BEFORE -
THE NATIONAL ELECTRIC POWER REGULATORY AUTHORITY (NEPRA)

APPLICATION FOR A GENERATION LICENSE FOR
SOLAR POWER GENERATION FACTLITY

FOR THE GRANT OF A GENERATION LICENSE UNDER SECTION 15 OF THI: REGULATION OF
GENERATION, TRANSMISSION AND DISTRIBUTION ACT 1997 OF NATIONAL ELECTRIC POWER
REGULATORY AUTHORITY (NEPRA)

&

THE FEDERAL GOVERNMENT’S
‘POLICY OF RENEWABLE ENBRGY FOR POWER GENERATION 2006’

ON BEHALF OF

ARTISTIC SOLAR ENERGY (PRIVATE) LIMITED

POWER PROJECT OF 50 MWP (THE PROJECT)
AT

SALEH PAT, DISTRICT SUKKUR, PROVINCE OF SINDH, PAKISTAN

DATED: 24" Tune, 2019

ARTISTIC SOLAR ENERGY (PRIVATE) LIMITED

POSTAL ADDRESS : PLOT N0.3A, MACHS, MAIN SHARAH-E-FAISAL , KARACHI

REGISTERED OFFICE  : REGISTERED OFFICE : PLOT 4 & 8, SECTOR-25, KORANGI INDUSTRIAL AREA,
KARACHI '
PHONE# . 102-21-38709711

Fax # :92-21-34321940
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’mc SOLAR ENERGY (PVT) LTI

Postal office : Plot 34, M.A.C.ILS. Main Shahrah-e-Faisal, Karachi-75350 Pakistan

Phone : 92-21-38709711, Fax : 92-21-34321940, Email » energy@artisticmilliners.com

Dated: 24" june, 2019
The Registrar,
National Electrical Power Regulatory'Authority,
NEPRA Tower, Attaturk Avenue (East)
G-5/1, Islamabad

Subject: Application for “Generation License of Artistic Solar Energy (Pvt.) Limited” 50MWp Power Project at
- Salehpat, District Sukkur, Sindh,

l, Muhammad Rafique, Chief Financial officer (CFO} and Company Secretary, being the duly authorized
representative of Artistic solar Energy (Pvt.) Limited by virtue of Board Resolution dated 10" June, 2019 hereby

_ apply to the National Eiectric Power Regulatory Authority for the grant of a Generation License to Artistic Solar
_j Energy (Pvt.) Limited pursuant to section 15 of the Regulation of Generation, Transmission and Distribution of
Electric Power Act, 1997. ‘

| certify that the documents-in-support attached with this application are prepared and submitted in conformity

with the provisions of National Electric Power 'Regulatory Authority Licensing (Application and Modification
Procedure) Regulations, 1999, and undertake to. abide by the terms and provisions of above-said reguiations. |
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.

Two Bank Drafts #06598511 dated 10 June, 2019 &t 06598836 dated 24" june, 2019 total in the sum of
Rupees 314,169/- (PKR Three hundred Fourteen thousand and One hundred sixty Nine 6nly), after deduction
of 8% WHT as per income ordinance rules 2001, being the non-refundable license application fee calculated in
accordance with Schedule-l} to National Electric Power Regulatory Authority Licensing ( Application and
modification Procedure) regulations 1999,

_The application is filed in triplicate with all annexures appended with each set of applications.

Yours sincerely,

For & On Behalf of Artistic Solar Energy (Pvt.) Limited

Mr. Mdhammad Rafique
CFO and Company Secretary

gt



ARTISTIC SOAR ENERGY (PYT) UTD.

Registered office : Plot 4 & 8, Sector-25, Korangi Industrial Area, Karachi-74400 Pakistan
Phone : 92-21-111 016 016 Fax : 92-21-35075446 Email : energy@artisticmilliners.com -

EXTRACT OF THE MINUTES OF THE BOARD OF DIRECTORS MEETING OF THE
COMPANY HELD ON MONDAY JUNE 10, 2019 ‘

"RESOLVED THAT the Company do.file an application to the Nationa) Electric Power
Regulatory Authority for seeking a generation license for the development of 50 MW Solar
power project at Salehpat, District Sukkur, Sindh, pursuant to and under Sections of the
NEPRA Act read with other enabling provisions of the NEPRA Act, the National Electric
Power Regulatory Authority Licensing (Application & Modification Procedure) Regulations
1999, National Electric Power Regulatory” Authority Licensing (Generation) Rules 2000, and in
accordance with the Policy for Development of Renewable Energy for Power Generation 2006
and to enter into any subsequent modifications, and in relation to the foregoing, 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 RESOLVED THAT in respect of filing of application for Generation License
(including any subsequent modifications) for submission to National Electric Power Regulatory
Authority, MR. YAQOOB AHMED (Chief Executive Officer) and/ or MR, MUHAMMAD RAFIQUE
(Chief Financial Officer and Company Secretary) be empowered and authorized for and on
behalf of the Company to:

(D Review, execute, submit, and deliver the application for Generation License
(including any subsequent modifications) and any related documentation required
by National Electric Power Regulatory Authority for the determination of the
application for generation license, including any contract, documents, power of
_attorney, affidavits, statements, letters, forms, applications, deeds, guarantees,
undertakings, approvals, memorandum, amendments, letters, communications,
notices, certificates, requests, statements -and any other instruments of any nature
whatsoever; '

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

(i) Sign and execute the necessary documentation, pay the necessary fees, appear
before the National Electric Power Regulatory Authority as needed, and do all
acts necessary for completion and processing of the application for Generation
License including any modifications;

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

(v) Do all such acts, matters and things as may be necessary for carrying out the
purposes aforesaid and giving full effect to the above resolutions/resolution,



l'\.,J‘

ARTISTIC SOWAR ENERGY (PVT) ITD.

