721
~f BM16 (see Figure 3-8)  3+° 57 1.52915" 70° 16' 20.88233" 238.479
i o 31° 57' 31.75437" 70° 16' 29.49675" 239,155

BM17 (see Figure 3-9)

on drisat e viria i

Elevation measured varied between 238 and 239 meters.
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Figure 3~6. BM 1 Pillar pdint

Figure 3-7. BM14 pillar point
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Figure 3-9. BM17 pillar point

3.7 Geological study

Geotechnical Study was conducted by GEOENGINEERS in September 2017 whereby 16 boreholes were
drilled (see Figure 3-10).
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Figure 2-10. Geotechnical Investigation of the site (Source: Geotechnical Investigation Report)

Based on the findings of the report the project is located in the Northern Central Indus Basin {CIPB)}
comprising of aluvium (see Figure 3-11). According to the geotechnical investigation of 16 boreholes
from 0 -~ 5 m depth each, the alluvium is mainly consisting of sandy clay and silty clayey sand.
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Figure 3-11. Central Indus Basin of Pakistan (Source: Geotechnical Investigation Report)

The seismic zoning of Pakistan is shown In Table 4,

Table 4. Seismic zening map

t 1 0.05 to 0.08 Very low
2A 0.08 to 0,16 Low
2B 0.16 to 0.24 Moderate
% 3 0.24 to 0.32 High
; 4 ->0.32 Very High

As noted in the Geotechnical report the project area lias at the boundary of seismic zone 2B and 3,
this is shown further in Figure 3-12.
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Figure 3-12, Seismic Zoning map and project Iocatidn {Source: Geotechnical Investigation
Report)
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3.8 Climate

According to Climate Data Organisation, the climate in the Dera Ismail Khan district is "desert.” The
average annual temperature in Dera Ismail Khan is 24.5 °C. The average annual rainfall is 249 mm. The
driest month is November, with 3 mm of rain. In July, the precipitation reaches its peak, with an average
of 63 mm. June is the warmest month of the year. The temperature in June averages 34.4 °C. At 12.1
°C on average, January is the coldest month of the year, There is a difference of 60 mm of precipitation
between the driest and wettest months. The variation in annual temperature is around 22.3 °C,

Figure 313, Historical average weather data for Dera Ismail Khan district (Source: Climate
Data Oryg)
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‘Pravipitation J Reindsl

{rin

3.8 Water (surface and groundwater)

Water is scarce in the Dera Ismail Khan district. CRBC Canat is the major canal that provides water for
irrigation in the district. Most of the town Is served with water supply system whereas rest of the area is
without it and people have their own sources of water mostly hand purmps / power pumps.

Within the proximity to site Badshad Abad village is using a well for water purposes.

Pit Latrine system Is used for sewerage.

Additionally, during the site visit it was noticed that there_ are water ways {nuilah) on the project area
(see Figure 14),
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Figure 14. Topographical image of the area (Source: Geotechnical report)
Floods risks are very important to the solar PV plant development. The project is located in the Dera
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Ismall Khan district which is prone to flooding (see Figure 3-15).
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Figure 3-15. Flood extent in the Dera Ismail Khan district (Source: PDMA Report on Chitral
and DI Khan District)

During the Geotechnical Investigation boreholes up to Sm depths were drilled. The ground water was not

observed in the drilled boreholes, According to the report, the area contains the ground water at a depth
of 100-2G0m. '

It is recommended to implement the flood measures when building the PV piant These measures will be
included as part of the Environmental Managament Plan.

3.10 Ecological resources

3.10.1 Flora

The site does not have any protected flora. Only few bushes and trees were found of 0.5m to 6m height,
including Vachellia, Nilotica, Calotropis, Procera, Centaurea, Moschata, Prosopis, Juliflora, Solanum,
Surrattense, Tamarlx, Aphylla, Acacia Modesta, Calotropls Procera, Haloxylon, scattered from each other
(see Figure 3-16 and Figure 3-17). There are no threatening or endangered specles as indicated by IUCN
red list of the specles, There Is no any environmentally sensitive area located in.or near to the-buffer
zone of the project. There is no impact of project activity on environmental sensitive area.
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Figure 3-16. Plan of the Trees and Bushas on site

Y

Coordinates
Piot Corner 1.

Tree:

"

31°57'32.7"N 70°16'40.2"E
Height of Tree (approx.) 4.8 Meters

Vachaellia Nilotica (Kikar)
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Coofdinates

Plot Corner 1

. 31°57'32.7"N  70°16'40.2"E

Helght of Tree (approk.)

3.048 Meters
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Coordinates _31°57'33,1"N 70°16'12.1"E

Height of Tree {(approx.) - 3m

Figure 3-18. Tree on site

Vegetation around Plot Corner

Coordinates: 31956'52,5"N 70°16'08,4"E

3
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3.10.2 Fauna

Cattle and llvestock {cows and goats) was observed during the site visit. Apart from that there are other
species present in the area like diversified lizards and snakes. R

3.10.3 Aquatic biology and fisheries e

No aquatic biclogy or fisheries were observed within the site premises. The closest river Is 3km away
from the site.
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3.11 Human and economic development

During the visit, no security force / squad escorted the visiting team. The local residents, when
interviewed, also confirmed that there are no security Issues in this area. Additionally, no surrounding
residents disturbed the visiting team,

There Is no human habitation inside the plot, However, there are residents belonging to Batcha Abad
(500 meters from the PV plant location) found outside the plot at north-west side and there is also a
Frantier Constabulary {paramilitary for providing security in the area) installation. The socio-economic
profile of the vilage is summarised in the Table 5,

Table 5. Batcha Abad village socio economic situation

Viliaga

Batcha Abad

Houses in a Village

70

Household Size

12-15 persons

Estimated Population of Village

1,000

Primar_'y School’

For Boys and Girls

Middle Secondary and High School a

No. (Available in Lonl)

Litaeracy Réte

~ Very Low (Most of the girls in village don't get

education after primary)

Source of Income

Major source of income are selling animals and
their by-products (Milk, Butter, eggs)

Average Income of Household

12000-15000

Animals

Goats: 30-40 per household

Cow: 5-6 per house

Hospital/Basic Health Unit

No (Nearest dispensary I$ in Loni and Hospitaf is in
Kulachi).

Diseases

Normal Fever, Malaria, Typhoid

brinking Water

Available through tube well

: Sewerage System Pit Latrine
Cast Gandapur
Communication Mobile Service availabie

Nature of Houses

Made of mud (Katcha)

: Electricity Availability

6-8 Hours
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Issues: : Electricity
No Road -

Drinking water of animals

3.11.1 Population and communities

Dera Ismall Khan situated on the right bank of the River Indus. It borders Punjab and Baluchistan
provinces, Total area of D.I Khan district is 7,326 {sq km), with population density of 181 persons per sq
km. The total population of .1 Khan district Is estimated at 1.6 million in 2017. )

Based on the site visit report, there is no human activity within the site premises. The nearest
community “Loni village” is located Skm from the site area (see Figure 3-19), The community consist of
mostly “Batcha Abad Residenca” (0.5km from the PV site) and Frontier Constabulary (F.C) Qila (Fort)
(Pakistan Government Security Department at the northwest side. The biggest town “Kulachi” is located
around 16 km from site.

Figure 3-19. Nearby community living near the site
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Figure 20. Loni Village
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Figure 21. Batcha Abad village

3.11.2 Employment

Cattle, agriculture and fisheries are the main sources of livelihood of the rural population. Dates,
sugarcane, mangoes, wheat, maze and cannola are one of the major crops grown in the area. The
district also produces peas and rice.
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3.11.3 Institutions

Local people of the nearby villages have access to urban areas through link roads and public transport
available, : ’

Educationa) and health facilities are available In Kulachi tribe community which is located 16km from the
site,

The district has literacy rate of 31.3% (1998 census) with male literacy rate at 43.19% and female at
17.86%. Looking across regions, the region has 14.75% of urban population and 85.25% rural
population, :

In Kulachi there are 9 hospitals available based on the World Health Organisation {WHO) analysis.
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4 ANALYSIE OF PROJECT ALTERNATIVES

Based on the State of Industry Report 2016 produced by the National Electric Power Regulatory
Authaority, the total generation capacity of Pakistan in 2015 is 25GW, consisting of the following

generation resources:

Table 6. Total Generation Capacity in Pakistan in 2015 (Source: N

A e

H;c;rop;o@ér - 7,11_5 o ”28% 1,908
Thermal 16,619 66% 60,503
Nuclear 787 3% 3,854
Wind 306 1% 732
Solar 300 1% 230
Bagasse 146 0.6% 547
Total 25,374 67,774

Around 65.5% of thermal power plants use oil, natural gas and coal, Overall the consumption of fuel is
as follows: '

Furnace Oil . 8.2

Diesel Oil 0.57
Coal 6.07
Total ‘ 15.7

The demand is driven by resldentlal customers who consume around 45% of the total electricity
consumption, Araund 35% Is consumed by Industrial sector, whereas agricultural sector consumes 10%
and commercial 6% of total electriclty consumption. Electricity demand is growing year on year on

average of about 4% In the least 4 years.
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Table 7, Eiectricity Consumpfion in Pakistan

~ SRS U, R T S A
Wh) 34,767.29 35,404.35 38,811.30
Commercial (GWh) 5,690.00 5,940.00 6,299.50 6,437.89 7,096.43
tndustrial {GWh) 21,741.28 22,086.44 24,118,80 24,917.32 24,977.75
Agricultural (GWh) 8,543.79 7,699.34 8,289.49 8,015.97 8,525.27
Public Lighting (GWh) 480.88  498.09  495.90  501.31  457.63
Bulk Supply (GWh) 3,404.33 4,095.95 4,263.55 4,256.07 3,550.90
| Others 1,124.14 201.18  228.40  46.02 1,149.49
Supplied by PEPCO to K-EL . 5,683.67  5,463.00 5,441.00 5,427.00 5,055.00
Total (GWh) 81,435.38 B1,388.35 87,947.94 89,929.48 94,353.47
Growth 0% = 8% 2% 5%

It is expected that the demand will continue to grow on average rate aof around 6% each year. In order
to meet the rapidly increase demand additional generation capacity needs to be added to the system,
Pakistan already is experiencing a deficit of electricity suppiy of around 335MW.

4.1 "No Project” Option

This case is if the project would not go ahead, hence the potentlal S0MW of solar capacity would not be
added to the system. Such a case would negatively influence electriclty cansumers and Pakistan would
still be forced to import electricity. Shortages in electficity also negatively influence commercial and
Industrial services provides thus influencihg negatively overall econdmy of the Pakistan. Hence, this
option Is not valid. ‘

4.2 Alternative technologies

As shown In Table 6 the electricity generation Is mostly provided by thermal power plants (66%) and
hydropower (28%). Thermal power plants are highly dependent on poliuting fuel such as oil and gas,
which are not environmentally friendly and cause significant pollution. Meanwhile hydropower often
causes significant environmental impact due to changes in water systems, soil degradation etc.

Nuclear power also is a very high risk generation source negatively viewed by the soclety due Lo the
experienced nuclear accidents in the world.

Meanwhile, solar energy Is an environmentally friendly electricity source. It Is also In line with the
Pakistan's Strategy to use more renewable energy sources,
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3 PROJECT COSTS AND BENEFITS

As shown in DNV GL Economic'ai feasibility report the following are the expected costs of the project:

Table 8: Breakdown of CAPEX costs (USD)

EPC costs 55,250,000 0.85 USD/W,

Project development & consultancy 1,500,000 Assumed fixed amount
Financfng costs 1,657,500 3% of EPC costs
Insurance during construction 552,500 0.6% of EPC costs/year
Interest during construction 2,735,744 5.8% interest rate
Total CAPEX 61,695,744

Tabie 9 ]Breakdown of annual OPEX cnsts (USD/year)

7O&M Cost 780,000 - 10% 1BESD/kW/§)ear
General & Administratien Expenses 180,000 100% Assumed fixed amount
Land Lease | 0 100% Not applicable
Insurance During Operation 138,125 100% 0.25% of EPC cost
Total OPEX 1,488,125

For full calculations please see 17-0461-ME-R-01 report.

The benefits of the project are summarised in Table 10:

Table 10. PV Project Benefits

Employment creation Itis expected to employ between 150 and 300 people for the 1
year construction period,

Local business demand During the construction, as well as operation there will be a need
for food suppliers, other contractor, security and drivers who will
further benefits from the project.

Taxes Based on the amount of salaries and expenses to be spent on the
project, there will be a revenue for the government,
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Cleaner air due to less
emissions (positive
impact on health)

Electricity Is one of the main drivers of the emissions in Pakistan.
It is expected that the SOMW project will result in reduced need
for thermal power plants and thus in lower emissions.

Positive image

Due to the solar power plant the area will gain mare positive
image.
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6 ANTICIPATED IMPACTS AND MITIGATION MEASURES

.1 Potential E'mg:;mi:%: Generation Activities

Site preparation and construction typically lasts for approximately one year and solar panels are
expected to be operational for 30 to 40 years. DNV GL has prepared a list of impacts commonly
associated with the development of solar PV projects that will be applicable to this Project. This list,
separated by Project phase, Is provided in Table 6-1 below. The detailed description of project impacts is
provided in Section 6.3.

Table 6-1: Potential Project Impacts

Projact Phase

Sotentisl Project Imipactks '

Construction

Degradatlon of air quality due to dust

Degradation of air quality due to the emission of greenhouse gases {i.e. by using machinery
and traffic)

Erosion and soil compaction

Soil contamination due to accidental spills

Loss of plants on site

Habitat fragmentation )

Surface and groundwater contamination due to accidental spills
Loss or modification of potential wildlife habitats

Disturbance of fauna due to nolse and the presence of workers
Creation of temporary jobs and ecanomic benefits

Site access and land use limitations

Increase in traffic

Modification of the ambient noise levels by activities and presence of workers
Accident and injury

Dewatering

Operations

Erosion and soil compaction

Soll contamination due to accidental fuel spills

Creation of permanent jobs

Surface and groundwater contamination -due to accidental spills
Site access and land use limitations

Visual impact

Accident and injury

Decommissioning

Degradation of air quality due to dust

Degradation of alr guality due to the emission of greenhouse gases
Eroslon and soil compaction

Soll contamination due to accidental spills

Creation of temporary jobs and economic benefits

Site access and land use limitations

Surface and groundwater contamination due to accldental spills
pisturbance of fauna due to the noise and presence of workers
Lass of permanent jobs

Increases to traffic

‘Modification of the ambient noise levels by activities and prasence of workers
Accident and injury
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6.2 Possible Mitigation Measures

The typical approach taken to mitigate potential impacts is as follows:

» Direct prevention - Avoidance of sensitive areas or activities, as practicable; -

» Reducticn ~ Optimization of activities and work schedules, reduction of magnitude, frequency,
extent and/or length through the application of appropriate mitigation measures;

= Restoration and remediation measures — Removal of temporary roads and work areas,
replanting, site cleanup, etc.; and

+ Compensation - Financial or in-kind payments to affected people to compensate for the loss of
use or enjoyment. Protection, improvement or creatien of replacement ‘hab_itat, as applicable.

However, based on its experience, DNV GL has drafted a list of mitigation measufes that are applicable
to the Project in Table 2. Site specific. mitigation measures are provided in Section 6.3.
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Air quality / Noise level

Prepare a Traffic Management Plan (or an equivalent document) to reduce vehicle use
and minimize impacts, including optimize routes and speed limits.

Apply dust suppressors on unpaved roads.

Depending on local feedback, [imit construction activity during daylight hours to reduce
the potentlal impact of construction noise.

Advise nearby residents, as applicable, of significant truck transportation passing
through nearby roads.

Ensure all internal combustioh angines are fitted with appropriate muffler systems.

Soil / Surface and
Ground Water

Inspect trucks and heavy machinery on a regulasr basis,

Equip personne| with emergency spill kits,

Identify refuelling areas and maintenance (located away from vegetated areas).

Train construction and maintenance crews in appropriate responses to accidental spills.

Maintain equipment throughout the construction/decormissioning period to minimize
the potential for accidental releases of toxic fluids.

Ensure Contractors have an Emergency Response Plan (ERP) in place, in accordance

with the environmantal monitoring plan. Train construction staff in the proper
implementation of these plans.

Water consumption

Vegetation

Prepare a Water Management Plan to redcue water consumption.

Identify and delineate work zones prior to undertaking work to minimize the amount of
vegetation that needs to be cleared.

Minimize the overall project footprint,

Prepare Site Restoration Plan once the consturction is finished the site is restored as

much as possible.

Economic and
Community Setting

Develop and Implement program for training and job opportunities for the Project
during construction for local populations.

Public invelvement program

Aesthetic / Visual

Minirnize scarring of the landscape during construction.

Land Use / Previous Site
Use

Provide local and regional authorities with Project Traffic Management Plan {(or an
equivalent document) to avoid any unexpected circulation problems,

Implementation of Safety Accidents and Malfunctions Plan (or an equivalent document)
to reduce workplace safety risks.

Prepare Site Restoration Plan to restore consutrction actlvity consequences.

pe B

)

Alr quality / Noise level

Implement a complaint registry to analyze, foliow up and remedy all valid complaints.

Soil / Surface and
Ground Water

Adhere to operational control procedures for the storage and handling of hazardous
materials.

Train staff In the proper implementation of these procedures.

6.3 Project Impacts Analysis and Mitigation measures

Based on Its experience in conducting Environmental Assessments (EAs) and the features identified in
and around the Project region, DNV GL has prepared an overail evaluation of the Project’s potential
Impacts on envirenmental companents.
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6.3.1 Air quality impacts

The project site is in remote area and hence does not have any industrial polluters or urban traffic.
Nevertheless, the roads used in the closest populated village, Batcha Abad village, are unpaved roads.
Construction-related activities, Including stripping of topsoil, road construction and upgrading,
Installation of infrastructures and electrical lines, as well as restoration of the Project area, have potential
to create dust emissions and temporarily increase particulate matter concentrations.