Registered office : Plot 4 & 8, Sectoi‘~25, Koran gi Industrial Area, Karachi-74400 Pakistan
Phone : 92-21-111 016 016 Fax : 92-21-35075446 Email ; energy@artisticmilliners.com

"AND FURTHER RESOLVED THAT MR. YAQOOB AHMED {Director) and/or MR.
MUHAMMAD RAFIQUE (Chief Financial Officer and Company Secretary), be and are hereby
authorized to -delegate all or any of the above powers in respect of the forgoing to any other
officials of the Company as deemed appropriate. -

IN WITNESS THEREOF, I hereunder set my hands as such Company Secretary and affixed the
‘corporate seal of said company.

Muhammad Rafique
Company Secretary

2
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BEFORL
THE NATIONAL LECTRIC POWER REGULATORY AUTHORITY

AFPIDAVIT

AFFIDAVIT of MR, MUTAMMAD RAFIQUE, CNIC No. 42001.1625020.7, Chief Finawcial
- Officer & Company Sceretary of M!s Artistic Solar Tnergy (Private) Limited, Plot 4 & K, Korongi
Inclostrianl Aven, Kurnehi Pakistan,

tdo heérehy soleninly alfinn and declare thal:
i am (he Chiel Fliosoeial OiTicer & Company Scerenry of M Artistic Solar Fnergy (Private) Limiied,

Plat 4 & 8, Koranyg Tnduatrinl Aven, Karnehi Pokistan, and 1 anm fully convergant with the altairs of the
sold eonipany.

1. I am the muthorized ropreasentagive of the Company hy virtie of Bowrd Resolution daed fune 10,
2019
2 The conlems of accompanying Geoeralion License Applicalion dated JUNK R‘!, 2019 1o the

Nationa! Bleeiric Power Reguliory Awhiorly (NFPRAY aleng with the supponing documenls are
e and correct (o the best of my knowledge and Beliel uud nothing maleviat or relevant thercio
haa been conceated or withheld therettom.

i

T also afT that ab! further documentation and inlormation o be provided by me wr connection
with the aforespid Ceneralion License Application shall be tue and eorreet o the best of my
knowledys and belief.

14 mm N |
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VERIFICATION

It is hereby verified on solemn affirmation at J UN[lnizi' 2019, that the contents of the above Affidavit are
true and correct to the best of my knowledge and belief, and that nothing material or relevant thereto hds
been concealed or withheld therefrom.

...............................

DEPONENT

[
iye

i SAD BAIG
ADVOCATE 8 NOTARY PUBLIC
KARACH!- PQ!&!SMN




Prospectus

Generation License

Artlstlc Solar Energy (PVT) LTD

- Salehpat, District Sukkur, Sindh

Introduction

1.

The Proigc];

Artistic Solar Energy (Pvt) Ltd (herein after "A'SEPL"] is developing a 50MWp solar PV
plant at Salahpat, District Sukkur. Sindh.

- The company obtained LOI from Government of Smdh ("GOS") dated 13t April,- 2016

extended twice on 15% January, 2018 and on 26" April, 2019 respecnvely, and is
actively working towards Implementatlon of subsequent mllestones :

Power produced by the project will be exported at 132KV via a power evacuation point
within the project site.

The plant and its equipment will be designed, manufactured assembled, and tested in
accordance with internationally recogmzed standards and statutbry regulations. Plant
operations shall be compliant to Pakistan National Env1ronmental Quality Standar‘ds

{NEQS).
The Project Company

As required under the Section 24 of Regulation of Generation, Transmission, and
Distribution of Electric Power Act, 1997 (the 'Act”) of National Electric Power Regulatory
Authority ('NEPRA' or the 'Authority’), ASEPL is an entity incerporated under the
Companies Ordinance, 1984 on 18t August, '2015 to act as a Special Purpose Vehicle
(the 'SPV') and develop the Project, Sponsored by Artistic Milliners (Pvt) Ltd (“The
Sponsor”).

The Sponsor

Artistic Milliners (Pvt) Ltd was established in 1949, and is today one of Pakistan’s
leading business houses and one of the ldargest premium qudlity denim cloth and
finished products mills in the country. The company is engaged in the manufacturing
and trading of denim, garments and fabrics and has the distinct privilege of being one of
the few mills that are completely export oriented. '

The subsidiaries/ Associated companies of AM are: -

Artistic Energy (Pvi) Ltd : 493 MW Wind Power Plant located in Jhimpir, Sindh;
Started commercial activity in March, 2018. The project has 29 GE 1.7MW wind
turbines. - ' ' '
Artistic Wind Power (Pvt) Ltd : 50 MW Wind Power Plant In Jhimpir, Sindh. The
project is in the development stage with Generation License and Tariff already granted.




Prospectus
Generation License

Artistlc Solar Energy (PVT)LTD
Salehpat, District Sukkur, Sindh

The project is on track to achieve financial close by November, 2019. The project will -
subsist of Goldwind wind turbines.

Artistic Hvdro I (Pvt) Ltd : Approximate 63 MW hydro power project located at Panjkora
" River, Upper Dir, KPK. The company has been registered under the Cempanies Act 2017 in
2019 and has been issued LOI by Pakhtunkhwa Energy Developmerit Ofgariizatien {PEDO),
currently feasibility study has been carried out by renowned international consultant
DOLSAR Mithendislik in collaboration with BAK Consulting Engineers. The project intends to
achieve financial close by March, 2021 and achieve commercial operations by March, 2024.- '

Artistic Hydro Il (Pvt) Ltd : Approximate 55 MW at Ushu Rlver, Swat, KPK. The
company has been registered under the Companies Act 2017 in 2018 and has been issued
LOI by Pakhtunkhwa Energy Development Orgamzatmn (PEDO), curi‘ent]y feasibility study
has been carried out by renowned international consultant DOLSAR Miihendislik in °
collahoration with BAK Consulting Engineers. The project intends to achieve financial close
by March, 2021 and achieve commercial operations by March, 2024.

. The Project Site

The project Site is located in Salehpat District Sukkur, Sindh, The Site is apprommately
500Km from Port Qaism.
The coordinates of the proposed land are attached in Annexure XII Sch-1

. Current Status of the Project

The Project is bemg developed and managed by experlenced Project team of ASEPL
which

has been working dlhgently for its early 1mplementat10n Refer Annexure V for the
Resumes of management.