Additionally, transportation of the project equipment, as well as the traffic generated by workers may
also create minor and local dust emissions, particularly on the unpaved roads that will be used to access
the site. However, no significant concentrations of dust emissions that could affect air quality for a long
period of time are anticipated.

The effect of these activities is also limited only to the Project area which is a largely deserted area with
the closes populated area 500m away from the site, Batcha Abad village. It is expected that dust could
affect construction workers, it is unlikely that it will affect the village.

Nevertheless, if not managed properly, dust could affect workers’ health and safety by increasing
Particulate Matter (PM) concentrations, reducing visibility and creating the potential for accidents.

Greenhouse gas (GHG) emissions associated with the constructian, eperation and decommissioning of
solar energy projects are largely offset by the absence of emissions during the operational phase. As
such, despite the temporary and minor dust emissions anticipatéd to be generated during the
construction phase, the Project is expected to have an overall positive impact on air quality.

To reduce the effect of dust emissions during construction, the following mitigation measures shall be
appiied:

= Use Traffic Management Plan to limit vehicle speeds on unpaved roads (Section 7.3); and .
» Utilize water or a water-based dust suppressor fo control dust; |

» It s recommended to limit constructlon activity during day light;

» Advising residents of increased transportation through the road;

« Utilise transportation that complies with the KPK Quality legisiation;

In order to ensure compliance with the above measures, the following reporting requirements are
suggested:

»  Air quality measurements shall be taken by air quality monitoring devices (such as BAM stations
or other certified devices that can be adjusted to provide the readings in reference to a trusted
source such as Environmental Protection Agency approved menitor) before the construction
starts to establish a baseline; '

e Air quality shall be monitored every day and recordings logged.

The project Is not expected to cause air pollution durlng the operational phase.
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6.3.2 Soil, Surface and Ground Water quality impacts and Water
Consumption

The Praject is located entirely on desert land. Soil will be removed within the project site to prepare it for
the installation of solar power panels. Most impacts to land use are expected to occur during the
construction phase, During the construction, some spills can occur which can contaminate the land.

Land quality shall be ensured through the waste management plan. A Site Restoration Plan will ensure
that temporary construction areas are restored. As a result, the overall impact to land use is expected to
be ron-significant.

During the project construction oil based substances and paint can spill onto the soit and with rain water
can Impact the quality of ground water and surface water. According to the study the groundwater is
located at a depth of 100-200m. The site also contains nullah, which gets filled in during the rainy
seasen, Nullah shall be preserved and no waste shall be stored in proximity of nulfah.

The water is expected to be used for worker consumption such as drinking water, sanitary purposes,
dust management and construction such as cleaning equipment.

The following water resources will be used for project purposes:

» Ground water can be used for sanitary purposes. Ground water shail not be used for construction
purposes.

¢ Potable water can be used for human consumption. Water can be supplied by trucks.
« Nuilah water and nearby river water can be used for construction purposes,

The projécf is expected to have around 200 workers during the peak construction. It is exbected that
per person around 50 litres per day is used. Thus, during peak construction up to 10m?3 per day for 200
workers will be used,

For dust management it is also expected to use approximately 10m? per day. Before PV plant operation,
water will also be used to clean the newly installed PV panels before the plant commissioning and at
plant handover, which for a SOMW PV plant is around 1,200 m3,

During the PV plant operation, the water will be consumed by workers. Additionally, water will be used
for PV panel cleaning.

As described in section 3.9, the Dera Ismail Khan district is a water scarce area and hence water
rmanagement plan will be required to ensure appropriate utilisation of the water. For the Kulachi PV plan
it Is planned to supply the water via a water supply network or using ground wells.

The Project will comply with the following regulations and guidelines to minimize erosion and the Impact
on water resources during construction:

»  Khyber Pakhtunkhwa Environmental Protection Act 2014; and

¢ Khyber Pakhtunkhwa Environmental Quality Standards.
Water management plan will be devejoped for the project to ensure sustainable water use,
Additionally, the area is under a risk of flooding. The project design shall consider the flooding risk.
Mitigation measure:

In order to ensure appropriate soil quality the following measures are recommended:
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» As much as possible reuse the excavated soil.

*» Ensure spill basins for the storage of liquids such as oil.

» Inspect trucks and heavy machinery on a regular basis for any spilis.

*  Equip personnel with emergency spili kits.

« Identify refueiling areas and maintenance (located away from vegetated areas).

* Train construction and maintenance crews in appropriate responses to accidental spills.

« Maintain equipment throughout the construction/decommissioning period to minimize the
potential for accidental releases of toxic fluids.

+ In case of oll spills:
o Ensure contracior workforce is trained in handling of chemicals;
o Ensure adequate ventilation;
¢ The area shall be cleared of personnel;
o Use PPE such as safety boots, gloves, eye protection, respiratory protection;

o Sufficient number of spill kits shall be available at the site, Including any fuel storage
areas, maintenance areas and refuelling areas;

o A spill kit shall contain (but net limited): =
= Absorbent material;
= Shovels;
»  Empty bags for collecting contaminated material;
= Abscrbent sheets; and
»  Absorbent socks to stop the spilled material.
o Do not use water or agueous cleansing agents;

o Identify the type of spill (Safety Data Sheets shall be avallable for any products being
used during the construction and operation pf the plant};

o Use spill kit to clean and remove the contaminated soil, Appropriate absorbent shall be
used to neutralize the spill (refer to the product Safety Data Sheets to identify the
absorbent to be used). S

Ensure Contractors have an Emergency Response Plan (ERP) in place, in accordance with the
environmental monitoring plan. Train construction staff in the proper implementation of these plans.

In order to ensure appropriate water quality the following measures are recommended:
+ Develop and implement appropriate waste management plan (See Section 7.1);
» Inspect trucks and heavy machinery on a regular basis to prevent any oll leaks;
» No waste shall be stored within the nullah or within Its proximity;

* Develop and implement water management plan (See Section 7.2);
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*  All the water plumbing shall be regularly inspected. Any identified leaks shall be repalred straight
away;

+ Water efficiency devices such as self-closing taps, pressure reducing valves, low flow shower
heads, toilets etc. shall be instalied;

+ TBT talks shalt be contacted on water efficiency by the HSE Manager; and

¢ Cleaning of vehicles shall be minimised whilst still ensuring best maintenance practices. It is
recommended to clean vehicles in urban areas instead of on site.

Reporting requirements:

¢ Daily checks shall be performed to ensure appropriate waste management procedures are in
place.

»  Dally chacks shall be performed to ensure appropriate water management procedures are in
place.

¢« HSE Manager shall keep records of supplied water;
» Leak inspection results shali be recorded in the log;

s Quality checks of potable water shall be assessed,

6.3.3 Ecological and natural resources impacts
The majority of the Project area is deserted and there were no protected species identified.

Vegetation clearing is the activity that will impact ecological and natural resources during the Project’s
construction phase. -

Mitigation measures:

To minirmise the impacted area work zones shall be identified to minimise the amount of vegetation that
needs to be clearad.

A Site Restoration Plan will be prepared to ensure that temporary construction areas are restored to their
natural state, As a result, the overall impact to land use Is expected to be non-significant.

6.3.4 Noise level impacts

As the Project area is relatively remote and human presence (s rare, ambient noise consists mostly of -
wind. Noise from trafflc and construction activities will temporarily increase noise levels near access
roads and around work sites, which will also impact the Batcha Abad village. Construction-related noise
will mostly occur during daylight hours. Any impacts are expected to be minimal and temporary.

Mitigation measures:

1t is recommended to use fow rated equipment and control the timing of noise to least disruptive
periods, It is also possible to Install a noise barrier if needed to comply with the regulation. The noise has
to comply with the Khyber Pakhtunkhwa Environmental Quality Standards as follows:
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1 Residential Area(s) 55 as
2 Commercial\area (B) ' 65 55
3 Industrial area (C) 75 65 |
§7"4 Silence Zone (D) 50 45

Table 3. Neise Level limits as per National Environmental Quality Standards for Noise,

Pakistan
Reporting requirements:
* Noise impact shall be monitored to ensure compliance;

* Any complaints related to nolse shail be addressed appropriately.

6.3.5 Aesthetic/visual impacts

Temporary visual impact will be created due to the construction activities within the project. During the
operation PV power panels will create further visual impact. However, generailly PV panels do not cause
concerns amongst the inhabitants. The closest village is within 500 meters from the project site. It is

expected to have a wall along the site perimeter.

6.3.6 Transpaortation infrastructure

The Project will use existing roads to the extent possible. Unpaved road of approximately 4.5 km will be
used to access the praject site. This road needs to be developed enough so to enable travel of containers
carrying truck/trailers and low bed trailers for transporting substation transfermers and other

equipment’s.

Additionally, the project wili be located on top of the unpaved road which is used for transpertation
purposes, As part of the project a traffic management plan wili be deveioped and a side read will be
developed to go around the project site. Any damage on the roads close to site proximity resulting from

the project will be repairad.

No impact on Transportation infrastructures is anticipated during the operations phase.

6.3.7 Economic and Community Impact

It Is expected that during the construction peak around 200 workers will be used. Therefore, there will

be potential the following Impacts on the nearby community:
+ Influx of workers of different cultural and national backgrounds;
. .Potential for communicable diseases; and
» Cultural differences amongst workers and the local communities;
o Security risks.
Mitigation measures:

+ Locals should be priaritised in terms of job opportunities;

» Training program shall be developed for local populations;
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s Public involvement program shall be organised;

« - Traffic Management Plan shall be pravided to the local authorities to ensure full consideration of
the reguirements;

+ Any local cultural differences shall be considered;

« Appropriate vaccinations shall be ensured;

* Health checks shall be regularly performed on the workers;
+ First Ald shall be available;

« Site shall be secured;

» Health and Safety Plan shall be implemented.

Reporting:
» HSE Log
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7 ENVIRONMENT AND SOCIAL MAMAGEMENT PLAN

7.1 Waste Management Plan

Objective

This procedure has been developed to ensure sustainable waste practices and support with the waste
management In Pakistan in line with the Pakistan’s Solid Waste Strategy and the Guidelines for Solid
Waste Management,

Reles and Responsibilities

Project Management shall support HSE Manager In actlvities and emphasise the commitment to the HSE.
There should be a dedicated HSE manager on site who wilt de the following:

Ensure implementation of the Waste Management Plan;

Educate all project employees about sustainable waste practices;

Monitor the implementation of the Waste Management Plan;

Ensure that only trained personnel is handling waste;

Ensure any waste incidents are addressed; and

Prepare report on compliance with the Waste Management P"E'an i
Waste Management.”

Workers are responsible for:

Procedure
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n line with the Guic{glines for Solid

Compliance with the Waste managemenf plan;

Informing HSE Manager of any waste related incldents.

Waste Management shall be in line with the local municipality requirements.

Buring the project construction and operation phases the objective shall be to generate as little
waste as possible. The priority should be given to prevention/minimisation of the waste. Where
waste cannat be prevented, every effort shall be implied te reduce the amount of waste.
Opportunities shall be thought whera waste can be reused or recycled.

Waste must be managed In compliance with the KPK Waste Management Standard.
Waste shall be separated between hazardous and non-hazardous, and liquid and solld.

Hazardous waste is waste that Is reactive, corroslve, ignitable, oxidizer or toxic, l.e. used
vehicles oils, generator machinery oll, contaminated soll. Hazardous waste shall be clearly
marked as hazardous and stored in a lockable fenced area with the plastic sheet cover on the
floor to prevent soil contamination. '

Non-hazardous waste shall be split Intg: arganic waste (food), inorganic waste (plastic, paper,
cardboard), sanitary (septic tanks); construction waste (glass, concrete, brick, clay), metal scrap,
and wood scrap. Every effort shall be undertaken to recycle the waste where possible,

FAS Solar PV PLant
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* Uncontrolled waste discharge is forbidden. Any spillages shall be prevented as much as possible.
Waste shalt be stored in appropriate containers. There should be sufficient centainers provided
far different types of waste. Spill kits shall be available at site and used iImmediately in case of a
spill.

* Itis forbidden to dispose any solid or liguid waste by burying, burning, or dumping on land or
inte water courses.

» Final disposal of the waste shall be to an approved disposal facility.

* Contractors and employees shall ensure proper waste disposal coordination In line with the KPK
regulations and local authoritles,

*  All employees shall be trained in appropriate response to accidéental spills.

* Emergency Response Plan shall be developed and the staff shall be trained what to do in case of
emergency. ‘

* Al waste generated on site shall be regularly removed to the waste disposal facility.

= Waste storage facility shall be kept tidy and continuously fumigated with appropriate
disinfectants. It shall be located away from any offices, production areas, traffic routes or
accommodation facilities. It shall be designed to prevent and run off and spiils.

*  Waste shall be handled by trained employees, who use PPEs.

= Waste management plan shall be communicated to all workers. Regular TBT shail be held about
appropriate waste management. '

*  When transferring waste, the containers with waste shall be sealed and labelled with a clear sign.

Monitoring and Reporting

Project area shall be routinely inspected for any spills and ensure compliance with the waste
management procedure. HSE Manager shall record any non-compliances such as uncontrolled waste
discharge, not using PPE, not using labelling and other incompliances.

HSE Manager shall keep Waste register of produced hazardous and net hazardous waste indicating:
*  Type of waste;
v Characterization of waste;
*  Produced/delivered quantity of waste;
~ = Tréatment/disposal method; and
= Entrusted waste service provider,

HSE Manager shall produce on a monthly basis a Waste Management Report in line with the guidelines
by KPK.

Daily checks shall be performead observing any incompliances related to waste management.
Observations shall be recorded Into a log.
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7.2 Water Management Plan

Objective

This procedure has been developed to ensure sustainable water practices and ensure compliance with
the National Environmental Quality Standards on water.

Roles and Responsibilities

Project Management shall suppart HSE Manager in activities and emphasise the commitment to the HSE.

There should be a dedicated HSE manager on site who will do the following:

Ensure implementation of the Water Managerment Plan;

Educate all project employees about sustainable water practices; -
Monitor the implementation of the Water Management Plan;
Ensure any water leakages are addressed; and

Prepare repert on compliance with the Water Management Plan.

Workers are responsible for:

Compliance with the Water Management Plan; .., -

Informing HSE Manager of ahy water related incidents,

Procedure

The water will be used In compiianée with the KPK and water supply network.

Potable water shall comply with the National Environmental Quality Standard on Water. Sample
of drinking water shall be tested by the KPK. Water quality shall be assured by checking the
water quality certlficate from the supplier.

Records of the supplied water shall be kept. Supplied water shall be kept in water tanks with the
sealed cover to prevent contamination. )

Water leaks shall be prevented. Plumbing shall be regularly inspected. Any water leaks shalf be
immediately reported to the management and health and safety officer. Any identified leaks shall
be repaired as soon as possible.

Employees shall receive a regular briefing about the importance of minimizing water
consurnption and effictent use of water,

Devices that help to reduce water i.e, self-closing taps, pressure reducing valves shail be
installed, If possible, the use of treated wastewater shall be considered for the cleaning of
vehicles for instance,

Any water taps shall be closed when not in use,
Any water bodies (such as nullah) cannot be contaminated with any type of waste.

Water shall not be stored near waste storage argas.
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Mmitorifsg and Reporting

Project area shall be routinely inspected for any leaks. The HSE inspection checklist shall be available for
reporting purposes, HSE Manager shall record any non-compiiances such as left water tabs open, water
spills and other incompliances.

Impact of water consumption on the community shall also be reviewed if complaints received by the
nearby cemmunity.

7.3 Traffic Management Plan

Obijective

This procedure has been developed to ensure prevention of any traffic incidents associated with the
project construction and operation,

Roles and Responsibilities
Project Management shall support HSE Manager in activities and emphasise the commitment to the HSE.
There should he a dedicated HSE manager on site whao will do the following:
» ri‘Eriéur:e‘implementation of the Traffic Management P!é‘h;t -‘
*  Educate all project employees about Traffic Management Plan;
= Monitor the implementation and compliance with the Traffic Management Plan; and
* Prepare report on compliance with the Traffic Management Plan.
Workets are responsible for:
= Compliance with the Traffic Management Plan;

= Informing HSE Manager of any traffic related incidents,

Traffic Management Plan

The table below provides the plan for traffic management at the site:

Traffic Menagement Measures | Responsibilities | Monitoring requirements | | Schadule
Vehicle security checks for access 1 Security HSE Manager shall monitor the Daily
i.e. vehicle identification, driver o following:

Logistics

identificati . .
tion Manager - Security requirements are

clear to all personnel

- Security requirements are
being followed through

Schedule of vehicle traffic Logistics HSE Manager shall monitor the Daily
Manager following:

- Schedule of vehicles shall
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be up to date and available

- Vehicle traffic schedule
does not cause any
grievances to the
community and shall be
suitable for the project
requirements

prevent from falling.

Safe driving practices i.e. driving, | Logistics HSE Manager shall monitor the Daily
speeds limits, read signage Manager following:
- Safe driving practices are
follow through at all times
Parking requirements Logistics HSE Manager shall monitor the Daily
Manager foilowing:
- Parking area shall be clear
and way from pedestrians,
it shall be well lit.
Vehicle compliance and safety Logistics HSE Manager shall monitor the Daily
checks Manager following:
- Safe driving practices are -
follow through at all times;
- Ensure vehicle compliance
with the regulations through
inspection of the vehicles.
Vehicle access and exit gates Logistics HSE Manager shall ensure that Daily
Manager vehicle access and exit gates are
safe and suitable for purpose.
Vehicle roads Logistics HSE Manager shall ensure that Daily .
Manager the roads are safe and suitable
for purpose.
Management of traffic related Logistics HSE Manager shall conduct Daily
- accidents Manager training to prepare for traffic
incidents to ensure all workers
are aware of who to inform and
where to call and where to find
First Aid,
Truck load management Logistics HSE Manager shall ensure that Daily
Manager track loads are _coverecl to
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Traffic Management Rules:

= Traffic shali be segregated between vehicles and pedestrians on site,
= Only specialised employees are allowed to operate mobile equipment;
= All traffic rules and driving rules shall be complied with;

= Vehicles shall be compliant with the National Environmental Quality Standards for motor vehicle
exhaust and noise;

« Inspection shall be carried out of the vehicles and mobile equipment as per their standard;

» There shall be coordination conductad with the local traffic authority to restore any damage done
to existing roads;

* Logistics provider shall coordinate the transport in line with the local legisiation, including
scheduling, authorization, safe operating procedures, safety inspections, parking;

= Vehicle entrance and exit shall be clearly marked and shall have separate gates;
=  All drivers shall have a current driver licence and training;
= Truck lpads shall be coverad to prevent load from falling off;

= Car parks shall be clearly marked and well lit. They shall be located separately from the
construction activity; ’

= Speed limits and signs shall be clearly Indicated; and

»  Rpads sHaII be firm.