The Project has already reached an advanced stage and accomphshed the followmg
Initial Environmental Examination has already been submitted to SEPA, submission
letter is attached with [EE report, Annexure X.

Grid Interconnection Study is approved by SEPCO and under review by NTDC, approval
and submission letters attached with GIS study, Annexure vilL 7
Feasibility study has been submitted to Renewable Energy Department GOS, submission
letter is attached with Feasibility Study, Annexure IX

The Company is on course for tariff negotiation and financial close,



Prospectus
Generation License
Artistic Solar Energy (PVT) LTD
Salehpat, District Sukkur, Sindh

6. - The Purchaser.

e The Company is to enter into a Energy Purchase Agreement (EPAj with CPPA-G for the
sale of energy generated by the Project for a term of twenty five (25) years.

Technical Description

The details on technology and its conflguratlon grld mterconnectlon electrical diagrams,
plant characteristics etc,, are available in the Reports attached as Annexure VIIL IX & X
‘however a brief technical summary of the Project is given hereunder:

1. Technology _ ,

The maximum power plant capacity of plant is 50 MWp. The p_ow:éi‘ plant will be based
on Photovoltaic (PV) technalogy with single axis tracking. The plant will have central
inverters to convert the Direct Current (DC) current to A]ternate Current. The Project |
company has selected Timec 1500V 5.1 MVA Solar ware station invertor & JA- Solar
Polycrystalline Half-Cell Module JAP72510 340W solar panels.

2. Grid Interconnection

The Project will transmit power via its 132kV switchgear and the interconnection would
be made at 132kV NARA-C1 grid, The transmission line would be double circuit line
consisting of 8KM. Refer to Annexure-XII, Sch-I for interconnectiot scheme.

3. Project Timeline

The Project life and EPA term has been assumed as 25 years from COD and Post
Financial Close project construction duration is approximately 12 months.

Financial Close is targeted in 2020 with a target Project Commerc1a1 Operations Date
. ("COD™) of 2021. '

4. Project Costs.

The initial cost of project is estimated at USD 45 Million, The project financing will be
based on debt to equity ratio of 80:20, consisting of USD 36 Millian as debt and USD 9
Million as equity from the Sponsor company. ‘

The proposed Solar Project uses. clean and renewable solar resource with zero
emission, when put into operation, the project will provide power supply to the
central Pakistan power grid, which ' currently is mainly relying on fossil fuel.
Therefore, it can help to reduce the greenhouse gas emission from coal or oil-fired
power generation and play a part in social amelioration of local populatioh. In
conclusion the project has no adverse social or environmental implications.

+
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Introduction

1.

2.

The Profject

Artistic Solar Energy (Pvt) Ltd (herein after “ASEPL”) is developing a 50MWDp solar PV plant at Salahpat,
District Sukkur, Sindh.

The company cobtained LOI from Government of Sindh (“GoS") dated 13th Aprilr-2016 extended twice on
15% January, 2048 and on 26% April, 2019 respectively, and is actively working towards
Implementation of subsequent milestones,

Power produced by the project will be exported at 132KV via a power evacuation point within the project
site.

The plant and its equipment will be desigriéc-i,‘ manufactured, assembled, and tested in accordance with
internationally recognized standards and statutory regulations. Plant operaﬁons shall be compliant to
Pakistan National Environmental Quality Standards (NEQS).

The Project Company

As required under the Section 24 of Regulation of Generation, Transmission, and Distribution of
Electric Power Act, 1997 (the 'Act’) of National Electric Power Regulatory Authority ('NEPRA' or the

‘Authority'), ASEPL is an entity incorpofated under the Companies Ordinance, 1984 on 18t August,

291*5 to act as a Special Purpose Vehicle (the 'SPV") and develop the Prbject, Sponsored by Artistic .
Milliners (Pvt) Ltd (“The Sponsor”).

.” The Sponsor

Artistic Milliners (Pvt) Ltd was established in 1949, and is today one of Pakistan’s leading business
houses and one of the largest premium quality denim cloth and finished products mills in the country.
The company is engaged in the manufacturing and trading of denim, garments and fabrics and has the

distinct privilege of being one of the few mills that are completely export oriented.

The subsidiaries/ Assaciated companies of AM are:

Artistic Energy (Pvt) Ltd : 49.3 MW Wind Power Plant located in Jhimpir, Sindh; Started commercial
activity in March, 2018. The project has 29 GE 1.7MW wind turbines.

Artistic Wind Power (Pvt) Lid: 50 MW Wind Power Plant In [himpir, Sindh, The project is in the
development stage with Generation License and Tariff already granted. The project is on track to

achieve financial close by November, 2019. The project will subsist of Goldwind wind turbines.
P _



Artistic Hydro I (Pvt) Ltd : Approximate 63 MW hydro power project located at Pa'njkora River, Upper

Dir, KPK. The company has been registered under the Companies Act 2017 in 2019 and has been issued LOI
by Pakhtunkhwa Energy Development Organization (PEDO), currently feasibility étudy has been carried out
by renowned international consultant DOLSAR Mihendislik in collaboration with BAK Consulting Engineers.
The project intends to achieve financial close by March, 2021 and achieve commercial operations by March,
2024.

Artistic Hydro II (Pvt) Ltd : Approximate 55 MW at Ushu River, Swat, KPK. The company has been
registered under the Companies Act 2017 in 2018 and has been issued LOI by Pakhtunkhwa Energy
Development Organization (PEDO), currently feasibifity study has been carried out by renowned
international consultant DOLSAR Mithendislik in collaboration with BAK Consulting Engineers. The project

intends to achieve financial close by March, 2021 and achieve commercial operations by March, 2024.

. The Project Site

The project Site is located in Salehpat, District Sukkur, Sindh, The Site is approximately 500Km from
Port Qaism.