Monitoring and Reporting
All incidents reported shall be recorded in the register,

Daliy driver and vehicle inspection shall be conducted by the operations manager.

7.4 Safety and Emergency Plan
Objective

This plan has been developed to ensure efficient and fast response in case of emergency.

Roles and Responsibilities

Project Management shall support HSE Manager in activities and emphasise the commitment to the HSE.
There should be a dedicated HSE manager on site who will do the following:

»  Provide training on safety and emergency procedures;

« Analyse the incident and prepare a strategy on lessons learned to prevent incident from happening
in the future; and

*  QOrganise Emergency drills.
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Workers are responsible for:

Comply with the Emergency Plan; and

Emergency Management Plan

Be aware of what needs to be done during the emergency.

Tihe table below provides the plan for emergency at the site:

Reguirements

' Responsibilities

Brop Maonitaring ';‘equirémemg 5ah§g§ui’e
Fire All warkers shall be aware of fire Fire wardens HSE Manager shall monitor  Fire drills
safety shall be the following: shall be
All workers shall know how to use appointed - All workers undertook . co'nflucted
fire extinguisher HSE Manager a fire safety training mt.nlmum
, shall ensure the (including location of twice per
All workers shall be informed of fire ) ) year,
exlts : requirements are . emergency exists,
met how to use fire Fire safety
Al workers shall have participated extinguishers, trainings
in fire drills and shall know the emergency phones, can be
procedure in case of fire whom to contact.) undertaken
Extinguishers shall be available - Drawings with the once every
' throughout the site and especial emergency exits and 2 years.
ciose to fire sources, dire extinguishers - On
- All fire extinguishing equipment shall be clear mductxlon
shall be in compliance with the = Fire evatuation plan fire exits
Pakistan legislation. shall be displayed and.
equipment,
All workers shall have access to the as well as
phone to call in case of emergency emergency
numbers
shail be
explained
to the
workers,
First Aid All workers shat! be aware of where | HSE Manager HSE Manager shall moniter | Dally

First Ald is available and shall be in
compliance with local legislation.

All workers shall have access to the
phone to call in case of emergency.

All workers shall be trained in CPR.

On site there should be at least one
first aid person who is qualified in
this area.

First kits shail be distributed to ali

shall ensure the
requirements are
met

the following:

Ensure a dedicated
Frist Aid person is on
site

Ensure everybody
received the
appropriate training

Ensure first kits are
available
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workers, as well as be available on
site.

Health Clinic shall be avaitable on
site.

Signs

Signs shall be used to enforce HSE Manager HSE Manager shall ensure Daily
safety such as “no entry”, use of shall ensure the | full compliance.
PPE, warn of fire hazards, inform of : appropriate use
emergency exits, inform of toxic of signs.
materials, etc. These shall be in .
compliance with the Pakistan
legisiation.
Evacuation ; Evacuation map shall be clear and HSE Manager HSE Manager shall ensure Daily

available to everybody.

shall ensure the

map is available

and drilis have

been conducted,

full compliance.

Emergency Procedure:

Upon emergency the following people shall be contacted:

s HSE M_anager;

= HSE Manager deputy (in absence of the HSE Manager);

» Site Manager;

= Project'_Manager;

= Emergency Response Team such as police or ambulance as deemed necessary.

The personnel shall be evacuated promptly.

If safe to do so, witnesses of the emergency shall try to eliminate the danger,

HSE Manager or deputy (In case of the absence of HSE Manager) shall ensure that persennel is available
to ensure the Emergency Response Team help can arrive quickiy to the site. This can be done by sending
personnel to show the way to the emergency location,

The scene of emergency shall be gulded:

= Public shall not be allowed to come to the scene;

» QOperation of the Emergency shall be facilitated as required;

HSE Manager shail debrief personnel about the emergency and on the way forward, as well as actions to
be undertaken to prevent the emergency from occurring.
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Moenitoring and Reporting

All incidents reported shail be recarded in Ehe register, including actions to be undertaken based on the
learnings from the incident, who is responsible for actions to be undertaken, and what is the timeline for
follow up actions.

7.5 Grievance Redressal Mechanism

FAS Solar Power Pakistan aims to implement holistic practices whereby any grievance from the
community or from the workers Is efficiently recorded and addressed. This mechanism will be used to
address any complaints that arise.

HSE Manager will facllitate the Grievance Committee which shall ensure the efficient addressing of any
complaints related to the project. The Grievance Committee shall include representatives from the local
municipality and authorities as mutually agreed, as well as slte HSE manager and site project manager.

The Grievance Committee shall astablish an individual representing the communities nearby to the
project site, i.e. Batcha Abad village and Loni Village representative, who will be communicate any
complaints related to the project,

HSE Manager in liaison with project manager shall organise community meetings to inform of the project
and address community concerns.

Any individual shall pass the complaint either to the community representative or Grievance Committee
or-directly to the HSE Manager and Project Manager. Any recelved complaint shall be logged in
complaints register. The complaint shall be aimed to be resolved within 1 week by the HSE Manager and
Project Manager. Resolved complaint shall be communicated back to the person who raised the
complaint or to the community representative. Complaints register shall then be updated with the
description of how the complaint has been solved and how, ’

In case the complaint is not resolved, it should be further discussed by.the Grievance Committee to
agree on the next steps to sclve the complaint. If the compiaint is still not resolved, it should be
addressed following tocal legal processes.

All the complaints shall be registered in the Complaints Register, including the following information:
1. Data the complaint has been raised;

Name of the person complaining and.contact details;

Detalls of the complain;

Actions to be taken to address the complain;

Person responsihle to addréss the complain;

Target date to impiement the measure to resolve th.e complaint;

Measure that was undertaken; and

Data for the complaint resolution.

Complaints shall be discussed during the weekly HSE meetmgs and shall be summarised in Monthly HSE
reports.

7.6 Reports and Documentation
The HSE Manager will have the following records ready:
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Daily logs of the following:

o Air quality compliance;
o Water management compliance;
o Waste management compliance;
o Incidents recorded;
o Near misses recorded;
o HSE inspection log; and
o Traffic management compliance.
Weekly HSE meeting minutes;
Monthly HSE Report, which shall include the following:
o Checks performed on the daily basis
o Non-compliances registered;
o Actions taken to remove non-compliances;
o Water consumption statistics and compliance with Water Management Plan;
o Waste generation statistics and compliance with the Waste Management Plan;
o Compliance with the Traffic Management Plan, including Vehide inspection. checklists;

o Any complains recorded and actions to address them,

7.7 Environmental and Social Trainings

MSE Training Plan will be developed to address fully HSE awareness, All new joiners shall have an HSE —
induction training which provides information on the Environmental, Health and Safety management
pians. Weekly HSE meetings shall be held reporting on any observations and ensuring measures are
implemented.

Workers shall also have the following mandatory training:

Waste Management;

‘Water management;

PPE use;

Workers who working with any machinery shall have appropriate training to operate the
machinery;

Fire Prevention and precautions;
First Aid;

Incident reporting;

HSE standards and regulations;
Emergency proceduras;

Risk management;

Social impact.
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7.8 Public Consuliation angd Disclosure

7.8.1 Public consultation

The community {iving in the most nearby area, namely, Batcha Abad, was consulted regarding the
Project.

Figure 22. Consulted Community in Batcha Abad

Details of Persons Consulted:

Table 4. Details of persons consulted

- a

sk AT

| Khan Muhammad 01-01-1992 N 12102-5396789-5
Jan Muhammad 02-06-1987 12102-4513851-1
Nauman 01-01-1688 12102-9465269-5

{ Ghulam Qasim 40 T 12102-9272399-9
Tahseen Khan 01-01-1984 . 12102-1478000-1

i

The community was briefed about the project and was asked whether they have any concerns about the
project. Their opinion was that the development of the project is in favour of the community. The
community was interested in any job opportunities that might result as a result of the project.
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7.8.2 Public Disclosure Requirements

FAS Solar Power Pakistan wlil disclose this IEE and EMP to all the stakeholders in accordance with the
national legislation.

7.9 Community Involvemeant / Development plan
Objective
This plan is to ensure all of the stakeholders are identified and engaged as needed during the power
plant construction and operation. Key abjectives of the plan are summarised below:
« Identify key stakekolders of the project, namely, who are Impacted by the Project;
» Provide methods of preject information dissemination;
»  Develop stakeholder engagement process to build beneficial relationships;

« Define reporting and monitoring measures for stakeholder engagement.

Roles and Responsibilities
Project Management shall support HSE Manager in activities and emphasise the commitment to the HSE.
There should be a dedicated HSE manager on site who will do the following:
= Ensure implementation of the Comrvrnl.uni.ty Involvement and Development Plan;
= Monitor the implementation of the Community Involvemenit and Development Plan; and
= Prepare report on compliance with the Community Involvement and Development Plan.
Workers are respensible for!
« Compllance with the Community Involvement and Development Plan;
» Informing HSE Manager of any comimunity related incidents and feedback;

»  Behave in line with the worker code of conduct,

Plan
General reguirements
General requirements for stakeholder engagement:

«  Management shall demonstrate transparency with the community by providing responses in a
timely and informative manner;

» Management shall aim to achieve trust and respect from the community by taking into account
the cultural beliefs and values of the stakeholders and creating open dialogue with the
communities,

Stakeholdar identfication

The following stakeholders are directly impacted by the project:

» Local communities;
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Local businesses; and

Project workers.

The following stakeholders are indirectly impacted:

Local Municipalities;
Lenders;

Governmental institutions;
Utility;

Network Operator;

Ministries,

Sharing of Information

The following information shall be disclosed to the stakeholders:

Stakeholder | Information to Tine Cﬁmmunimtiar&_fyae&
type share -
Local IEE Non-Technical Once ready Waebsite, at the offices, at
community and | Summa the municipality offices.
busi Y Y Once available cipality
usinesses . ) . .
Any job vacancies en Once read Vacancies can be
the plant 4 advertised following the
" best locally pref d
Grievance ' VP Er'je. .
method for advertising i.e.
procedures .
: noticeboards.
Meeting with the
cormnmunity shall be
arranged prior to the start
of the project construction
to inform the community
about the project schedule
and opportunities, raise any
community concerts.
PV plant Safety Policy Before starting the recruitment, Website, via email,
workers . . the policies shall be available noticeboards, induction
Environmental Policy . .
_ training, regular meetings
Grievance Procedure (TBT)
Code of Conduct
Safety Rules
Local IEE Non-Technical Non-technical summary shall be | Website, sending letters,
municipalities sSummary published once ready. meetings, emails
Reporting of EHS aspects shall be reported as
| BNV GL - Energy FAS Solar PV Plant
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environmental and
social aspects

Deal with the
municipality on the
relevant aspects
such as water
sustainability, waste

per local legislation.

Local municipality shall be liased
with to ensure the waste and
water practices are in line with
their requirements.

management
Lenders Reporting as per As per agreement As per agreement
agreement
EPA, IEE Non-Technical Once ready Website, emails, letters,
Governmental Summa meetings
N nrmary As per Environmental Protection 9
institutions -
. Reporting Agency regulations and
requirements as per | requirements, and any other
local legistation governmental legislations
Utility IEE Non-Technical Once ready Wehsite, emails, letters,
Summary meetings
Network IEE Non-Technical Once ready Website, emails, letters,
Operator Summary meetings
Any relevant ;
information related
to grid connection
Ministries IEE Non-Technical Once ready Website

summary

Monitoring and Reporting

All evidence of any type of communication shall be stored and available. Community Communication
Report shall be prepared once a year to summarise all the communication with the stakeholders.
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8 CONCLUSION AND RECOMMENDATION

In order to identify any environmental impacts the following tasks were undertaken:
1. Topographic study; |

Geological study;

Grid impact study;

Site visit;

L

Stakeholder consultation;
6. Secondary data analysis.

Following the above activitles performed, no major risks have been identified to be caused by the project.
The project is going to be based on the desert land with few trees and bushed within the site perimeter,

The project site does not have any human settlements and hence will not require a resettlement.,
Project Land owners have been consulted with and they have agreed to sell the land,

The closést human settlement to the project is 500 meters away from the project site. The community
has been consulted and they do not see any concerns about the project, The community, however,
expressed an interest in potential job opportunities.

buring the construction the project is expected to cause noise and air impact due to excavatiop activities
and increased traffic, as well as waste creation, .

Durlng the operational stage, the project is not expected to have any impact apart from any potential
waste management l.e. from broken panels,

Baseline activities shall be carrled our prior to the commencement of the project, specifically:
»  Air quality shall be recorded prior to the commencement of the project construction;
»  Water quality shall be recorded in the nearby river prior to the commencement of the project;

» Noise levels shall be recorded prior to the commencement of the project construction.

A list of potential impacts and the recommended mitigation measures are provided below:
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Table 5. Summary of identified impacts and recommended mitigation measures for the project

Component

“Construction and Decommi

Ajr quality

Use Traffic Management Plan (Section 7.3) to reduce vehicle use and minimize
impacts, including optimize routes and speed limits, and ensure good maintenance.

- Apply dust suppressors - water shall be sprinkled daily or when there is dust problem

an the exposed surface.
Excavated soil shall be covered, including within the site and when transporting.

Advise nearby residents, as applicable, of significant truck transportation passing
through nearby roads.

Utilise transportaiton and aquipment in line with the KPK Quality legislation.

Air quality measurements shall be taken before the construction starts to establish a
baseline;

Ajr quality shall be monitored every day and recordings fogged.

Noise level

Use Traffic Management Plan {Sectlon 7.3) to reduce vehicle use and minimize
impacts, including optimize routes and speed limits, and ensure geed maintenance.

Depending on local feedback, limit construction activity during daylight hours to reduce
the potential impact of construction noise.

Noise level shall be taken before the commencement of consutrction; and noise shall
be monitored durign the consutrciton to ensure compliance with the requirements.

Noisa leval shall be In compliance with the KPK noise legisfation on,’
Use of proper sllencers, mufflers and personal protective eguipment's;
Any complaints regarding the nosle shall be logged and addressed.
Night-time traffic will be avoided near the communities.

Solt / Surface and
Ground Water and Water
consumption

Usa Water Management Plan (See Sectlon 7.2) to ensure appropriate use of water.
Consider flooding aspects in the PV plant design.

Use Waste Management Plan (See Secticn 7.1) to ensure appropriate waste
management.

No waste shall be stored within the nullzh or within its proximity;
Equip personnel with emergency spill kits.
Train construction and maintenance crews in appropriate responses to accidental spills.

Maintain equipment throughout the construction/decommissioning period to minimize
the potential for accidental releases of toxic fluids,

Ensure Contractors have an Emergency Respense Plan (ERP} in place, in accordance
with the environmental menitoring plan. Train construction staff in the proper
implementation of these plans.

All the water plumbing shall be regularly inspacted. Any identified leaks shall be
repaired straight away;

water efficiency devices such as self-closing taps, préssure raducing valves, low flow
shower heads, toilets etc. shall be installed;

TBT talks shall be contacted on water efficiency by the HSE Manager; and

Cleaning of vehicles shall be minimised whilst still ensuring best maintenance
practices. It Is recommended to clean vehicles in urban areas Instead of on site.

Appropriate approval shall be received from the authority to utilise ground water and
river water for project purposes,

Proper dralnage system shall be implemented,

Maintenance of vehicle and machlnery will only be carried out at designated places to
avoid any fuel spill,
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Componant

Mitination messure

Waste Management

evel and implement Waste Management Plan {See Section 7.1)
Septic tanks and soak pits will be used.

Use of covered bins,

Use separate bins for recyclable material and other type of solid waste.
Move waste from site on daily basis to avoid odour,

Approved contractors will be hired for the recyclable waste material.

A separate waste area will be allocated for the project.

Debris, waste generated from construction material will be properly stored during the
construction phase and will be removed from the site, once the construction is
compieted,

Ecolegical and natural
resources impacts
(vegetation and fauna)

Identify and delineate wark zones prior to undertaking work to minimize the amount
of vegetation that needs to be cleared.

Minimize the overall project footprint,

Prepare Site-Restoration Plan once the consturction is finished the site is restored as
much as possible.

Personnel working during operational phase of the project will be strictly prohibited to
hunting and trapging of wild [ife

Traffic Management

Implement Traffic Management Plan

There shall be clear separation between pedestrian road and vehicle roads within tha
site ‘ :

Speed limits shail be followed at all times
Follow local driving rules

Road Sign board will be fixed at apprapriate places to reduce safety hazards
associated with project traffic

Project drivers will be trained on defensive driving

Foliow strict code of conduct

Safaty precautions and display ¢n the notice board of entry gate in bath natienal and
local language

Econemic and

Community Setting and
HSE

Locals shall be prioritized for any job opprotunity.

Develop and implement program for training and job oppartunities for the Project
during construction for local populations.

Public involvemant program

Provide local and regional autheritles with Project Traffic Management Plan (or an
equivalent document) to avoid any unexpected circulation problems.

Implerneantation of Health and Safety Incidenis Plan {or an equivalent document) to
reduce workplace safety risks,

Prepare Site Restoration Plan to restore construction activity consequences.
Any local culturai differences shall be considered.

Appropriate vaccinations shall be ensured.

Health checks shall be regularly performed an the workers.

First Aid shall be available.

Site shall be secured,

Implement Grievance Mechanism.

A health and safety' policy will be applied throughout the project and among afl
praoject contractors.

Abida by all national occupational health and safety regulations.
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Component

Mitigetion meaasure

Suitable PPE, training and ongoing safaty checks shall be available.
Equipment periodic maintenance according to manufacturers' schedule.
Follow the Trafifc Management Plan.

The project will create employment opportunities for the naarby areas. All the
precautionary measures as required for the safety of workers shall apply

Take adequate precautions to prevent danger from electrical equipment,
Provide a first aid,
Ensure workers exposed to loud noise wear ear plugs/ear muffs.
Waorkers accommeodation shall comply with the IFC / ADB standards.
FAS Energy, Its contractors and sub contractors comply with the national labor law

‘Oberations Phas

S pE:

Soil / Surface and
Ground Water

Adhere to operational control procedures for the storage and handling of hazardous
materials. '

Train staff in the proper implementation of HSE procedures. -

Waste Management

Impiement waste management plan

Overall the project is feasible and a sustanble option which will result in the following benefits for Pakistan:
s Cleaner Air in the long term — as the project will be using solar resource to generate elecitricyt;

+  Creation of jobs during - the project will employ around 200 people during the peka consutrction, This will bring

increased business to the area; and

= Better reputation for the country - as usage of solar power ls very welcomed by all the communities.

EMP shali be constantly reviewed and updated as needed.’
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APPENDIN A, ENVIRONMENTAL MAMAGEMENT PLAN (EMP)

Issué ;

Ajr Quality

. Impact
category (not
“significant,
minor,
moderate,
-~ major)

Mitigation Measure Monitoring requirements

3
H
2
:

BT w0 R i i

Dust emissions
during
construction
activities;

Fuel combustion
Emissions from
traffic and
machinery

Use Traffic Management Plan | o Ajr quality measurements
(Section 7.3) to reduce
vehicle use and minimize
impacts, including optimize
routes and speed limits, and
ensure good maintenance,

shall be taken before the
construction starts to
establish a baseline;

e Airquality shall be
Apply dust suppressors —

water shall be sprinkled daily

~or when there is dust
prablem on the exposed
surfaca.

monitored every day and
recordings logged.

Excavated soil shall be
coverad, including wlithin the
site and when transporting,

Depending on local feedback,
limit construction activity
during daylight hours to
reduce the potential impact
of construction noise,

Advise nearby residents, as
applicable, of significant truck
transportation passing
through nearby roads.

Utilise transportaiton and
equipment in line with the
KPK Quality lagislation,
Alr quality measurements
shall be taken before the
construction starts to:
establish a baseline;

Air quality shall be monitored
every day and recordings
logged.

Noisa

Machinery and

equipment

Earth works

Use Traffic Management Plan | «  Noise impact shall be

(Section 7.3) to reduce monitored to ensure
vehicle use and minimize

impacts, inciuding optimize
routes and speed limits, and | ,  Any complaints related to

compliance;

DNV GL = Report N, 17-0144-ME-R-01, Rev. A - www,.dnvgl.com Page 71



ensure goed maintenance.
Depending on local feedback,
{imit construction activity
during daytight hours to :
reduce the potential impact
of construction noise,

Noise level shail be taken
before the commencement of
consutretion; and noise shall
be monitored durign the
consutrciton to ensure
compliance with the
requirements.

Noise level shall be in

compliance with the KPK
noise legislation on.

Use of proper silencers,
mufflers and persenal
protective equipment’s;

Any complaints regarding the
nosle shall be logged and
addressed.

Nighttime traffic will be
avoided near the
communities,

noise shall be addressed
appropriately,

» Clearing of small
bushes and trees

» Civil works

« Qil leaks and fuel
spills

¢ Consumption. of
water for
construction,
sanitary and
drinking
purposes.

- (See Section 7.2} to ensure

Use Water Management Plan

appropriate use of water.

Consider flocding aspects in
the PV plant design.

Use Waste Management Plan
(Sea Section 7.1) to ensure’
appropriate waste
management.

No waste shall be stored
within the nullah or within its
proximity;

Equip personnel with
emergency spill kits.

Train construction and
maintenance crews In
appropriate responses.to
accidental spills.

Maintain equipment
threughout the -
construction/decommissionin
g period to minimize the
potentlal for accidental
releases of toxic flutds.

Ensure Contractors have an
Emergency Response Plan

Project area shall ba routinely .
inspected for any leaks. The HSE
inspection checklist shall be
avallable for reporting purposes.
HSE Manager shall record any
non-compliances such as left
water tabs open, water spills and
other incompliances.

. Impact of water consumption on

the community shall also be
reviewed If complaints received
by the nearby community.

Daily checks shall be performed
to ensure appropriate waste
management procedures are in
place.

Daily checks shall be performed
to ensure appropriate water
marnagement proceduras are in
place.

HSE Manager shall keep records
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(ERP) In place, in accordante | of supplied water;
with the environmental

:
monitering plan. Train : Leak inspection results shall be %
construction staff in the . i recorded in the log; -g
proper implementation of . :
these plans. : Quality checks of potable water |
All the water plumbing shall shall be assessed. 3

be regularly inspected. Any
tdentified leaks shall ba
repaired straight away;

Water efficiency devices such
as self-closing taps, pressure :
reducing valves, low flow
shower heads, toilets etc.
shall be Installed;

TBT talks shall be contacted
on water efficiency by the
HSE Manager; and

Cleaning of vehicles shail be
rminimisad whilst still
ensuring bhest maintenance
practices. It is recommended
to clean vehicles in urban
areas instead of on site

4- Ecological and natural resources impacts (vegetation and fauna)

R A

Identify and delineate work 2 Non-compliance chservation lag
. zones prior to undertaking ;

work to minimize the amount :

of vegetation that needs to %

be cleared. :

Minimize the overall project

footprint.

Prepare Site Restoration Pian

once the consturction is

finished the site is restored

as much as possible.

i Vegetation and
fauna

Personnel working during §
operational phase of the . :
project will be strictly
prohibited to hunting and
trapping of wild life

e Work environment Develop and implement . I« Daily logs of the following: §

Health and Safety pragram for training and job o Airquality

i opportunities for the Project compliance;

; + Community Health during construction for local S

; and Safety populations. o Water management
Public involvement program compliance; :
Provide local and regional o Waste management :
authorities with Project compliance;
Traffic Management Plan {or '
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: s_tandards.

an equivalent document) to
avoid any unexpected
clrculation problems,

implementation of Health and
Safety Incidents Plan (or an
equivalent document) to
reduce workplace safety
risks.

Prepare Site Restoration Plan
to restore construction
activity consequences.,

Any local culturel differences
shall be considered.

Appropriate vaccinations shall
be ensured,

Health checks shall be
reqularly performed on the
workers.

First Aid shall be avallable.
Site shall be secured.

Implement Grievance
Mechanism.

A health and safety policy will
be applied througheut the
project and among all project
contractors.

Abide by all national
occupational health and
safaty regulations.

Suitable PPE, tralning and
ongolng safety checks shall
be available.

Equipment periodic
malntenance according to
manufacturers' schadule.
Follow the Trafifc
Management Plan,

The project will create
employment opportunities for .
the nearby areas. All the
precautionary measures as
required for the safety of
workers shall apply

. Take adequate precautions to

prevent danger from
electrical equipment.

Provide a first aid.

Ensure workars exposed to
loud noise wear ear plugs/ear
‘muffs.

Workers accommodation shall

comply with the IFC / ADB

+  Monthly

i shall include the following: |

[s]

o o

i

Weekly HSE meeting
minutes;

Incidents recorded; WE '

Near misses
recorded;

HSE inspection log;
and

Traffic management |
compliance,

HSE Report, which

Checks performed
on the daily basis

Non-compliances
reglstered;

Actions taken to
remaove nan-
compliances;

Water consumption
statistics and
compliance with
Water Management
Plan;

Waste generation
statistics and
compliance with the
Waste Management
Plan;

Compliance with the
Traffic Management. }
Plan, including
Vehicle inspection
checklists;

Any complaints
recorded and
actions to address
them,

Records of Trainings
Health issue logs
Safety incident logs
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FAS Energy, its contractors
and sub contractors comply
with the national labor law.

Management

Cevel and implement Waste
Management Plan (See
Section 7.1)

Septic tanks and soak pits will
be used.

Use of coverad bins. -

Use separate bins for
recyclable material and other
type of solid waste.

Move waste from site on daily
basis to avoid odour.

Approved contractors will be
hired for the recyclable waste
material.

A separate waste area will be
allocated for the project,

Debris, waste generated from
construction material will be
properly stored during the
canstruction phase and will be
removed from the site, once
the construction is completed.

Conduct daily inspections at
the construction site to ensure
removal of construction
debris.

Provide an adequate
treatment facility to treat the
sewage generated from toilets
before discharge.

Stare construction material
containing fine particles in an
enclosure so that sediment
laden water does not drain
into nearby water drains.

Project area shall be routinely

_ the guidelines by KPK.

inspected for any spills and
ensure compliance with the
waste management procedure.
HSE Manager shall record any
non-compliances such as E
uncentrolled waste discharge, not
using PPE, not using labelling and

other incompliances,

HSE Manager shall keep Waste
register of produced hazardous
and not hazardous waste
indicating:

= Type of waste;

= (Characterization of
waste; '

a  Produced/deliversd
quantity of waste;

»  Treatment/disposal
method; and '

= Entrusted waste service
provider.

HSE Manager shall produce on a
monthly basis a Waste
Management Report In line with

Dally checks shall be performed
obsarving any incompliances
related to waste management.
Observations shall be recorded
into a log.

7 - Traffic Management

*  Traffic: Impacts
resulting from
increased traffic
movements

Implement Traffic

Management Plan

There shall be clear
separation between

-~ Daily driver and vehicle

All incidents reported shail be
recorded in the register,

inspection shall be conducted by

pedestrian road and vehicle _
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* Impact on soi
quality and water
quality

roads within the site

Speed limits shall be followed
at all times

Follow local driving rules

Road Sign board will be fixed g

at appropriate places to
reduce safety hazards
associated with project traffic

Project drivers will be trained
on defensive driving

Follow strict code of conduct

Safety precautions and
display on the notice board of
entry gate in both national
and local language

; the operations manager.

Adhere to operaticnal controf
procedures for the storage and
handling of harardous
materials.

» Train staff in the proper

implementaticn of HSE
procedures.

Project area shali be routinely
inspected for any leaks. The HSE
inspecticn checklist shall be
available for reporting purposes.
HSE Manager shall record any
non-compliances such as left

water tabs opan, water spills and

other incompliances.

Impact of water consumption on
the commiunity shall also be
reviewed if complaints received
by the nearby community.

i Daily checks shall be performed
i to ensure appropriate waste

management procedures are in
place.

Daily checks shall be performed
to ehsure appropriate water
management procedures are in
place.

HSE Manager shall keep records
of supplied water;

Leak inspection results shall be
recorded in.the log;

Quality chiecks of patable water
shall be assessed
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« Implement waste management
plan

; Project area shall be routinely

inspected for any spills and
ensure campliance with the
waste management procedure,
HSE Manager shall record any

i non-compliances such as

uncentrolled waste discharge, not
using PPE, nct using [abelling and
other incompliances,

HSE Manager shall keep Waste
register of produced hazardous
and not hazardous waste
indicating:

= Type of waste;

= Characterization of
wastea;

=  Produced/delivered
quantity of waste;

» . Treatment/disposal
method; and

v Entrusted wasta servica
provider.

HSE Manager shalt produce on a
monthly basis a Waste
Management Report in line with
the guidelines by KPK.

Daily checks shall be performed
observing any incompliances
related to waste management.
COhservations shall be recorded
into a log.
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EXECUTIVE SUMMARY

This Grid Intetconnection Assessment (GIA) report provides the documentation of an
assessment that has been perfotrmed for the connection of a 50MW (AC) Solar PV Powet
Generation project by FAS Solar Park to the Peshawar Electric Supply Company (PESCO)

transmission system at 132kV. The ‘S0MW (AC) Solar PV Power Generation project’ located in

‘Tehsil DI Khan, KPK, Pakistan and has a commercial operation date of September 2019. The

project will bé connected by making an In/Out on 132kV Rail Single circuit between
TARGET PP ~ KULACHI Grid Station by a feed length of 2.5km of Rail conductor.

Steady state power flow assessment has been perfétmed using the base case provided by
PESCO. Pre-project power flow study was conducted to analyze the magnitude and phase angles
of bus voltages, line loadings and power flows undet steady-state conditions. Post project power
tlow analysis has also been performed after the interconnection of the ptoposed project with the
PESCO 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 powet flow

ot voltage ratings within the study atea.

Dynamic stability analysis has been performed to access the dynamic impact of the Solarpower - -
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 system.

Short circuit analysis has been perfotmed 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. 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.

Based on the study results, it is concluded that proposed generation interconnection assessment
for 50MW (AC) Solar PV Power Generation project meets the NEPRA grid code planning

criteria.
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1 INTRODUCTION

11 Project Description

This Grid Intetconnection Assessment (GIA) teport provides the documentation of an
assessment that has been petformed by ARCO Energy in response to a request made by FAS
Solar Park “Project Owner” ot “PO”) for the connection of a 50 MW (AC) Solar PV Power
Generation project (“Project”) to the Peshawar Flectric Supply Company (PESCO) transmission

System at 132kV. The PO has proposed a commercial operation date of September,2019 for the

VProjcct.

The project is located in Tehsil DI Khan, KPK, Figure 1.1 shows Google site map of the
ptoject. The pre-project and post-project geographical representation of power plant is shown in

Figure 1.2 and Figure 1.3.
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Figure 1.1: Google Site Map of the Solar PV Power Generation Project.




o

o FAS
LARCO | ENERGY

BOMW Solar Power Plant

KULACHI 132/1 1V

Gomal Zam PP Substation

DI KHAN 132/11 k¥
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TANK 132/11 kV
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Proposed e - ARCO ENERGY
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Figure 1.2: Existing Network around FAS Solar Par’«:

EOMW Solar Power Plant

KULACHI 132/11 KV
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TANK 132/11 kV
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DI KHAN 132/11 kV
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DARABAN 132/11 XV
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Gy
Legend SEETCH-II
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11KV S ——
Proposed . S ARCO ENERGY
DATED: 15-01.2018

Figure 1.3: Interconnection Proposal of FAS Solar Park.
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12 Grid Interconnection Arrangement

The project will be connected by making an In/Out on 132kV Rail Single circuit hetween
TARGET PP — KULACHI Grid station by a feed length of 2.5km of Lynx conductor. The
objective of the GIA is to evaluate the impact of the proposed solar power plant on the PESCO

transmission system.

1.3 Study Components

GIA includes the following three types of analyses to evaluate the impact of interconnecting the

proposed project:

iy Steady state analysis.
1) Dynamic stability analysis.
1i1) Shott circuit analysis.

This report documents the results of th_e_sfeady 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 occurrence of any fault. Short circuit analysis includes pre-ptoject and post.project shost

circuit current levels assessment at different buses in the vicinity of the project.
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2 STUDY METHODOLOGY

21 Study Criteria
GIA has been cartied out based on the National Electric Power Regulatory Authority (NEPRA)
Giid Code planning criteria. Key parameters and tleir cortesponding limits have been

summatized in table below.

Parameter Range
+5 % p.u at load grids
I
Voltage System Intact +8%,-5% p.u at generation switchyards
Contingency 110 % pu
stem Intact 100%
Thermal loading System Lntac ki
Contingency 100%
Nominal 50 Hz
Frequency Steady State Vatiation 49.8 Hz - 50.2 Hz
Contingency Band 49.4 Hz - 50.5 Hz
Lagging 0.95
r
ower Factor Leading — 505
Breaker Short 132 kV 40kA
Circuit Rating 11 kV : 25kA

2.2 Steady State Analysis

The putpose of steady-state analysis is to analyse the impact of the proposed solar power plant
on ttansmission 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 ateas of interest which includes the following areas

within PESCO:
o DARABAN
o DIKHAN
o KULACHI
o TANK

o CHASHMA

i
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221 System Iatact Analysis

The incremental impact of the project on thermal loading of transmission facilities under system
intact conditions was evaluated by compating transmission system power flows without and with
the proposed project. Loadings of the transmission facilities without and with the project wete
tabulated and compared. The ctitetia to flag thermal overloads are 100% of continuous facility

rating (Rate A in the power flow model).

2.22  Contingency Analysis

The contingency analysis for this study consists of single branch (N-1) outage in the study area.

2,2.3 Thermal Loading Analysis
132kV and 11kV tated transmission facilities in the study area have been monitored for thetmal

loadings.

2.24  Voltage Analysis

Voltages at buses inside the study area havé been monitored for possible pre and post project
voltage violations in accordance with NEPRA Giid Code guidelines. In accordance with these
guidelines, those buses that have a voltage change of more than 5% pi: System Intact

condition) and +10% p.u. {contingency condition) are considered affected. ‘

2.3 Dynamic Stability Analysis

The purpose of dynamic stability analysis is to analyse the impact of the proposed soler power
plant on transmission system facilities under transient conditions. The system is considered to be
stable if the systern recovers with good damping after the transients die out and the synchronism

is retained.

Fault cleating time for different voltage levels in accordance with NEPRA Grid Code guidelines

is presented in table below.

Voltage Level Fault Type Fault Clearing Time
11kV 3-Phase 9 Cycles (180msec)
132kV 3-Phase © 5 Cycles (100msec)

132kV (Stuck
-P 180
Breakes) 3-Phase 9 Cycles (180msec)

2.4 Short Circuit Analysis
The putpose of short-circuit analysis is to investigate the fault cutrent levels at neatby
substations without and with the proposed project online. And to check whether the calculated

pre-project and post-project fault curtents are within the circuit breaker interrupt ratings. Short
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circuit analysis has been cartied out by applying the critetia as mentoned in the TEC-60909

standard.

Key assumptions in IEC-60909 ate given below.

o}

Tap ratios to unity
Line charging to zero

Shunts are set to zero in positive sequence

Desired voltage magnitude at bus bars is set to 1.1p.u in maximum fault level.

rrrrrr
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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
Genetation size of each collector (MVA) 10
Active Power of each collector Pgen. (MW) 9.5
Powet Factor 0.95 lagging, 0.95 leading
Qmin, Qmax (MVAR) 73.1225,3.1225
Rated Frequency ' 50 Hz
Generation Voltage 0.4kV
Xsource o

Switchyard Transformers

‘No. of Transformer units 2
MVA Capacity of each GSU 50
Rating 33/132kV
% Reactance (X) 7 13%

(Xtve) = (Xzero)
At 100MVA systein base.