The coordinates of the proposed land are attached in Annexure XIL Sch-1

. Current Status of the Project

The Project is being déveloped and managed by experienced Project team of ASEPL which

has been working diligently for its early implementation. Refer Annexure V for the Resumes of
management. ' . -

The Project has already reached an advanced stage and accomplished the following

Initial Environmental Examination has already been submitted to SEPA, submission letter is attached
with [EE report, Annexure X¢ 7 -
Grid Interconnection Study is appraoved by SEPCO and under review by NT-DC, approval and submission
letters attached with GIS study, Annexure VIII. - |
Feasibility study has been submitted to Renewable Energy Department GOS, submission letter is
attached with Feasibility Study, Annexure IX

The Company is on course for tariff negotiation and financial close.

The Purchaser

The.Company is to enter into a Energy Purchase Agreement (EPA) with CPPA-G for the sale of energy
generated by the Project for a term of twenty five (25) years.



Technical Description

The details on technology and its configuration, grid interconnection electrical diagrams, plant
characteristics efc., are available in the Reports attached as Annexure VIII, IX & X; however a brief

technical summary of the Project is given hereunder:

1. Technology
The maximum power plant capacity of plant is 50 MWp. The power plant will be based on Photovoltaic

(PV) technology with single axis tracking. The plant will have central inverters to convert the Direct
Current {DC} current to Alternate Current. The Project company has selected Timec 1500V 5.1 MVA
Solar ware station invertor & JA- Solar Polycrystalline Half-Cell Module JAP72516 340W solar

panels.

O 2. Grid Interconnection

The Project will transmit power via its 132kV switchgear and the interconnection would
be made at 132kV NARA-C1 grid, The transmission line would be double circuit line consisting of 8KM,

Refer to Annexure-XII, Sch-I for interconnection scheme.

3. Project Timeline

The Project life and EPA term has been assumed as 25 years from COD and Post Financial Close project
construction duration is approximately 12 months. '

Financial Close is targeted in 2020 with a target Project Commercial Operations Date ("COD") of 2021.

) 4, Project Costs.

The initial cost of project is estimated at USD 45 Mil]ion, The project financing will be based on debt to
equity ratio of 80:20, consisting of USD 36 Million as debt and USD 9 Million as equity from the

Sponsor company.

The proposed Solar Project uses clean and renewable solar resource with zero emission, when put
into operatibn, the project will provide,powér supply to the central Pakistan power grid, which
currently is mainly relying on fossil fuel. Thérefore, it can help to reduce the greenhouse-gas
emission from coal or oil-fired power generation and play a part in social amelioration of local

population. In conclusion the project has no adverse social or environmental implications.
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Technology of Panels;
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JASOLAR - - JAP72510 330-350/SC

MECHANICAL DIAGRAMS SPECIFICATIONS
) |
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TR A I et | :
—lal . |
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LLILHLL ] 1 L——\,—n——-—;, Packaging Conflguration 27 Per Pallel
Remayle: customizéed frame calor and cablz lenglh avaltable L0 FRUES!

ELECTRICAL PARAMETERS AT 5TC

JAPT72510 JAF7251D JAFT72510 JAP72510 - JAFT2510
TYPE -330/5C -3¢ -3408C -345/8C -350/8C
Rated Maximum Power(Fmax) [W] ase 335 340 345 350
Open Circuit Voltage{voc) [V] 4554 " 4573 45,80 46.07 48,27
Maximum Power Voltage(Vmp) [V] 37.72 ©. 3780 ;o8 38.25 3643
Short Circult Current(lsc) [4] 9,26 0.35 .43 9,50 7 9,68
Maximum Power Current({lmp) [A) 8.75 6.84 8.93 9.02 . 9.1
Module Eficiency [%} 164 16.7 16.9 17.2 174
Powar Tolerance . 05\
Temperature Coefficient of 1sc(o_lsc) +0.054%/C.
Temperature Coefficient of Voc(p_Voc) . . -0,300%/ C
Temperalure Ceefficient of Pmaxty_Pmp) ’ -0.370%/C
5TC : . frradiance 1000W/m2, cell temperature 25°C, AM1.5G

Remark: Elzclrical data in this calalag de not refer to a single modute and they are nol part of the offer. They only sarva for comparisan among dilferent module ypes.
*For NexTracker Installations slatic loading performance: front (oad measures 2400Pa, whila back load measures 2400Pa.

ELECTRICAL PARAMETERS AT NOCT . OPERATING CONDITIONS
. JAP72810 © JAP72S10 JAPTZSI0 JAPT2510 JAP72S10 .
TYPE _330/SC L335/50 -340/5C 345/50 “350/S0 . Maximum Syslem Vellage  1000W/1500V DC(IEC)
Rated Max Power(P max} [W] 244 248 252 256 2580 Operating Temperature ~40°C~+85°C
Open Circuit Voltage{\Voc) [V} 43,08 44.17 44,35 44,51 44.66 Maximum Series Fuse 20A
Max Power Voltage(Vmp) [V] 3536 - 35.63 35.69 35.85 35.G1 Maximum Stalic Load,Fronl* 5400Pa
Short Circuit Current(lsc) [A] 7.35 743 7.51 759 = 7.67 Maximum Static Load, Back* 2400Pa
-Max Power Gurrent(lmp) [A] ' £.90 eos - 706 7.4 7.22 NOCT- ' 45£2°C
NOGT Irradiance BOOW/m?, ambient termperature 20°C, Application Class Glass A
. wind speed tm/fs, AM1.5G
CHARACTERISTICS !
Current-Voltage Curve JAP72510-340/SC - PowerValtage Curve JAP72510-340/80C 7 Currenl-'\/oiiage Curve JAP72510-340/SC
10 350 ia
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Technology of Inverters
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Technical Specification

5 1500V 5.1TMVA SOLAR WARE STATION

Pakistan 50MW PV Project
- GO-LO-ES-20190513-001-A

Toshiba Mitsubishi-Electric Industrial Systems (China) Corporation
) Energy & Industrial Preducts Division
PV Team

TMEIC Confidential -



TMEC

General Specification

£

This specification describes the general data of the
(SOLAR WARE STATION) utilized TMEIC’s large sca

The detail specifications of the SOLAR WARE STATION are described

numbers of them can be found below.

1. Project Name:

N19-SA-PV-101-A

proposed 1500V 5.1MVA SOLAR WARE STATION
le PV inverter, type PVH-L2550F,

in other documents. The reference

Pakistan 50MW PV Project

2. Capacity: o 5. 1MW/, 1VA
3. Type of inverter: M PVH-L2550E (Input: 1 500Vde, Output: 2550kW/2550KVA)
4. Numbers of Station; |
5. 1MW/5.1MVA station 2 sets f PVH-L2550E

5. AC Frequency: 50Hz / L1 60Hz
6. AC nominal voltage: 0 11kV /D 22kV/ | 33kV / {01 Other: k)
7. Type of MV switchgear (RMU): * B 2L+C(2"Load Switch + 1*Circuit Breaker)
8. Auxiliary Transformer: ] S_tandard 10kVA / O Non-Standard ... Capacity: __ kva
9. UPS: [1No /M Yes ... Capacity: 1 RVA
10. DC input monitoring: B No /[0 Yes (sensor per input)
11. Night Var Compensator: A No /10 Yes
12. Negative Groundiné: B No /[ Yes
13. Insulation monitaring: ONo /™ Yes .
14. Transformer;

a) Coll material [ Aluminum / @ Copper

b) Biodegradabls oil for transformer O No /M Yes

¢} Transformer with 50°C D_Nd /B Yes

d)  With altitude of over 1000m O No/H Yes

e) ECO design traf;sfbrfﬁef' ' D f\-]o‘;’- ~§ Yes
15. RMU T N

a} Type: SF6 aeration tank | .No /@ Yes

b) RMU remote on/off: CONo /B Yes

c) Short Circuit current: 20kA(3s): LI No /M Yes

2
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1. General

1-1. Technical Specification of SOLAR WARE STATION

This electrical equipment technical specific:ation describes our proposed 1500V 5.1MVA SOLAR WARE
STATION with PVH-1.2550E Inverter for photovoltaic power plant.

Table 1-1 lists the scope of SOLAR WARE ‘STATION. Please refer to attachment A for the single line
diagram. All the necessary cables, cabling works within SOLAR WARE STATION and commissioning
works are included in this proposal. - :

Table 1-1 BOM of 1500V 5.1MVA SOLAR WARE STATION with PVH-L2550E

1 Package ISO standard size 40'HC container : 1lpc Section 2-1

- 2550kW/2550kVA inverter {including y
2 PVH-L2550E integrated DC box) o 2 pcs Section 2-2
Three-phase, 50/60Hz, Dyl11y11, 5 1MVA,
3 MY Transformer 33/0.65/0.63kv 1pc -Section 2-3

{=Frequency and voltage of HV side depend
on the requirement)

50/60Hez, 36KV, 630A, 2L+C or L+C
4 MV Switchgear (%Frequency and voltage requirements 1pc Section 2-4
depend on the local power grid )

Low voftage distribution panels, outlets 1 Seé '

5 .
LV panels * (%Type depends on the requirements)
Connegction / cakling between LV panels, _
6 Cables ' inverter, MV transformer and MV switchgear 1 set Section 2-1
are included,
7 Ventilation Louvers, inverter fans, exhaust-fan and filters  1set - . o
Systems o
Auxili : ' :
g ouxnany Three-phase, 50/60Hz, Dyn1l, 10VA-380V 1 pe ;
Transformer . . i
9 Lighting L.amps fitted with light bulbs and emergency - 1 set . )
_ light - - : : - ‘
. | . ! v Fl )
10 Safety Equipment Stl:::wes. insulated stool, CO. fire extinguisher, 1 set )

11  Others ' UPS can be supplied. as an option. - 1 set -

TMEIC Confidential
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1-2. Installation and Operation Environment

When installing or operating the SOLAR WARE STATION and related devices, ensure that the installation
and operation environment complies with Table 1-2.

Failing to observe these standards may deteriorate insulation, causing short life and malfunctions. Before
installation, measure and evaluate the environment of Ihe installing location. If the standards are not
satisfied, it is recommended to take necessary action before installing or operating the SOLAR WARE
STATION. The SOLAR WARE STATION must be protected from marine environment and must be sealed
from corroswe gas and salty air m accordance Wlth Table 1 2

Table 1-2 Power Conditioning Systém installation and operation environment

1 Installation location Cutdoor”

-20°C to +50°C

2 Ambient Temperature Range o . -
P 9 Temperature rise in container shall be within 5°C.

9 Relative Humidity The relative humidity must be held beiween and 95% @ No

. condensation
4 Altitude Up to 1000m above sea level. 2000m as an aption
5  Vibration ' Stéticlacceleratic‘)rn 1.0G {Horizontal)
3] P IP54 (Equivalent)
7 Salt Area ' No Salt area (More than 10km away from sea.)
8 Flammabil-ity Thgre should be no inflarﬁmable/e'xplosiv.e gas.
9  Maintenance Space - 1500mm for ]eft and right, 1000mm for front and rear. -

TMEIC Confidential
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2. Specification of the equipment

2-1. SOLAR WARE STATION

The SOLAR WARE Station is a fully integrated 5.1MVA power station. It is designed based on the principle
of "plug and play”. The inverter, transformer, RMU and the auxiliary equipment are all integrated, installed,
tested and shipped as a complete unit.

The system consists of an ISO standard size 40ft High Cube container with an external dimension of
12m x 2.4m x 2.8m. The inside of the container and the layout are shown in Figure 2-1(for reference).

Cable entry is from the boftom of the container (refer to attachment B,)

The appearance of the SOLAR WARE STATION is shown on attachment C.

Transformer
Inverter {IP21)

Inverter (IP21) .

Container {IP 54)

Figure 2-1. Layqut of 5. 1MW SOLAR WARE STATION (For reference)

TMEIC Confidential
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A. Control Circuit for supplied equipment
The Single Line Diagram is shown in attachment A. This is for reference only.