0.26 p.u

Generation Step Up (GSU) Transformer

No. of Ttansformer units 5
MVA Capacity of each GSU 12.5
Rating 0.4/33kV
% Reactance (X) 9%

(X+ve) = (Xzero)
At 100MVA system base.

0.72 p.u

Steady state power flow assessment has been performed using the already available netwotk data

of PESCO.

3.2 Pre Project Power Flow Assessment
A 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.

The results of the pre-project power flow analysis are in Annexure-C.
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3.2.1 Base Year 2019: Peak Loading Summet

Power flow analysis has been performed on the peak loading summer (Septemnbet) case of -
PESCO network. This base case included a detailed representation of the PESCO transmission

system in the study area.

The power flow results for the system intact conditions show that the power flows on all the
transmission line branches are within their nosmal thermal loading limit. Thete is no capacity
constraint in terms of powet flow or voltage tatings within the study area. The results of the

pre project power flow analysis ate plotted in Annexure-C.

3.3 Post Project Power Flow Assessment

Post project power flow study was conducted to detetmine the reliability impact of the proposed
50MW FAS Solar Park project on the PESCO transmission system. This includes the
performance of a contingency analysis to identify any facility ovetload or voltage condition that
violates the NEPRA planning criteria. Any such violation that is either directly attributable to

this project ot fot which it will have a shated responsibility is included in this repart.

The results of the post projéct power flow analysis are plotted in Annexure-D,

3.3.1 Base Year 2019: Peak Loading Summer

A base case has been developed for peak loading summer (Septembér) 2019 that allow us to
judge the maximum impact of FAS Solar Park project on the PESCO network, using the
network data supplied by PESCO.

Post-project power flow analysis has been petformed after the interconnection of the proposed
project with the PESCO transmission system. This includes the detailed representation of the
power plant. A simuladon of all possible contingencies within the NEPRA Grid Code planning

ctiteria 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 normal thermal loading limits. There
is no capacity constraint in terms of load flow ot voltage ratings around the study area,

Results from the powet flow analysis are presented in table below.
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Condition Contingent Branch Figure No. | Steady State Result
System Intact NA- Figure D1 No ovetloading
Contingency FAS Solat PP to KULACHI line out Figure D-1.1 No ovetloading
Contingency FAS Solar PP to TARGET line out Figute D-1.2 No ovetloading
Contingency KULACHI to DI KHAN line out Figure D-1.3 No ovetloading
Contingency KULACHT to TANK line out Figute D-1.4 No ovetloading

3.3.2 Base Year 2020: Peak Loading Winter -

A base case has been developed for peak loading winter (January) 2020 that aliow us to judge the

maximum impact of FAS Solar Park project on the PESCO network, using the network data
supplied by PESCO.

Post-project power flow analysis has been performed after the interconnection of the proposed

project with the PESCO transmission system. This includes the detailed representation of the

power plant. A simulation of all possible contingencies within the NEPRA Grid Code planning

ctiteria has also been cartied out.

The steady state resulis for the system intact and contingency conditions depicts that the power ~

flows on all the transmission line brariches ate within their normal thermal loading limits. There -

is no capacity constrzint in terms of load flow ot voltage ratings around the study area. .

Results from the powet flow analysis are presented in table below.

Condition Contingent Branch Figure No. - Steady State Result
System Intact -N.A- Figure D-2 No overloading
Contingency | FAS Solar PP to KULACHI line out Figure D-2.1 No overloading
Contingency FAS Solar PP to TARGET line out Figute D-2.2 No overloading
Contingency KULACHI to DI KHAN line out Figure D-2.3 No ovetloading
Contingency KULACHI to TANK line out Figure D-2.4 No overloading

10
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3.3.3 Future Year 2023: Peak Loading Summer

A base case has been developed for peak loading summer (September) 2023 that allow us to
judge the maximum impact of FAS Solat Park project on the PESCO network, using the
netwotk data supplied by PESCO.

Post-project power flow analysis has been petformed after the interconnection of the proposed

project with the PESCO transmission system. This includes the detailed representation of the
power plant, A simulation of all possible contingencies within the NEPRA Giid Code planning

ctiteria has also been carted 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 normal thermal 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

System Intact -N.A- ' Figure D-3 No overioading

Contingency FAS Solar PP to KULACHI line out Figure D-3.1 No ovetloading

Contingency FAS Solatr PP to TARGET line out Figure D-3.2 No ovetloading

Contingency KULACHI to DI KHAN line out Figure ID-3.3 No overloading

Contingency KULACHI to TANK line out Figure D-3.4 No ovetloading

11
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4 Power and Energy Loss Calculations -

Power and energy loss calculations are analysed on both connection arrangements. Fach one is

discussed in detail below.

4.1  System Intact Conditions

Refer to Figure D-1 for system intact conditions, the power loss and energy loss is calculated as

under;

Power sent(MW)—Power received(MW)
Power sent(MW)

Powet Loss =

. 47.5—47.3494
% Power Loss = o5 % 100 :

% Power Loss = 1.3170%

' Energy sent{MWh)—Energy received(MWRh)
Energy Loss =+
Energy sent(MWh)

416100~414780.744
416100

%o Energy Loss = x 100

% Enetpy Loss = 0.3170%

4.2 N-1 Contingency Conditions _
Refer to Figure D-1.2 for N-1 contingency conditions, the power loss and energy loss is

caiculated as under;

Power sent(MW)—Power received(MW)
Power sent(MW)

Powet Loss =

: 47.5-47.3380
% Power Loss = T x 100

% Power Loss = 0.3410%

Energy sent(MWh)-Energy received(MWh)
Energy Loss =
Energy sent(MWh)

416100—414680.88
% Bnerey L. = —x 100
P hergy Loss 416100

% Enezgy Loss = 0.3410%

12
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5 DYNAMIC STABILITY ANALYSIS

Dynamic stability analysis has been performed to access the dynamic impact of the solat power

plant on national grid system due to distarbances at the power plant and vice versa.

5.1 Dynamic Model Development

Generic dynamic models, available in the PSSE model library, 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 PVGU1
Flecttical PVEU1

Mechanical PANELU1
Pitch “IRRADUI

5.2 Post-Project Dynamic Stability Assessment
5.2.1 Base Year 2019: Peak Loading Summer

Dynamic stability analysis has been carried out for the Base Year 2019 peak loading summer
conditions. To access the dynamic behavior of power plant and system towards the disturbances,

simulations have been cattied out of 3 Phase fault at FAS Solar Patk cleared in 5 cycles.

Each simulation has been petformed fot 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 certain contingency, till 15 seconds.

13
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.5 DYNAMIC STABILITY ANALYSIS

Dynatnic 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.
51 Dynamic Model Development

Generic dynamic models, available in the PSSE model library, 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
Genetatot PVGUL
Electrical PVEU1
Mechanical PANELU1
Pitch ' IRRADU1L

5.2 Post-Project Dynamic Stability Assessment

5.2.1 Base Year 2019: Peak Loading Summer

Dynamic stability analysis has been catried out for the Base Year 2019 peak loading summer
conditions. To access the dynamic behavior of powe-t. plan—t and S};S tem towards the disturbances,

simulations have been carried out of 3 Phase fault at FAS Solar Park cleatred in 5 cycles.

Bach simmulation has been petformed 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 certain contingency, till 15 seconds.

13
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5.2.2 3 Phase fault at 132KV FAS Solar Patk cleared in 5 cycles
Three phase fault has been applied at FAS Solar Park, fault has been cleared in 100msec (5 cycles)
with a particular N-1 contingency and dynamic stability response of the system is monitored, the

same has been summatized in the table below.

Fault E-1: 3 Phase fault at 132kV FAS Solar Park bus cleared in Scycles (Stuck Breaket in 100msec)

No.

Contingency

Monitored Element

Figure No.

System Response

E-1.1

132kV line
from
FAS Solar PP
to TARGET
PP

Bus Voltages of

@ 0.4kVFASLV

() 132kV FAS Solar PP -
(i) 132kV TARGET PP
{dv) 132kV Kulachi

(v) 132kV Tank

E-1.1A

Stable

Frequency of
() - 132kV FAS Solar PP Bus

E-1.1B

Stabie

MW and MVAR of one collector
group of FAS Solar PP.

E-1.1C

Stable

Rotot Angles w.r.t. Muzaffargarh
Slack Bus:

@) Gomal-ZamFP

(ify Chashma PP

(i) Tarbela PP

E-1.1D

Stable

Active (P) and Reactive (Q) power
flows on interconnecting 132kV
lines from

(@) FAS Solar PP to Kulachi Bus -

(i) FAS Solar PP to TARGET
Bus

E-1.1E

Stable

E-12

132kV line
from
FAS Solar PP

to

KULACHI

Bus Voltages of

(i) 0.4kV FASLV

(i) 132kV FAS Solat PP
(i) 132kV TARGET PP
{iv) 132kV Kulachi

(v) 132kV Tank

E-12A

Stable

14




- FAS
5 2
No. Contingency Monitored Element Figure No. | System Response
Pl'requency of ' E-1.98 Srable
() 132kV FAS Solat PP Bus
MW and MVAR. of one collector B.19C Stable
group of FAS Sola: PP.
Rotot Angles w.r.t. Muzaffargarh
Slack Bus: 7
(1) Gomal—Zam PP E—1.2D St‘&ble
(ii) Chashma PP
(lif) Tarbela PP
Active (P) and Reactive () power
flows on interconnecting 132kV
lines from _ E-1.2F Stable
() FAS Solar PP to Kulachi Bus
(i) FAS Solar PP to TARGET Bus

5.2.3 3 Phase fault at 132kV TARGET PP cleared in 5 cycles
Three phase fault has been applied at TARGET PP, fault has been cleared in 100msec(5 cycles)

with a particular N-1 contingency and dynamic stability response of the system is monitoted, the

same has been summarized in the table below.

Fault E-2: 3 Phase fault at 1325V TARGET PP bus cleated in 5cycles (Stuck Breaker in 100msec)

No. | Contingency Monitored Element Figure No. | System :Reéponse
Bus Voltages of
i) 0.4kV FASLV
(ily 132kV FAS Solar PP E21A Stable
(i) 132kV TARGET PP
(iv) 132kV Kulachi
_ (v) 132kV Tank
132kV line
from Fre £
quency o E-2.1B Stable
E-2.1 | TARGETPP | 4y 132KV FAS Solar PP Bus
to FAS Solar |
PP MW and MVAR of one collector E-2.1C Stable
group of EAS Solar PP.
Rotor Angles w.r.t. Muzaffargarh
Slack Bus:
E-2.1D Stable

() Gomal-Zam PP
() Chashma PP

(if) Tarbela PP

15
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Active (P) and Reactive {Q3) power

flows on interconnecting 132kV

lines from

() FASSolar PP to Kulachi Bus | E-21E Stable

(i) FAS Solat PP to TARGET
PP Bus

52.4 3 Phase fault at 132kV KULACHI bus cleated in 5 cycles
Three phase fault has been applied at KULACHI Grid, fault has been cleared in 100msec(5
cycles) with a particular N-1 contingency and dynamic stability response of the system is

monitored, the same has been surnmarized in the table below.

Fault E-3: 3 Phase fault at 1325V KULACHI bus cleared in Scycles (Stuck Breaker in 100msec)

No. Contingencf Monitored Element Figure No. | System Response
+ Bus Voltages of
(@) 0.4kV FASLV
() 132kV FAS Solar PP B31A _' ' Stable

(i) 132kV TARGET PP
(iv) 132kV Kulachi
(v) 132kV Tank

Frequency of

E-31B Stable
() 132kV FAS Solar PP Bus
132KV line | MW and MVAR of one collector | p_31C " Stble
from group of FAS Solar PP,

E-3.1 | KULACL | Rotor Angles w.r.t. Muzaffargarh
to FAS Solar | Slack Bus:

PP ) (1) Gomal-Zam PP E-3.1D Stable
(i) Chashma PP
(tif) Tarbela PP _
Active (P) and Reactive (QQ) power.
flows on interconnecting 132kV

lines from |

(i) FAS Solar PP to Kulachi Bus E-3.1E Stable

(i) FAS Solar PP to TARGET
PP Bus

16
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5.2.5 Base Year 2019: Peak Loading Summer

Dynamic stability analysis has been catried out for the Base Year 2019 peak loading summer
conditions. To access the dynamic behavior of power plant and system towards the disturbances,

simulations have been carried out of 3 Phase fault at FAS Solar Park cleared in 9 cycles.

Fach simulation has been perfotmed 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 certain contingency, till 15 seconds.

5.2.6 3 Phase fault at 132V FAS Solar Park cleared in 9 cycles
Three phase fault has been applied at FAS Solar Patk, fault has been cleared in 180msec (9 eycles)
with a particular N-1 contingency and dynamic stability tesponse of the system is monitored, the

same has been summatized in the table below.

Fault E-4: 3 Phase fault at 132kV FAS Solar Park bus cleared in 9cycles (Stuck Breaker in 180msec)

No. | Contingency Mouitored Element Figure No. | System Response

132kV line | Bus Voltages of
from @ O04kVFASLV

E-4.1 | FAS Solar PP (tiy 132kV FAS Solar PP BALA Stable
to TARGET | (i) 132kV TARGET PP | 7 -
PP (v} 132kV Kulachi

(+) 132kV Tank

17
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No.

Contingency

Monitored Element

Figure No.

System Response

Frequency of ,
(i) 132kV FAS Solat PP Bus

E-4.1B

Stable

MW and MVAR of one collectot
group of FAS Solar PP.

E-4.1C

Stable

Rotor Angles w.t.t. Muzaffargarh
Slack Bus: :

() Gomal-Zam PP

(i) Chashma PP

(if) Tarbela PP

 B41D

Stable

Active (P) and Reactive (QQ) power

Hlows on interconnecting 132kV

lines from :

(it FAS Solar PP to Kulachi Bus

(iiy FAS Solar PP to TARGET
Bus

EA41E

Stable

E-4.2

132KV line
from
FAS Solar PP
to

KULACHI

Bus Voltages of

@ 04kV FASLV

(i) 132kV FAS Solar PP
(i) 132kV TARGET PP
(iv) 132kV Kulachi

(V) 132kV Tank

E-4.2A

Stable .

Frequency of
(i) 132kV FAS Solar PP Bus

E-4.2B

Stable

MW and MVAR of one collector
group of FAS Solar PP.

E-4.2C

Stable

Rotot Angles w.r.t. Muzaffargarh
Slack Bus:

) Gomal-Zam PP

(i) Chashma PP

(iif) Tarbela PP

E-4.2D

Stable

Active (P) and Reactive (Q) power

flows on interconnecting 132kV

lires from '

() FAS Solar PP to Kulachi Bus

() FAS Solar PP to TARGET
Bus

E-4.2E

Stable

18
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5.2.7 3 Phase fault at 132kV TARGE'L PP cleared in 9 cycles
Three phase fault has been applied at TARGET PP, fault has been cleared in 180msec
(9 cycles) with a particular N-1 contingency and dynamic stability response of the system is

mosnitored, the same has been summarized in the table below.

Fault E-5: 3 Phase fault at 132kV TARGET PP bus cleated in Scycles (Stuck Breaket in 180msec)

No. | Contingency Monitored Element Figure No. | System Response
Bus Voltages of
(i 0.4kV FASLV _
| () 33kV FAS Solar MV E-5.1A Stable

(i) 132kV FAS Solar PP
(iv) 132kV Kulachi
{v) 132kV Tank

Frequency of E-5.1B Stable
(@) 132kV FAS Solar PP Bus

13ZkV line | MW and MVAR of one collector E-5.1C Stable
from FAS  } group of FAS Solar PP. |

Solat PP to | Rotor Angles w.r.t. Muzaffargash
TARGET PP | Slack Bus: '
() Gomal-Zam PP
(i) Chashma PP
(iif) Tarbela PP

E-51D | - Stable

| Active (P) and Reactive (Q) power
flows on interconniecting 132kV
lines from
() FAS Solar PP to Kulachi Bus | E->1E Stable
(i) FAS Solat PP to TARGET
PP Bus

5.2.8 3 Phase fault at 132V KULACHI cleared in 9 cycles
Three phase fault has been applied at KULACHI Grid, fault has been cleared in 180msec (9
cycles) with a particular N-1 contingency and dynamic stability response of the system is

monitored, the same has been summarized in the table below.
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Fault E-6: 3 Phase fault at 132kV KULACEHT bus cleared in 9cycles (Stuck Breaker in 180msec)

No.

Contingency

Monitored Element

Fignre No.

System Response

E-61

132kV line
from
KULACHI
to FAS Solar
PP

Bus Voltages of

() 0.4kV FASLV

(1) 132kV FAS Solar PP
(i) 132kV TARGET PP
(iv) 132kV Kulachi

(v) 132kV Tank

E-6.1A

Stable

Frequency of
(i) 132kV FAS Solar PP Bus

F-0.1B

Stable

MW and MVAR of one collector
group of FAS Solar PP.

E-6.1C

Stable

Rotot Angles w.r.t. Muzaffargarh
Slack Bus: -

@  Gomal-Zam PP

(ii) Chashmma PP

(iif) Tarbela PP

E-6.1D

Stable

Active (P) and Reactive (Q) power

flows on interconnecting 132kV

lines from '

(iy FAS Solar PP to Kulachi Bus

() FAS Solar PP to TARGET
PP Bus

E-6.1E

Stakle

Dynamic Stability Analysis Results ate attached in Annexure-E.
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6 SHORT CIRCUIT ANALYSIS

Short citcuit analysis has been performed to determine the need for any breaker replacements
due to impacts of the solar power plant project. Single-line-to-gtound and three-phase fault
curtent values have been calculated for buses in the vicinity of the solat power plant project. The
calenlated fault currents observed at these buses were compared with the interrupting cutrent
capabilities of cotresponding circuit breakers to determine need for upgrading existing circuit.

breakers.