B. Communication Wiring
- Communication cabling in SOLAR WARE STATION is not included.
- (Optical) cable to the outside of SOLAR WARE- STATION is not included.
- TMEIC provide control, signal cable from RMU, Transformer, Inverter to RTU panel.

C. Cable
Cable and cabling work for outside of the SOLAR WARE STATION is not included.
- Both DC and AC cable entry of inverter are bottom entry. . .
- Cable and cabling work from PV panels to Inverter is not included.
- Cable and cabling work from SWGR to High voltage system is not included.
DC cable termination details are shown in Figure 2-2.

41

184, 4

SECTION X-X
DO-INPUT TERMINALS

4 ‘ ST ’ 4

BhbhBhbobubhbbbl  BAAAULALELLAALEY

L28ararororarannaie gy ]’LJ.‘IE'?[TJ 260 g7 ITOIG TG GTO 0TI 26

SEGTION B-0
DG-TNPUT TERMIMALS

Figure 2-2, DC cable termination drawing

-~ D. Customer Furnished Equipment (CFE)
SCADA, DAS and site data controller are not the scope of supply.

E. Stairs and Safety Railings
If the package(s) are to be mounted on piers requiring stairs and safety railings, the stairs and safety
railings are not scope of supply and should be supplied by others.

F. Cooling Method
- Forced air cooling.

TMEIC Confidential- ' .
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2-2. Inverter and DC box

2 sets of PVH-L2550E inverter are integrated in SOLAR WARE S

of PVYH-L.2550E.

DC-Box is integrated in each PV inverter. Number of in

each).

2—3: MV 3-Phase Transformer -

N19-8A-PV-101-A

Specification of fransformer for PVH-L2550E is described in below Table 2-1.

Table 2-1 Transformer for PVH-L2550E

10
11

12

13

14

15

. Note: Secondary oil container is not included with the

Standard:

Capacity

Rated HV Voltage
Low Voltage

Rated Frquency _
Number of phases
Nu.mber of winding |

Vectar group symbol
Temperature Rise

Cooling Class
fnsulating Fluid

Winding material
Ambient Temperature

Elavation

Corrosivity category

onsite by others.

TMEIC-Confldential

IEC60076
5100/2550/2550kVA
W .

630-630V

50/60Hz -

3

Cyllyil

Oil 55°C, Winding 60°C (in case of Maximum 45°C of ambient

© temperature)

ONAN
Mineral Oils (biodegradable oil can be supplied as an option)

Aluminum/Copper

Maximum 45°C {50°C as options and specification will change

~accordingly)

Designed for operation at 1000 m above sea level

. (Over 1000m above sea tevel can be supplied as an option)

C4

s

TATION. Refer to Technical Specifications

puts Is 16 inputs as standard (Maximum 250A for

package. If required, provision should be made
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2-4. MV Switchgear

Specification of switchgears is described in below Table 2-2.

Table 2-2 SWitchgear specification

1 Standard [EC62271-200

2 Rated voliage 3GkV

3  Model SFG Breaker Protection

4 Type v 21L%C (2+Load Switch + 1xCircuit Breaker) or L+C
5 Number of phases - . _ 3

6 Rated currents B30A (400A as optional)

7 Short Circuit current _ : 20kA/3s

8  Rated frequency . ' 50/60Hz

9 Ambient temperature ' -5°C to 45°C

IPB5 (Medium voltage compartment)
"~ 10 Protection Index ) IP3XC (Operating mechanism compartment)
' IP3XC (Cable compartment)

@ vos
(@ 3-position disconnector

(3) 3-position switch disconnector

(@ Voltage indicator -

(& Self-powered protection relay
® CTRing type 33KV RMU INDOOR
33KV — B30A - 2L+1CR

...... T AT =
l_ ‘L l ‘L A l Retay @
® ®
L N 630A | L -sso;a' N ij‘of
20kA 29‘@*' |y
| @
ERN
|

O @

;—
|
-
I
o
1‘(
L

3y

i e

=3
BE.
S = g

| ;[?j;] @I £EA

[10P20 25vA | |
(lpZCT_50/5
SRR 10P20 25V

PO fraeeanan Weeerrnnerennnn
Figure 2-3. Single line diagram of RMU-(for reference)
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3. Communication

Communication system network structure

o K D ettt U P I S R 4 o e e e g,

- »

- b
Solar Power Station PV Plant 5
Control System - SCADA -
Ve
i B =

N# PV Station (N-1)# PV Station

&N W e [ @
Control Room . ‘\

b
. -
0 b 4 e ] B 0 a0 o 0 O Pt S A B B O 40 3 B € ok et P N

L
- - ~
o T U ———

-~
“,

N\

Y

e R

Switchboard \ : ‘ i’
- : s
(i [

1# PV Station

2# PV Station

Figure 3-1. Example of high-level system architecture for.the PV plant

Interface within SOLAR WARE STATION

!P ,fr

H i
gfvlotlhu;f!m’ ;MndbusﬂCP Koobs Tor %Ivlndbu:-jICP
i H H
! . i i

/D spnallav Status

1/0 sagrial GM/CFE commaznd] |

/0 slgnat (Aarm)

gaignaﬂmlarm:

Y0 signal (Trip) ;

Figure 3-2. Interface within SOLAR WARE STATION for reference

TMEIC Confidential
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4. Commissioning

® A Certified Field Engineer will pesform all startup and commissioning services for SOLAR WARE
STATION.

® Commissioning is in accordance with TMEIC's standard procedure.

® Commissioning time exclude time constrained by following conditions: waiting time for grid
connection, bad weather to clear out, other related equipment required for PV inverter
commissioning to be installed, and any other condition that requires technician to wait,

® Any additional work generated because of above reasons is subject to extra charge.
® Please inform approximate date of commissioning in order to secure technicians in advance.

® Testing of grid protection relay is not incldded. M

j Notes:

#® Both cold co_rhmission and hot commissioning schedule have to be conduct according to the agreed
schedule with TMEIC and Client in advance.