6.1 Short Circuit Model Development

Shoxt circuit database provided by PESCO 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.

The short circuit model of the powet plant is presented in table below.

Generator Data
X (+ve) - ©
X (-ve) o
- X (zero) 00

6.2 Post-Project Short Circuit Assessment

With the addition of power plant, short citcuit current at each bur bar is increased, so the
circuit breaker capacity has analysed. Post-ptoject short circuit assessment has been
performed to evaluate the contrbution of the proposed project in fault current levels of

substations in its electrical locality and to compute the fault levels at FAS Solar Park.

6.2.1 Maximuam Short Circuit: Base Year 2019

The maximum short circuit levels have been computed according to IEC-60909 standatd.
Pre and Post project maximum short circuit levels at the buses within the study atea in

the year 2019 have been presented in table below.
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Pre-Project Post Project
Bus Bus "0 @ Fauke | 3-@ Fault | L-® Fauli | 3-@ Fault
Name kY Level Level Level Level
(A} (kA) (lcA) (kA)
FAS Solar MV Bus 33 AA- NLA- 0.00 5.82
FaAS Solar Bus 132 LA- NLA- 1.78 2.82
TARGRET 132 1.77 2.81 1.78 2.82
KULACHI 132 2.07 3.24 212 3.31
DARABAN 132 1.29 2.07 1.32 212
TANK 132 3.33 5.06 3.35 5.00
DI KHAN 132 3.29 5.16 3.32 5.20

Pre and Post project maximum shott citcuit analysis summary for the base year 2019 are

attached in Appendix F-1 and F-2 respectively.

Note:

In the attached short circuit study reposts, both three phase and single phase fault cutrents with

polat coordinates and detailed output showing contribution from adjoining soutces (i.e. lines and

transformers connected to the bus bar) to the fault currents are included.
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7 CONCLUSIONS

7.1 Steady State Assessment

Steady state powet flow assessment has been performed using the already available network data
of PESCO. Pre-ptoject power flow siudy was conducted to analyze the magnitude and phase
angles of bus voltages, line loadings, and power flows under steady-state conditions. Post project
powet flow analysis has also been performed after the intetconnection of the proposed project
with the PESCO transmission system. The power flow tesults for the system intact and for the
contingency conditions showed that the power flows on all the transmission line branches are
within their normal thermal loading limit. There is no capacity constraint in tetms of power flow

ot voltage ratings within the study atea.

The Solar power plant will connect by making a single In/Out on 132kV circuit from
TARGET-KULACHI transmission line at FAS Solar PP 132kV switch yard with feed length
of 2.5km.

The steady state tesults found no capacity consttaint in terms of power flow and voltage ranges.
Both options are further analysed and investigated under the influence of power & energy losses,

cost of equipment installed, cost of augmentation required at substation.

7.2 Dynamic Stability Assessment

Dynamic 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 system.

7.3 Short Circuit Assessment

Short circuit analysis has been performed to evaluate the contribution of the proposed project in
fault cutrent 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 critetia as
mentoned in the IEC-60909 standard. Result of the analysis shows that the calculated fault
curtents are below the circuit-breaker interrupt ratings of existing grid stations located in locality

of the project.
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Hence, it is concluded that based on the study tesults the proposed
generation interconnection assessment for 50MW FAS Solar Park meets the

NEPRA grid code planning criteria.
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"My, Tarig Ahmad Khan {Director)
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1 Floor, Boguival Tower, Street 27A, Crimson Road,
Sector H, DHA Phase i, islamabad, |
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Mr, Irfan Yousuf, Director (CDM/AIC/Salar}, AEDB, Islamabad.
Mr. Satrnan Nazir Raja (PEDO Pot Member) -
Nlanager Renawalle Energy
{Private Power}
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1 EXECUTIVE SUMMARY

Based on the data provided by the FAS Energy and the information assessed by DNV GL from the site
visit undertaken by Nasir Absar Consulting at Kulachi, the following key findings'are considered with
regards to the Technical Feasibility Study for a S0MW Solar PV plant in Kulachi, Pakistan.

Site area Requirements

Considering the area identified and designated by Nasir Absar Consulting in consensus with FAS Energy
as per the revised site visit undertaken on at 04" November 2017, DNV GL prepared the feasibility study
considering the considered area in order to check the possibility to Install 50MW Solar PV plant. DNV GL
was provided with the preferred suppliers for the project;

» linko Solar - 325Wp Mocdule (JKM325PP-72-V)
¢« Huawei String Inverter ~ SUN2000-8/12TKL
© e Exosun Tracker - Horizon

Considering the above defined components, DNV GL undertook*

are preliminary conceptual design and that, likel
contractor dasign and technology. Sk

Irradiation study

stimated yearly lorig-term GHI at the project site is
i ‘Fed to be 917 kWh/m?2 and the average yearly

Based on the satellite.data.(SeolarGIS),

ssessment (“EPA")

assessment conducted by DNV GL and the Project design

arage annual energy yield has been calculated. The values of annual
' age energy production and long-term average annual performance ratio
Vv modules degradation are presented in the table below.

energy yield, fong-t
excluding the effect
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. Table 1-1: Annuai energy yield, long-term average energy production and long-term average
annual performance ratio excluding the effects of the PV modules degradation

Tracker + p-Si 1,701 110,594 75.0%

Grid connection

The Grid Interconnection assessment for the proposed PV plant w take y ARCO energy. DNV’
Gl has not reviewed the study undertaken. '
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2 INTRODUCTION

FAS Energy envisages to develop a SOMW solar PV Plant to be located in Kulachi, Dera Ismail Khan
disctrict in Khyber Pakhtunkhwa Province, Pakistan.

DNV GL has been contracted by FAS Energy as Technical Advisor, working in collaboration with the other
advisors, to support in the development of the feasibility reports of the project.

The scope of work was defined In the proposal 17-0097 ME-P-02 dated 10% April 2017. signed by both
parties. This report (the “Report”) is provided per the terms and conditicns of the Contract.

The purpose of this Report is to present DNV GL's review of the Kulachi PV, Project ( e “Project”) site
conditions and the docurﬁéht'at'ion- received and reviewed th‘rbugh to_the'd "Report; evaluate
technical risks and mitigation measures relative to typical industry ,\aé"ctice advise on the status
of any issues that could lirit the development of the Project. T cludes the foilowing
primary topics: ' - ‘

+ Technical feasibility study;
* Financial feasibility study; alﬁd

"o Environmental Impact assessment.

DNV GL - Energy - Repart No. 17-0443-ME-R-01, B = www.dnvgl.com/energy . Page 9



-,

(1

3 SITE ASSESSMENT
3.1 Site Locstion

The location of the future solar power project is situated approximately 65km, north-west of D.I. Khan
Clty in Khyber Pakhtunkhwa province of Pakistan. The project site is located about 24 km south-east
from Garwaki and 17Km North-West from Kulachl.

Figura 3-1 Location of the PV proposed PV piant

o -

DNV GL - Energy - Raport No, 17-0443-ME-R-01, B ~ www.dnvgl.com/energy Page 10



70.269122°

70.278165°

70.278007° .

70,268963°

engkh(
Approx. 0.86 km

Approx. 1.21 km

Approx, 0.85 km

Approx. 1.22 km

on 4" November 2017, Details of the site visit and tasks undertaken are

The site visit was co {
eport in APPENDIX B. The entire report is provided as an attachment to this

detailed in the site visit
report.[12
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4 TECHNICAL FEASIBILITY STUDY

4.1 Technology Summary

4.1.1 Structure of a solar PV plant
The key components of a typical grid-connected PV system are as follows:

Cells - Forming the basic building blocks of the unit which collects the sun’s light, solar cells are in fact

large area semiconducter diodes which, due to the photovoltaic effect, convert solar energy into eleckric
energy.

PV Modules - Bringing together farge numbers of cells into a unit.

Strings - A group of modules connected In series.

Arrays - A group of strings connected in parallel and mounted en the support structure.
DC cables - Transporting DC. electricity from the PY modules to the inverters.

PY coinbiner_ boxes - Housing the required electrical protective equipment on the BC network, they
collect the electricity from the PV Arrays through the string circuits and feed the inverter.

Supporting structure - Modular structure used to support the arrays at the required inclination. Fixed
structures as well as mechanical equipment (trackers) which track the sun position along the day are
available, ' ‘

" Inverters - Used to convert DC current into AC current.

AC cables - Transporting AC electricity from inverters to transformers and on to the connection to the
grid.

Transformers ~ Uséd to elevate the inverter outpﬂt voltage to the required grid connection voltage.

Substation - Point of connection between the PV plant and the transmission system, it houses the MV or
HV components (switchgear, circult breakers, other interface protection systems and monitoring and
control systems),

4.1.2 PV Module Technologies

The two main PV module technology groups available in the market and adopted for large-scale projects
are described as follows:

1.1.1.1 Crystalline silicon

Crystalllne silicon (“c-Si") technologies are represented by mono-crystalline ("m-Si”) and poly-crystaliine
(“p-Si”} technologies. The mono-crystalline cells are made from 99.9999 % pure mono-crystalline silicon,
also known as solar-grade silicon, This type of silicon has a homogenous and continuous crystal lattice
structure, with almost no defects. The poly-crystalline cells have Instead a more irregular surface, the
so—catled. metal-flake effect. Poly-crystalline cells are less efficient than mono-crystalline cells, but they
are also less expensive and widely used for utility size power plants. The first ¢-Si modules were
commercially available In the 1570s.
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1.1.1.2 Thin film

Since the 1990s, there has been increased development of thin film processes for the manufacture of
solar cells, In these processes, photoactive semiconductors are applied in thin fayers to a low-cost
substrate (in most cases, glass). The primary driving force behind the development of thin film solar
celts has been the conviction that they can produce significantly cheaper PV electricity than crystalline
silicon technologies, which dominate the market today.

Three major types of tachnology are currently to be found on the thin film photoveltaic market:
Cadmium Telluride {("CdTe"), amorphous silicon and Copper Indium diSelenide,

1.1.1.3 Market Status

In order to understand the presence of the technologies mentioned above in the current market situation,
Figure 4-1 shows the percentage of annual production of the PV module for technology technologies,
worldwide, and its evolution since 1980. As can be seen, crystalline technologies have dominated the
solar PV industry historically, accounting for 90% of the worldwide market share in 2014, From those, p-
Si technology leads this market segment.

The market share for thin film technologies slightly increased in 2009, but It has decreased since then.
The share is expected to continue decreasing during 2016, As shown In Figure 4-2 amongst thin film
technologies, CdTe leads the market. Also, considering previous track record in similar sité conditions,
CdTe is selected for the purposes of this study.

Figure 4-1: PV cali technology shares 1880-2015 {Fraunhofer, 2016)
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Figure 4-2: Market share of Thin-Film Technology 2000-2015 (Fraunhofer, 2016)
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The above trend is expected to continue in the coming years, with the crystalline technologies clearly
dominating the market share.

With regard to the production of PV modules, recent market information {2016) shows that most of the. .~
manufacturing capacity and production is concentrated in Asia, with a focus on China, as shown in Figure
4-3. In the case of thin film, an important share of the preduction capac'ity remains. inthe Asid Pacific

Region ("APAC™), where several Japanese and American manufacturers are basad. B

Figure 4-3: PV module production by region 1997-2015 (Fraunhofer, 2018)
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Table 4-1 shows the ranking of modute manufacturers in 2015, with regard to shipments. It can be seen
that most of the companies listed in rank of 10 are Chinese manufacturers. Within the ranking, few of
the companies listed are manufacturing thin film products. First Solar, the American manufacturer of
CdTe modules appears in 6t position. The table also shows the change from 2014 and it's remarkable
the downgrade of Yingli Green going from 2™ in 2014 to 7% in 2015. First solar showed the best
improvement in 2015 among those ranked top 10 in hoth years 2014 and 2015,

Table 4-1

: Ranking of module suppliers woridwide for 2015 (Osborne, 2015)

1 Trina Solar

2 Canadian Solar ' +1
3 Jinko Solar +2
4 JA Solar +2
B Hanwha SolarOne -1

) First Solar +3
7 Yingli Green -5

g SFCE TN
9 _ ReneSo.la ' . . N/A
10 SunPower Corp - N/A

1.1.1.4 Technology surnmary

The selected PY- ‘technotogles for the feasibility study of the sotar PV plant will be Crystalline Silicon from
Jinko Sciar , However, a cormnparison between Crystallme silicon and Thin Film ("CdTe"} are briefed in
Table 4-2 below; '

Until now, the higher efficiencies of ¢-Si modules in front of Thin Fitm modules have been a demswe
criterion when space is limited and the aim Is to install the greatest capacrty per unit of area. However,
First Solar manufacturer has claimed to be ciose to achieving nearly the same efficiency than standard
modern crystaliine modules in mass production and has ‘announced to have achieved a new record
efficiency of 21.0 % in a laboratory cell test. A better energy yield (kWh produced per kWp installed) can
be expected from CdTe technology at locations where the diffuse component of the totat irradiation is
pradominant or in areas of high ambient temperatures and high humidity.

Table 4-2: Crysialline vs. Thin fiim technology — differences

Higher MWp per m? Installed More suited to diffuse Irradiance conditions

Balance of plant costs are lower Better response to high temperature

Longer track record ) Better response to high humidity

Wider cormmercial avallability Limlted commercial availability for certain sub-
‘ technologles

Interchangeability of manufacturers

An illustration of the two technclogies can be seen in Figure 4-4, where the aspect of a typical poly-
crystalline, mono-crystalline and thin film PV module is shown.
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Figure 4-4: Different PV madule technologies (from left to right p-Si, m-Si and thin film)

DNV Gl considered a polycrystalline and @ monocrystalline (310 Wp) and a thin film (CdTe, 115 Wp) PV
modules for the feasibility assessment as they represent the most adopted and bankable PV module
technolegies In the current market conditions,

4.1.3 Supporting Structure

The main purpose of the mounting structure is to hold the modules in the required position without
undue strass. The structure alse provides a route for electrical wiring and support for PV combiner boxes.

In its simplest form, the mounting struu.u #8-is a metal framework securely fixed to the ground. It must
be capable of withstanding its awn welght the weight of the modules and appropriate environmental.
stresses for the location, such as wind loads, snow loads and seismic loads.

The PV modules are typically mounted on either of tﬁe folllowing supporting structures:

a} Fixed structure: A fixed structure does not change its tilt and orientation during operation.
Support structures for fixed-tilt solar plants are normally modular, made up of galvanized steel
and/or aluminium profiles, stainless steel nuts and bolts and aluminium panel clarps. The
modules are fixed to the section bars using suitable bolts and plates,

b) Tracking structure: If the PV module’s orfentation follows the sun, the available lrradlation
increases. On days with high Insolation and a significant direct radiation component, a tracking
system enables relatively large radiation gains to be achieved. That said, tracking systems are
more complex to build, invelve higher costs and, If the tracking system fails, the PV array may
be stuck In an inefficient tilt, severely reducing the energy generation.

DNV GL evaluated the option of installing single axis tracking systems with a horizontal north - south
rotating axis as per the requirements from the Customer. The details regarding the design considered
are further described in Sectlon 4.2,

4.1.4 Inverters

Inverters are the power electronic devices that are directly connected to the PV array (on the DC side)
and to the electrical grid {on the AC side). They gssentially convert the DC energy produced by the array
mto the AC energy that Is to be injected In the grid,

Differant types of inverter arrangements are available in the market, being the central and string
inverter configurations the most used, Central Inverters are broadly used for utility scale solar PV plants
alloewing a batter modutarity of the plant when having homogeneous conditions.
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PV inverter technology has evolved rapidly over the past decade, in line with general development within
the PV sector - especially in Europe, the US and Japan. There are more than 50 inverter suppliers within
the market. European and American inverter manufacturers have topped the ranks globally over the
years. Despite the presence of European and American suppliers remaining strong, Asian manufacturers
are appearing in leading positions in the ranking of inverter shipments in 2014 and 2015,

Table 4-3: Ranking of inverter manufaciurers in 2014, with regard to shipments (Hill, 2018)

: 1 Huaweli China
4 2 Sungraw China
1 3 SMA Europe
2 4 ABR Europe
: 5 Sineng China
- 6 TMEIC China
- 7 _TBEA : China
8 8 Schneider Electric Europe
- 9 Power Electronics Europe
- 10 Solar Edge i Isragl

DNV Gl was requested to model the feasibility study based on String Inverters, as per the requirements
from the customer, It is noted that the assumption of this inverter is for feasibility purposes only and
should in no way blas any future bidding process for the Project. :

4.1.5 Array Transformers

Array transformers colléct the AC power coming from the inverters at LV (230 V-400 V) and elevate it at
MV {10 kV-33 kV). The MV level is required to limit the cable losses associated to transport of energy.

‘Some inverter manufactureﬁ. offer solar Iri\}erf'er' units that are already equipped with the LV/MV

transformer. The inverter, the transformer and all the assoclated equiprent (switchgear, ventilation fans,
etc.) are allocated within the same sheiter. This is a usual, convenient-and cost-effective option for PV
plants in excess of about 2 MW peak installed capacity, ' : '

4.1.6 Transformer Network

In large PV systems, an MV AC electrical network is used for interconnecting the array, the inverter, the
transformers and the substation.

MV levels tend to be designed in the range 10 kV to 33 kV. Underground networks within the plant
boundaries are typically used. Power cables made of aluminium or copper conductors are typically buried
in trenches up to im deep. Both radial and ring designs are standard practice for large PV systems,
even though the latter are preferred in virtue of their reliability against failures.

4,1.7 Substation or control room

The metering point of the PV plant is usually set at the site substation or control room, The substation
building houses the equipment that connects the PV plant to the local distrlbution network. The
connection usually requires two circuit breakers with one containing the meter equipment. Depending on
the export voltage, this building may also house a step up transformer,

The design has to be compliant with electrical utility requirements at the connection point, allowing
remote monitor and control of the plant.
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4.1.8 SCADA

SCADA is defined as Supervisory Control and Data Acquisition system. The system monitors the
performance of the plant by means of a mathematical model initialized with the design characteristics of
the PV plant. The typical Inputs into the SCADA systems are the PV panel’s peak power and numbers,
Inverter specifications and total output power, manufacturer provided electrical parameters, number of
strings, string lengths etc. The SCADA system will provide an overall control over the operational aspects
of the PV piant.