B Both cold and hot commissioning is based on assumption that DC side (PV arrays) and AC side are
ready to be synchronized. -

»  Cold Commissioning: (For Package)

- TMEIC's activity to set up the provided solution properly for the client to terminate the DC
and AC cable at site. (Example of the activity: remove the cover, install the duct, etc.)
Cable termination activity of the DC cabling, AC Cabling is not TMEIC's scope.

»  Hot Commissioning: (For Inverter)
- TMEIC's activity to confirm inverter is connected properly and works properly.
) B Waiting time due to lack of readiness from either side is subject of additional charge.

B Pre-Commissioning or off-grid commissioning is not included,

10
TMEIC Confidential
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The Companies Ordinance, 1984
“(Private Company Limited by Shares)

MEMORANDUM OF ASSOCIATION

OF

ARTISTIC SOLAR ENERGY (PRIVATE) LIMITED

- NAME

e

I.. The name of the Company is ARTISTIC SOLAR ENERGY (IS’RI'VATE) LIMITED

REGISTERED OFFICE

' . o«

II. The Registered Office of the Company will be situsted in the Province of Sindh.
OBIECTS
ML The objects for which the Company is established, are all 6r any of the following:

1. To carry on the business of power generation, operation and managemenl of
. bower generation projects anywhere in Pakistan or other countries of the world,
and to develop, design, finance, engineer, negotiate, purchase properties.etc. in
regard to the development, installation, commlissioning and operation of power
projects. - o - )

Z. To acquire on leasg, construct new complex(s), design, insure, own, operate and
malntain power generation complex(s) and to carry on the business of eléctricity
generation, power transmission and distribution services, refurbishment and re-
powering of power plants and to work generate, accumulate, distribute and
supply electricity for the purpose for which electrical energy can be employed.

(S5

To carry on the business of manufacture and supplies of all apparatuses and
things required for or capable of being used in connection with power
generation; distribution, supply, accumulaticn and employment of ‘electricity, and

as supplier of electrical power produced tirough wind, coal, fuel, steam, gas, - -
diesel, hydro-thermal power, dolar, atomic power, and.to buy, sell, manufacture,
repair, convert, alter, let on hire, and deal in machinery used for the
manufacturing and supply of electricity.

4.  To enter intd negatiation” and agreements with government authorities /
agencies, semi-gavernment bodies ar any other private associations, persons,
corporations and companies to. establish their own and acquire on lease power
complex(s} and for the sale and purchase of fuel and / or electricity in any
mode, : : a ’

5. Ta'acguire consultancy services and to enter into any power plant operations
and maintenance (O&M} agreements or a&ny other contract with regards to the
power plants.

6. To apply for tender, offer, accept, purchase ar otherwise acquire any contract

- . and concessions far or in relation to the projection, execution, carrying out,
fmprovements, management, administratians or control of works - and
convenlences and undertake, execute, carry out, dispose of or otherwise turn to
acceunt the same.



To acquire by concesslon, grant, purchase, exchange, barter, licence either
absolutely ar conditionally and either salely or jointly with other any lands,
buildings, easements, machinery, plants, equipments, privileges rights, licences,
trade marks, patent design, -copyright, licence, concession, convenience,
- Innovation and other movable and immovable property of any description which
“the Company may deem necessary or whiclt may seem to the company capable
of being turned to account, subject to any permission as required under the law.

To act as representative, for any person, firm or company and to undertake and
perform subcontracts, and also act in the business of the company threugh sub- s
contractors and to do all or any of the things mentioned herein in any part of T T
the world and elther alone or in collabaration with athers and by or throughf‘f-\';f".
agents, sub-contractor or otherwise, ’ ' N

To acquire and carry on- all or any. part of the business or property .of "
person, firm, -association suitable for any of the purpose of the Company }
carrying on any business this Company Is authorized to carry” on . and \Jji3. V)" )

consideration for the same to pay cash ot to issue shares of the Company, and?, ~
to undertake the liabilities of associated undertakings, R

To enter into arrangements with the government or authority (supreme,
municipal, local or otherwise) or any corporation, company or persons that may
seem conductive te the company’s objects or any of them and to abtain from
any such governments, authority, corporation,” company or person any charters,
rights, privileges and commisston which the Company may think desirable and to

carry on exercise and. comply with any such charters, contracts, decrees, rights,
privileges and cencessions. " )

Ta carry on joint venture agreements, enter into"pa‘rtnershlp, to amalgamate or
merge with other companies and / or to buy, all interests, assets, liabilities,
stocks or to make any arrangement for sharing profits, union of interests, co-
operation, joint venture, reciprocal concession or.otherwise with any person,
flrm or company carrying on or proposing to carry on any business which this
company is autharised to carry on or which is capable of being conducied so as
directly or indirectly to benefit his company and te have foreign collaborations
and to pay royalties / technical fees to collaborators, subject to the provisions of
. the Companies Ordinance, 1984. .

To.invest the funds of t‘l‘we Company not immediately required in the manner the
«company deems fit, . .

To Capitalize such portion of the profits of the Company-as are not distributed -
among shareholders of the Company in the form of dividends as the Board of

Directors of the Company may think fit, and to issue bonus shares, as fully paid-
up in favor of the shareholders of the Company. '

To grant pensions,’ allowances, gratuities and bonuses to the employees,
officers, ex-employees and ex-officers of the Company or its predecessofs in
business or the dependents of such persons, and to take over, fund, establish,
develop, endow of contribute ko any plan, scheme or project .or fund for any -
such purposes, or to any otlier welfare fund as super-annuation, sickness,
. provident, accident” fund or scheme, - and to support or subscribe to any
charltable or ather useful institutions,  sacieties, clubs, . organizations,
associations, funds, and to subscribe or guarantee, money for or towards any
national, charitable, benevolent, publicly beneficial or otherwise useful purpose,
object, scheme, plan, fund or for any axhibition, :



5.

16.-

17,

-18.

19.

20,

21,

22,
23,

24,

25.