4.2 Proposed Preliminary Design for Kulachi

For the Kulachi project focation, DNV GL analysed the available area for the PV plant as per the site visit
conducted. The preferred supplier list was already provided to DNV GL from the customer. DNV GL
undertook a basic design definition of the plant using the available data considering standard practice
technical design for the Project based on the state of the art for PY modules, mounting solution and
inverters. DNV GL considered the adoption of poly-crystalline silicen, on single axis solar tracker
{horizontal north — south axis) and a string inverter configuration. DNV GL used equipment [ist provided
- from the customer. DNV GL was also provided with a Site Topography study undertaken by a sub-
contractor. Based on the review of the site topography study, It can be understood for the location to be
considered to be typically flat, with miner undulations around the plant area. A existing road cuts across
the project site, However, a rerouting of the existing road is suggested in the Initial Environmental
Examination Report. For the design definition of the PV plant, the re-routing is already considered. The
findings of the topography study are considered at a high level for the preliminary design definition for
the project. The Site topography report will be submitted as a separate report to this report, A summary
of the maln compenents used in the study is provided in Table 4-4. : -

Table 4-4: Camponents considered in the design eptions proposed

E o AnEngement : Single axis solar tracker (Exosun HZ tracker)

fTraCkeiRange oSO , . =
Row Spacing E/W | ' %

| PY Module Technology p-Si - Jinka Solar (JKM325PP-72-V)

PV Module Power [Wp] o 0

,‘.,“,‘I"..‘!.'"._“’erter Type ' String inverter configuration (Huawei 2000-36KTL)

777777 Inverter Capacity (kW] ! w

: Proposed Capacity [MWac] ; : 50

i

APPENDIX A includes datasheets for the equipment used in the assessment.,
4.2.1 Axis Tracking Solar PV Plant Design

DNV GL evaluated the feasibllity of installing solar single axis trackers at the project site. The installation
of a solar tracker typlcally requires greater land occupation; hence it would be recommendable to make
use of technology with a higher efficiency per unit area (c-Si) in order to reduce the land occupation rate
per MW installed.

The row spacing and tilt angle may vary in the final design, and therefore some of the assumptions and
calculation presented In this report may change as well,
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1.1.1.5 Tracking System Proposed

There are several tracking systems available in the industry with different grades of complexity for
construction, implementation and operation. Depending on their size and design, some of them require
more complex civil infrastructure, structural design or control during operation.

Solar trackers are divided in two main groups:

Single Axis Solar Traclkers - single axis solar trackers can follow the sun position in one dimenston
(azimuth or inclination}, The ones that track the sun azimuth position are those which are relatively
easier to implement (horizontal trackers with north-south rotating axis) and perform properly at
equatorial and tropical regions where the sun pasition is relatively high all over the year.

Dual Axis Sclar Trackers - The system always maintains optimurm alignment to the sun, changing the
tlit angle and azimuth position to maintain normal to the beam component of the irradiation. These are
more complex compared to single axis tracking systems, require higher ratio of land per MW installed
but provide the highest irradiation gain. '

As suggested by the customer, DNV GL considered the use of horizontal single axis tracking system with
a north - south rotation axis being the most used tracking system for large PV plants. Dual axis solar
trackers involve a higher upfront cost and need much more land and maintenance and, after some
installations in the last years, have been progressively abandoned by the developers. Therefore, single
axis tracking system will be consldered onwards in the feasibility study.

1.1.1.6 Design Configuration

DNV GL proposes a layout that sets the shading losses to an acceptable figure. The PV modules are -
considered as Installed in portrait erientation along the north-south axis of the tracker. The connection of
the PV modules into strings is recommended to be parallel to the rotation axis (horizontal connection) in
order to reduce electrical shading losses,

For the proposed capacity of 50MWac a total area of approximately 1 Sq km is available. DNV GL
additionally considered the tracker ground cover ratio capability, The tracker can be designed
constdering a ground cover ratio from 26% to 50%. DNV GL suggests a pitch of 5m atlowing finding an
acceptable cornbination between irradiance gains and shading losses and according to the available land.

Figure 4-5: Representative Tracker configuration
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Table 4-5: DNV GL preliminary desi

~_ Plant Arrangem ent

‘ Trar:ker rotation [°] ) . - w:i:SO B
Pv Medme Tecmomgv e N phs!
v ratec; power [wp]. 325
Ratm madules!string e s e e - 20
| Ratio striﬁé;s/inverter 8
| Number of inverters S 1250
Inverter::ated AL powar [kW}N o h ; 40
. ratsdpowerpnc[mwp] i . _50,.0 ........
, Total rated powei Pac [MW] . ; 65.0 }
; - PDC/FAC S e 130 ’
- ava"ablearaa[ha ] o J 103
mant aream;m [ha/M,wp] o i s ! . SO S—— 1.03,.

1.1.1.7 String design

From an electrical point of view, the PV field is arranged in strings, Each string is formed by wiring
number of PV madules in series. The strings are then connected to each inverter (DC side}, normally via
array boxes.

A rabust design of the strings should consider two basic electrical constraints (derived from the inverters
¢haracteristics);

-~ Series connection: the string size, i.e. the number of PV modules that can be connected in series,
is limited by the inverter’s DC Input voltage. Two main inverter variables must be considered
here:

»  the maximum DC voltage, a value which must be cross-checked with the PV module’s
open clrcuit voltage; and

»  the MPPT voltage range, a value which must be cross-checked with the PV module’s
MPPT voltage.

- Parallel connection: the number of strings to be parallel connected to an inverter is limited by the
inverter’s maximum DC input current,
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As a result, a maximum number of PV modules (of the same type) can be connected to a single inverter,
This number can be calculated as being the product of the maximum number of strings (limited by
current) and the maximum string size (limited by voltage).

A common string size of 20 modules in series per string Is used for the Project in series per string.

Each 40 kW inverter will be equipped with 8 strings distributed across 4 MPP trackars of the inverter, The
above has been checked for the designs proposed for the Project and are both acceptable and robust
with regards to the Inverter electrical characteristics.

1.1.1.8 Inverter DC power

A basic constraint in the number of PV modules connected to a single inverter is provided by the
maximum DC power input recommended by the inverter manufacturer. Table 4-6 below, lists the design
considerad.

Table 4-8; Inverter DC input to peak power ratio for the inverter proposéd

The proposed design is above the mentioned rated usable power of the inverter in the datasheet but
within the maximum current rating of the inverter. However, the suggested design provides a moderate
compromise between the selected module power and tracker design. DNV GL racormmends that a
conformity of design letter can be requested from the inverter manufacturer to avoid any warranty issue.
Addltionally, DNV GL highlights the design criteria’s could f:hange as selection of the final componenté
are complated,

Temperature behaviour

The current vs. voitage characteristic of a PV module, measured at Standard Test Condition ("STC"}),
may vary significantly in normal outdoor operation, mainly due to temperature. Characterisation of this
variation is provided by the module manufacturers in the form of termperature coefficients for the
relevant electrical characteristics., ‘

For the modules proposed, the manufacturers provide the temperature coefficients shown in Tabte 4-7,
For further details, see the datasheet enclosed in APPENDIX A.

Table 4-7: Temperature coefficients for the selected PV modules in the Project

Jinko 325Wp (p-Si)
PY module

!
DNV GL reviewed the o'pen cireuit, short circult and maximum power point characteristics of the design
for a range of temperatures, based on the PV module datasheet provided and expected ambient
temperature for the Project location,
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The long term dataset, derived from the satellite data (or from on-site correlated data when available),
is used to create a “synthetic year”, a series of hourly values randomly generated but representing the
long term averages calculated above, that is then processed by the energy simulation tool.

The energy simulation tool estimates, having as input the hourly GHI, DHI and air temperatures of the
synthetic year and the design of the PV plant, a number of operational parameters describing how the
plants operates at each time step (each hour in this case).

Some of the characteristics estimated in the energy simulation tool are;
«  Maximum cell temperature in operating conditions: estimated 70°C for the site;
»  Summer air temperature operating conditions: estimated 50°C;
«  Winter minimum cell temperature in operating conditions: estimated 10°C; and
« Absolute cell lower temperature: estimated 0°C.

Considering the climatic conditions of the site, the technical characteristics of the equibment and the
design of the plant, DNV GL verified that the voltage levels achieved at extreme temperature conditions
stay within the acceptable inverter limits.

DNV GL considers the proposed design robust and able to withstand the foreseeable extreme
temperature condltions at the site. )
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4.3 Preliminary Energy Production Assessmaent

4.3.1 Solar resource assessmeant

The best way to determine the solar radiation regime at a particular site is by measuring different
parameters of interest at the location of the site using the appropriate instruments. For example, Global
Horizontal Trradiation ("GHI") is typically measured using a horizohtally mounted solar sensor calibrated
under recognized standards. In the absence of these data, values obtalned from several databases can
be consulted. These databases may contain data from measurements or computational models, or both
and would have normally an increased uncertainty compared to site measurements.

The methodologies used in computational models for the interpretatton of satellite images that are
developed and verified in one region, may not produce reasonable resuits in other regions. The known
Issues are as follows:

+  Predominant cloud types may be different;
+  Atmospheric aerosols may be more or less absorbent;
» Surfaces may have targe differences in albedo; and

« Seasonal wind patterns may transport significant poflutants and sand/dust either into or out of
the region,

Igneoring regional differences can produce.bias error. For this reason, comparison between several
databases is essential for a good assessment of the solar resource,

DNV GL has used the following sources of Irradiation and temperature data for the Project:

*  Mateonorm software version 7.1 {1991 - 2010) (Meteotest): This software is @ metecrological
database containing relevant data from more than 8,300 ground stations in the world. From
those, 1,200 stations provide ground measured GHI data. The software undertakes an
interpolation of the data from the three stations with measurements closest to the site
coordinates. If no stations are available within a reasonable radlus, purely satellite derived data
Is provided. The output of the software is monthly, daily or hourly GHI averages, and other
parameters, for the period availabie. Due to the absence of recent data, this database has been
used for comparative purposes only;

* NASA Surface meteorsloay and Solar Energy (NASA-SSE) (1983 — 2005) (NASA): This database
provides daily values of GHI and ambient temperature (at 10 m height) froml 1983 to June 2005
derived from satellite imagery for any location in the world. The grid resolution is approximately
of 111 x 111 km2, Due Lo the absence of recent data and the low spatial resotlution of 311 x 111
km2 this database has also been used comparative purposes only;

+ PVGIS 3 and PVGIS 4-CMSAF (The Photovoltalc Geggraphical Information System) (PVGIS,

PVGIS 3) (PVGIS, PVGIS 4 CM SAF): PVGIS 3 derives Irradiation data for European and African
locatlons based on 566 ground meteorological stations and satellite data. The time period of data

is from 1981 to 1990. This database is based on old data and has been used only for the purpose _

of comparison. A new version of PVGIS (called PVGIS-CMSAF or PVGIS 4) was released in
November 2010 by the European JRC (loint Research Center), in collaboration with the CMSAF
(Climate Monitoring Satellite Application Facility). The coverage extends from 0° N (equator) to
58° N and from 15° W to 35° E, The spatial reseiution Is 1.5 arc-minutes (about 3 km directiy
below the satellite at 0° N, 0°W) and the time period of data is from 1998 to 2011, This
database combines very recent data and medium spatial resolution of 3 x 3 km2; and
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+  Satellite-derived monthly GHI and diffuse horizontal irradiation '(“DHI”) for the Project focation,
for the period from January 1999 to June 2017, calculated from Meteosat and GOES
{Geostationary Operational Environmental Satellite) which has a resolution of approximately 250
m (SofarGIS). This data set is considered to be the most representative for the site location and
is presented.in the following table. These data has not bean calibrated with ground
measurements, '

The resuits derived from each reference data source are presented in Table 4-8.

Table 4-8

Monthl

Results of GHI for the Sit

Month Metecnorm 7.1 PVGIS 4 NASA SalarGIS

1991-2010 1998-2011 1983-2005 1099-2017
Jan 100 103 108 99
Fab 110 112 119 109
Mar 149 174 153 157
Apr 175 197 166 183
May 198 226 193 210
Jun 193 208 190 196
Jut 182 195 180 173
Aug 171 181 - 167 172
Sep 159 173 152 164
Cct 138 153 140 147
Mov 111 113 111 106
Dec 96 101 99 98
Year 1782 1947 1776 1314

Based on validation reports available, data resofution and coverage and length of perlod available,
DNV GL has selected SolarGis as the most representative reference-irradiation dataset for the proposed

site, It is noted that the SolarGIS result is broadly supported by the other'datasets consulted,

4.3.2 Temperature

The long-term average ambient temperatures used to characterise the Site are shown in Table 4-9,
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Month Site Co-ordinates Site Coordinates Site Coordinates

{°Cl : {°Cl [°ci
2000-2009 1983-2005 1999-2015

1an 10.9 9.0 12.7
Eah 14.9 11.6 15.4
Mar. 20.5 17.5 21.0
Ank k) : 23.4 27.4
May 31.5 28.4 33.0
Tun 32.0 31.8 35.5
u 131 30.5 30.4 35.3
Ana : 29.9 28.2 34,1
Sen. 28.1 26.7 31.0
Ok 24.3 22,2 25.6
Mo 18.0 16.5 19.5
Near 12.8 11.4 14.7
Xaar 23.3 215 25,4

NASA and SolarGIS, presenting a larger period of data collection, remain satellite estimations of a site
temperature, whitle Meteonorm refers to the meteo-station located more than 320 km from the site.
After comparing the three different temperature datasets, DNV GL has considered data from the
SolarGIS data to be more representative of the site location.

The final dataset represenéative for the site conditions containing GHI, DRI and ambient termperature
data are presented in Table 4-10 in the form of monthly mean values.

Jan 46 12.7

Feb 109 _ 50 15.4
Mar 157 75 21.0
Apr 183 85 27.4
May . 210 ’ 100 33.0
Jun 196 105 35.5
Jul. 173 107 35.3
Aug ' 172 102 ! 34.1
Sep 164 85 31.0
Oct v 147 69 256
Nov 1086 51 12,5
Deac 98 42 14,7

Year 1,814 917 25.4

The long-term dataset, derived from the sateliite data (or from on-site correlated data when available},
Is used to create a “synthetic year”. The synthetic year ls a serles of hourly values randomiy generated,
as they have to be representative of any possible year and not linked to the conditions recorded during a
particular year, but with the condition of presenting monthly averages equal to the long-term ones
calculated above. In this way, the hourly extremé temperatures are taken into account. Morgover, the
dataset is representative of the long-term conditions.
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The Global Incident Irradiation ("GI") on the collecting plané used for further steps in energy simulation
assessment is then calculated via transposition using the Pérez model (Perez, Ineichen, Seals, Michalsky,
& Stewart, 1994Q).

4.3.3 Long-term Varlation

The uncertainty associated with the GHI and DHI estimates should be revisited and compared with on-
site measurements taken with an appropriate pyranometer (Secondary Standard pyranometer calibrated
under ISO 9060) and the deviation observed during sandstorm should be further investigated. Having
this information, a calibration of the satellite-derived data at the Site can be conducted thus reducing the
totai uncertainty of the estimate.

At present, the irradiation uncertainty is assumed equal to the uncertainty of the satellite data for.the
region, which lies in the range of 4 % to 8 %.
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4.3.4 Preliminary layout

DNV GL prepared a 3D model to check the possibility to install 50 MWac PV plant. It is noted that the 50
MWac power corresponds to the nominal AC power of all the inverters considered in the PV plant. The
following configuration was considered:

» 530 MWxc installed with single axis tracker system and crystalline modules;

The available land as per the site visit report is approximately 2 Sq.km [12]. DNV GL analysed the
availabie area and considers a reasonable usage of the land for the PV plant. Additionally, DNV GL
reviewead the tracker datasheet and the ground cover ratio (GCR) capability of the tracker. The tracker -
has a capability to work between a ground cover ratio between 26% to 50%. DNV GL based on it's
preliminary design considers a pitch of 5m considering reasonable shading effects. The Proposed PV
plant with the specified pitch will correspond to a GCR of 38%. For each configuration, a block of
modules and inverters was defined and then distributed on the available area.

DNV GL highlighted that the considered tayout may change according to the finalized land area and
contractor spacific design and technology.

4.3.5 Energy Production Assessment

In.order to assess the energy production, as an Input. for the prefiminary feasibility of the Project, DNV
GL has performed a preliminary independent Energy Production Assessment ("EPA") for a generic 5¢ MW
AC solar PV plant focated at the Site. :

The estimatlon of expectéd solar fzower generation is typ'i‘cally performed by DNV GL in several steps:

1. The solar climatic conditions - mainly the global ‘and diffuse irradiation on the horizontal plane -
are determined. '

2, Irradiation on a tilted plane can be caiculated by using the known global and diffuse irradiation
on the horfzontal plane. Transpoesition is the calculation of incident irradiance on a tilted plane,
using horizontal irradiance data, Transposition is typically calculated using either the Hay model
or the Perez model, For this study, DNV GL has used the Perez model.

(V)

Both irradiation losses {due to optical effects and usable irradiation} can be calculated by using
the kiown layout of the PV plant (dimension and geometrical arrangement of the modules,
orientation and distance of rows, etc.).

4, The electrical simulation takes into account the properties of the PV modules (output power,
partial shading effects, temperature behaviour, ekc.) and inverters {conversion efficiency, partial
load etc.), aiong with losses in electrical cabling, in order to calculate the energy delivered at the
output of the inverter.

The AC cabling losses between the inverter and the revenue meter are estimatad.

6. Finally, other production losses are considered - soiling, power quaiity, mismatch, plant
avallabliity, etc.

The PV plant simulation consists of an electricity production calculation correspanding to the global
horizontal Irradiation - steps 2 to 4, as indicated above. The most commonly used simulation model
within the PV industr‘,} is the “one-diode” model (Duffie & Beckman, 1991). The “one-diode” model is
non-linear and implicit, and the required hourly calculations must be performed with the aid of
computational software.
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™

; DNV Gt. has undertaken stmulations based on the parameters described in Section 4.3.4. It is
recommended to update this assessment once detailed engineering will be available for the project.

Table 4-11: Energy estimation for Kulachi PV Plant (no degradation applied) presents the predicted long-
term annual energy production for the project, excluding the effects of PV module degradation at a
hypothetical grid connection point, considering a standard PV plant and grid availability. The net energy
prediction presented below represents the long-term mean, 50 % exceedance level, for the annual
energy production of the PV plant (P59).

Table 4-11: Energy estimation for Kuiachi P¥ Plant (no degradation applied)

110,594 |

75.0%

*DNV GL assumption
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4,3.6 Loss Factors

Several loss factors are calculated, applied or estimated during the simulation. These are described
betow,

a) Shading losses:
There are two types of shading loss:

¢ Far shading: requiring calculations to define the horizon line. The horizon line was assessed by
DNV GL remotely and also reviewed data during the site visit conducted; and

+ Near shading: this requires calculation which takes into account a detailed 3D description of the

PV system and the surrounding area. A 3D mode! of the PV plant has been created for computer
simulation. The near shading loss essentially takes into account the inter-array shading as well
as other surrounding elements that may affect the PV plant performance.

b) Solling Josses:

Soiling losses depend strongly on the location of the PV system and on the frequency of cleaning and

raining. These losses are associated either with dirt or with urban pollutien, which accumulates on the

surface of modules and may result in PV cells receiving less irradiance. In other cases, there may be

nor-uniformly distributed dirt, such as bird droppings; this dirt tends to produce significant partial

shading on cells, Adequate O&M activities should be implemented to achieve a reasonable figure,

especlally during drought periods. Based on DNV GL experience in similar site conditions and assuming a

monthly cleaning regime, a fower soiling factor loss (about 2% can be reached. However, without any

specific information on the cleéning regime a soiling factor toss of 4% is considered in the study.

¢} Reflection effects: . _ _

The reflection effects, or incidence effect (the other typical destgnated term is IAM, for "Incidence Angle

Modifier"), corresponds to the weakening of irradiation actually reaching the PV cell surface, with respect

to irradiation under normal Incidence. In practice, this is commonly calculated using the ASHRAE-model,

defined by the American Society of Heating, Refrigerating and Air-conditioning Engineers ("ASHRAE") as

has become standard in America.

d} Irradiance level losses:

This loss is the difference hetween efficiency at 1,000 W/m?2 (irradiance under STC conditions) and actual
irradiance within each hour. It is typically recommended to use detailed information on the electrical
parameters for the PV modules selected, In order to estimate this loss.

€) Temperature losses;

The temperature coefficient of power given for a PV module expresses the reduction of module output
power with increasing module temperature, The temperature of the module is typically calculated from
its thermal balance. The thermal behaviour of the fleid, which strongly influences efectrical performance,
is determined by a thermal balance between the ambient temperature and the cell heating, due to
incident Irradiation. DNV GL has applied the thermal parameter {power temperature coefficient)
recommended by the PV moduie manufacturer for these purposes,

f)  Module guality losses:

Module quallty losses include those associated with the MPP tracking error of the Inverter (set at 0.5%
for this Project), the PV module positive tolerance on the nominal power of the module and the PVSyst
modelling systematic error,

ONV GL - Energy - Report No, 17-0443-ME-R-01, B = www.dnvgl.com/energy Page 29



g) Light-induced degradation losses:

Light-induced degradation ("LID™) (or light soaking effect, *LSE") corresponds to an attenuation of the
module’s power once it has bean exposed to real operating conditions. This factor is typicaily verified
through independent measurements taken from the modules proposed for the Project. In the absence of
the above-mentioned supperting information, DNV GL has considered pragmatic values for the crystalline
technology.

h) Module mismatching losses:

Losses due to mismatch are related to the fact that the real modules in the array do not all have exactly
the same current-voltage characteristics. The estimation of mismatch loss is normally undertaken in
accordance with typical module performance dispersion. In a series connection, the array mismatch loss
can be kept low by using modules of the same type (with very similar currents) only. As flash tests are
not available at the moment of this report, DNV GL made a pragmatic assumption of 0.5% losses due to
mo_du!e mismatching.

i) Ohmic wiring lossas (DC):

The wiring resistance induces losses batween the power available from the modules and that at the input
of the inverter, The effective loss during a given period is calculated during the simulation. It is usually
lower than the relative loss, when operating at Maximum Power Point (MPP). DNV GL has considered a
pragmatic value of 0.7% at STC conditions for the Project.

i) Inverter losses:

The Inverter losses include efficiency, and other losses due both to the power and, voltage threshold and
to operation above nominal power and voltage. This factor has been calculated by hourly simulations
based on the technical information of the inverter manufacturer, :

k) Other electrical losses:

DNV GL has considered the following on account of other electrical losses:

e« Wiring losses (AC network): DNV GL has conside_red a pragmatic vélue of 1.0% at STC conditions
’ for the Project; '

e Transformation losses: DNV GL has considéred the loss per LVW/MV step up transformer at the
Project according to the Information available; and

* Auxiliary losses.

) Availability losses:
DNV GL has included an experience based allowance for plant availability and grid availability.

All of the above loss factors are computed for the performance ratio calculation.

DNV GL - Energy - Report No. 17-0443-ME-R-01, B - www.dnvgl.com/energy Page 30



4.3.7  Uncertainty Analysis

The uncertainty of the final result is a consequence of the uncertainty in the solar radiation data, the
inaccuracies of the simulation procedure itself {e.g. choice of models), and uncertainties associated with
“external” influences (e.g. shading, soiling, deviation of components from specification, inverter losses,
cabling loszes, etc,).

In the case of on-site measurements being correlated with the satellite derived data, the following
parameters have to be considered when determining the uncertainty of the predicted long-term solar
radiation: '
Pyranometer uncertainty;

Correlation uncertainty;

Historicai sclar radiation data perlod uncertainty; and
Future variability of the solar radiation.

The uncertainty of the final result is a consequence of the uncertainty in the solar radiation data, the
Inaccuracies of the simulation procedure Itself (e.g. choice of models), and uncertainties associated with
“external” influences (e.g. shading, solling, deviation of components from specification, inverter losses,
cabling losses, etc.).

The above sources have been estimated for the Project. The breakdown of the uncertainty is shown in
Table 4-9 below, It is assumed that all errors are independent and that the Gaussian distribution s
appiicable. Therefore the total uncertalnty represents the standard deviation of what is assumed to be a
Gaussian process.

Table 4-12: Total uncertainty for the Kulachi Solar PV plant

GHI Data and Simulation ' 8.6
Expected Future Yariabllity ' 2.5 0.6
TOTAL 9.0 8.7

The confidence limits for probabilities exceeding 90 %, 75 % and 50 %, for the one-year and ten-year
predictions are presented in Table 4-12 for the Project.
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4.3.8 Long-term results

The energy figures in previous sections de not include the power degradation ratic. DNV GL remarks that
the typical power degradation considered for crystalline silicon PV modules is usually within the range of
a05%t00.8% poWer reduction, per year (Kirk, Jordan, & Kurz, June 2012). Most of the literature
references refer to module-only degradation resuits. Systefn—level effects add to the overall degradation
rate, though the exact mechanisms are not well characterised.

DNV GL recommends Incorporating a system level degradation rate of 0.64 % per year into the long-
term energy projection estimates beyond year one.

A detailed technical review of the technology is recommended once the detailed design is avallable and
based on the contractual agreement made with the PV module manufacturer, These assumptions will be
reviewed accordingly,

The degradation facter at the end of a single year has been applied at the beginning of the same year, -
hased on a slightly conservative approach. The resulting production figures for the one-year period with
corresponding Performance Ratlio, are presented in Table 4-12.
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Table 4-13: Performance ratios and net energy outputs [MWh/year] (degradation of 0.64%
per year)

1 75.0% 110,594 103,881 97,838
2 74.6% 109,886 103,216 97,212
3 74.1% 109,179 | 102,551 96,586
4 73.6% 108,471 101,886 95,960
5 73.1% 107,763 101,221 95,334
6 72.6% 107,055 100,557 94,707
7 72.2% | 106,347 99,892 | 94,081
8 | 71.7% 105,640 99,227 93,455
9 71.2% 104,932 98,562 92,829
10 70,7% 104,224 97,897 92,203
11 70.2% 103,516 97,232 91,577
12 69.8% 102,808 96,567 90,950
13 69.3% 102,101 95,903 90,324
14 | 68.8% 101,393 95,238 89,698
i5 68.3% 100,685 94,573 89,072
16 67.8% 99,977 93,908 88,446 |
17 67.4% 99,269 93,243 87,820
i8 66.9% 98,562 92,578 87,193
18 - 66.4% 97,854 91,914 86,567
20 65.9% 97,146 91,249 85,941
21 65.4% 96,438 90,584 85,315
22 65.0% 95,730 89,919 84,689
23 64.5% 95,023 ' 89,254 84,063
24 64.0% 94,315 88,589 83,437
25 © 63.5% 93,607 87,925 82,810 E
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5 GRID CONNECTION ASSESSMENT

Grid connection assessment has been undertaken by ARCO Energy.
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& COMCLUSIONS AND RECOMMENDATIONS

DNV GL has undertaken a feasibility study for 50 MWAac solar photovoltaic power plant In Kulachi, Pakistan.
The following conclusions and recommendations are drawn:

o The project site boundaries and site orientation {dentified during the site visit allow the
development and construction of 50 MWac solar PY plant for the selected technologies.

® The results obtained for the Energy Production Assessment are presented in 4.3.5 for the
safected PV module technology. The results are subject to substantial uncertainty. it is
considered that the prediction of energy production, while suitabie for assisting with the decision
to develop the project, must be interpreted with caution due to Inherent uncertainties. DNV GL

recommends that the absolute results presented within this report be interpreted with caution as -

they are intended to be indicative only.

- It is noted that the assumptions of equipment used for the preliminary layout désign are for
indicative purposes only and should in no way bias any future bidding process for the project.

A DNV GL. has provided the rasults presented in this report for strategic and feasibility purposes
and to assist In the design of a 50 MWac PV power plant at Kulachi PV site. At the time of
undertaking this assessment, DNV GL has considered that the maximum power capacity to be
installed is 50 MWac.
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APPENDIX A, DATASHEETS

A.1. Solar PY modules datasheet (p-5i)
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A.2. Inverter datashest
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A.3. Tracker datasheaet

exotrackHz
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without lard grading.

¥ 10% slope tolerancas in
ail directions & between
tabtes.

P Short tables for hetter
sdzptation and laynut
Fexibillty.

b Highest rammng and
Instatistion telerances.

# dachanlcal installation
less than 200
man-haursfaw,

® Fastdeployment and
ircraased safety: no specific
maching neadad thanks to
lightweight parts.

3 Dpﬁmaiiv engineerad
with 1 string per tracker
rovs,

¥ intagrate combiner
bores or string.invarters
directally onto the
tracker

¥ o specific DU string
trenches,

Highest flexibility tnrivalled simplicity DC wiring Market feading
for flowing for stnoth and fast oplimization reliabiltty: Avoid
topography instaliation unexpectec OPEX

¥ Balaaced design,
structusal siiffness, and
high quality matesials.

# Complets lubtication-free
salubtian, ne on-site
yearhy gressing,

& Limited mantenance
with 1 contredlerand 9
senzors for 10 MW,
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Structure : Maintenance-free movement traramission
HOG fGalvanized steal / Stainfess steel f Composite 7 Aluminum.

iy depmidtng i ke toifigory
U to-200 kin/h {52 miph}

Snow n:—sl.sbam:g

5 years on product - T0years on sticture

Warranties Optional warranties avatble - 36 years extensions
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APPENDIX B. SITE VISIT REPORT (PART REPORT)

SITE VISIT REPORT OF

KULACHL 50 MW SoLAR PV PLANT

Client:

FAS Energy (Put.} Lid,
P.O. Box 3413904,

Riyadh 11333, KSA
Contact: +92 51 8734204

Consultant:

Nasir Absar Consufting (Pvt.) tid.
Office No 1, 2nd Flaor, VIP Sgaure,
1-8 harkaz, Islamabad

Contact; +92 51 4861322-24

DNV GL. - Report No. 17-0144-ME-R-01, Rev. A - www.dnvgl.com

Page 43 !



]

Siee Visit Beoort of Kulachi 30 MW Solar Powser Plant

1 HTRODUCTION

50 MW Kulacht Solar PY Power Flant is an Inftiative of FAS Energy “Company™. The Company

is to develop, construct and operate powsr projedt located at Kuiachi, Dera lsoiail Khan,
Khybar Pakbtunkhwa. '

FAS Energy iz In the procsss of g=rforming Feasibility Study Report of the Projeet, For the
purpese, site visit was required. A docursent comprising the guidelines, o perform a site

- assessment and codlect, on-site information was provided.

The Solar project is located near Batcha Abad village, about 13 km froem Kulechi gity, 2 city
named sfter the Kulachi Baloch tribe and 15 the headquarters of Hulachi Tehsi {an
administrative subdivision) of Dera lsrnaif Khan District in Khyber-Pakhtuskhws provinge
of Pakistan. it is located ot 31°55°¢9"N 70°27'317E ot an aftiiude of 209 metres.

Tha project shalf be developed as an [ndependent Pawer Producer “1PP" under the Sovereign

Guarantes provided by the Feders! Govarnment of Pakistan. Sale of the Power shall ba made
te the Central Power Purchasing Agency {Guarantze) Limited "CPPAIS)".

MYS FAS Energy engaged the sendces of M/S Nasir Absar Consulting [Pyt bid, "N&CL” to
perform the site assessment and coflect the on-site information reflated to road zccess and

ETvdiro peent.

2 PURPUSE OF THE SITE INSPECTION

MACL personnel conducted the visuaf inséecﬁan of the projeck ares. The purpose of the sita
visit was to evaluate the situation of:
- Road Access
- Sjte Accass
-~ Agtivitles performed in the area
- Connection Point
~  Vegetation and Forestry
- Animal Presence
~  Mountains, Hls and Cbstacles
—~  &tekeholder Views
- Inkernal Roads and

- Gensral Eovironmental iInformation,

! HAILR AEENY
- e SeSEnAE
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She Visit Beport of Xufaehi 50 MW Sotar Povesr Plang

3 DETAILE OF WSIT

Date of Wisit Saturday, Movember 4, 2017

MALL Fersonnel Syed terahim Ahmad Engineer
D, Anily Nizar Syed Environmentatist
Mubaimmad Yamesn Khan Sociologist

Hte Coordinates Letitude 31°56'37.72806"

Longitude TOM16'47 A5VE

4 BITE ASSERGMNET

GenERat INFORRIATION

Praject Nome
Lovation

Fipt Carner Coordingtes

Chservation

SO 8 Javed Solar Park

toni-Kulachi, Dera lsmail Khan, KPK

s

AISTIZ TN 70”16'46.2"5
31°57'32.4"N FO"16'0B.8"E
31°56'525"N 7O°EG0BA'E
SPZES2AN FOLEEDAE
The area is an agricuitural zone, It lizs ai the foot of
the Sulalman Range and hence is irrigeted by flood water
from Sutsiman  Mountains, The system of frigation Is
called Bod Kobhi, a system of mountain channels or hill-
torrents inundating the whole valley of Damaan {"Rod”
means "chanasl” and "Keh" means "mountain” in Persian).
The Rod Kohi system based on “Kulyat Biwajat” {Fromulze
and Teaditions) governed the irrigation system ever since the
Pathan tribes had moved into Damaan. The British officers
reduced all these to writing during their Land Settlemts in
the later part of pineteenth century. The Bolton Irrigation
Motes of 1908 are still considered as the Bible of Rod Kohi
irrigation.

i appearsnce the Project area bears a generic resemblance
to the Dera ismail Khan distrlct, except for the stony plain
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Site Wisit Beeornof ¥idachi 30 0 Salar Power Plant

and the line of baeren and unsightly siopas tarrain which form
tes wosiern border. The plalnis moch cdeft by deep channels
which cargy off the rain-water from the hills, and these are
utidized for irdgation with great skill,

Tharg i no habitation within the plot Bmits; however,
there is 3 small village with some houses at northernside,
putside the plot jimits. The site contains smalt bushes and
trees ot scattersd lovation and are very thin In numbers,
There % & low voliage transmission line passing &t porth
~— past corper side of the plot.

Lmapk fndge f Profegy Area

4.1 ROAD ACLESS TG PROJECT SITE

The Project Site from Istemabad, Capital of Pakistan can be accessed through:

Kashrir Hiéh.way - !siamabadr Motorway bink Rosd — Lahoro-istamabad Motorway M2 -
Balkasar Interchange — Talagang-Chakwal Road — Talagang Bypass Road ~ Mianwel-
fawalping! foad ~ WMiznwali-Talagang Road — Sarpodhe-idianwall Foad - futignweadi-
Mauraferzarh Road — Ders tsmaif Khan Read — Chashma fead — Dera bsmait ¥Khan-Miznwah

i& HANA GHEA
5P caqilinay
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Sire Vit Ranort of Kufach] 50 MW Eolar Power Plant

Road —Bennu Road — Indus Highway — Tank-0u k. Khan Road — Kafachi MHES Link foad —Kulachi-
Loni Road — Loni-Diaraban Road - Loni Village — Baicha Abad Village — Project Site.

Total Distance of 443 km could be covered at a traval ime of approx. 7h.

The road s metal road all the way BB Loni however, fromy Lond to Badshahbad v#flage to Preject
site is rough track [Katachy road).

B
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Shatestald, . 7
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AsouTt DMV GL

Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations
to advance the safety and sustainability of their business, We provide classification and technical
assurance along with software and independent expert advisory services to the maritime, oil and gas,
and energy industries. We also provide certification services to customers across a wide range OF.
industries. Operating in more than 100 countries, our 16,000 professionals are dedicated to helping our
customers make the world safer, smarter and greener
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