26,

w

To ralify agreements or contracts executed h.y the prompteré of this Company

,With varlous individuals, firms, corparations ar government agencies in the
. interest of the Company prior to its incorporatian.

To borrow, ralse or secure the payment of money for the purpose of business of
the Company in such manner as the Board of Directors of the Company may
think fit and in particular by the issue of debentures ar debenture-stock,
whether perpetual or terminable of upon the whole or any part of the Company’s

assets both present and future and to purchase, redeem ar pay off or.discharge
any such securities. ' . :

To mortgage and charge the undertaking and alt or any of the moveable ‘and .~
immovalle property {(present and future) for the time being of the Company. 74

I o

Y
i
oul,

To borrow mbney for the purpose of business of the Company v‘vith or. wit
glving any security thereof and upon such terms as to priority or otherwi X
the Board of Directors shall think fit, ) b

To distribute in specie or otherwise any assels of, the Company amongstit

members in the event of winding up and for such purpose to distinguish ahc?!if_-‘
separate capital from profits but so that no distribution involving a reduction of*

capital be made except with the sanction (It.any) for the time being required by
law. :

To draw, make, accept, endorse, and negokiafe negotiable instruments such as

"Bilts of Exchange, promissery Notes, Cheques in connection with business of the

Company.

To do all or any of the above things anywhere in Pakistan or in any' place

_ outside Pakistan and to employ agent and employees for the same.

Generally to do, carry out all such other things as may be considered necessary,

_ Incldental or conducive to the fulfillment of the objects or any of the objects

above mientioned in this Memorandum of Assoclation of the Company.

To do all or any of the things herein before authorized in any part of the waorld
either alone or in conjunction with others -as agents for others residing in any
part of the world or by or through agents appointed in any part of the world,

To carry on any business, which may seem to the Company capable of being
conveniently carried on In- connection with any or calculated directly or
indirectly, to enhance the value of or render profitable any of Lhe Company's
property or rights.

To enter into partnerships, or Into any érrangement for sharing profits and

“losses, or for any union of interests, joint venture, reciprocal concessioh or co-

operation with any peérson or persons, or companies carrying on, or engaged in
ar about to carry on, ar engaged in or being authorized to carry on, or engaged
in any business or transaction which this Company is authorized o carry on or
engaged in, ar In any business or transaction ‘capable of being conducted, so as
directly to benefit this Company. *

To take, amalgamate or otherwise acquire and hold shares and/or other
securities of any other Company having objects altogether or in part similar o
those of this Company, or carrying on any business capable of being conducted
so as directly or indirectly to benefit this Company. _ ‘ '

]
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27. To remunerate any person, firm or Company rendering setvices to this Company,
whether by the payment of cash or by the allotment of shares ar securities of
the Company. - : :

28.. To sell or otherwise dispase of the whale or any part of the undertaking of the
Company for such consideration as the Company may think fit, and in particular
for shares, debentures or securities of any company purchasing the same.-

29. To have, keep, maintain and float subsidiary companies with abjects similar to
its own-and to have branches alt over Paldstan or elsewhere,

30. "To open any current, overdraft, cash-credit account or fixed account with any .- ““
bankers, or merchants, of the Company and to pay money into and draw mongy <> 7 T,
out of such account. A -

AR C Y
ot -

31. Ta pay all the costs, charges and expenses preliminary and incidental t ﬂwé"l }‘r
promotion, formation, establishment and incorporation of the Company. }"3 {af .
| | 5
32. To distribute any of the property of .the Company among its members in sp‘e_;c;i'g
: or otherwise in the event of winding up,  * : >

33. To act-and / or undertake and / or carry. on the office or offices so as to

' become, supervisors, promoters, executors, cemmittee, delegates, . substitutes,
receivers, liquidators or agents (except managing agents) or any other office or
situation of trust-or confidence of any Company, firm or person  either -
independently or jointly with any other company, firm or person and to petform
and discharge the duties and functions incidental thereto, either. gratuitously or
otherwise.

- 34. To carry out the business of setting up retail or whalesale shops so as to be able
to dispose off the various products this Company owns. '

35. To operate, conduct, accomplish and establish service for and relating to the
activities of the Company In. any aspect of trade, business or commerce and
otherwise relating to the same in Pakistan and abroad.

36.. And generally to do and perform all such ather acts as may be incidental or
conducive to the attainment of the above objects or any of them.

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

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



IV,

LIMITED LIABILITY OF MEMBERS

The liability of the members is limited.
- CAPITAL

The Authorized Capital of the Company is Rs. 100,000/- (Rupees One hundred
thousand only) divided into 10,000 (Ten thousand ) Ordinary shares of Rs.10/-
(Rupees ten only) each. The Company shall have power by special resolution
from time to fime to increase, consolidate, sub-divide, and reduce, to-divide
the shares into several classes or other-wise re-organise the share capital of

-the company subject to the provisions of the Companies Ordinance, 1984,

-«
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We, -the several persons, whose

subscribed below, are desirous of being formed into a company
Memorandum of Association and we respectively agree to take the number,

fn the capital of the company set opposite our respective names:

names and addresses and descript'ionsq;:aIi‘_é;"'“‘*“-
‘ o SRR # Ly,
in pursuancesgiithis Wy,
Pshajegu,, &
.:i‘(“\’ Y S ¥

Name and surname

Number of
(Present and former) in shares taken
fall ’ . Residential Address in iy each
(In block letters) / Fathers | CCCupation Full = % subscriber
Name / Natiocnality ; NIC #
g%' YAAI_?MDE%B(?I\':;"RED HOUSE NO. 35, STREET = 100 =
PAI(.ISTI\NI BUSINESS # 10, KHAYABAN-E- (One hundred
CNIC # 42201-4651073-5 MUHAFIZ, PHASE VI, DHA shares)
MR, MUHAMMAD OMER
AHMED , HOUSE NO. 35, STREET = 100 =
$/0. YAQOOB AHED BUSINESS # 10, KHAYABAN-E- ~{One hundred
e PAKISTANL - MUHAF1Z, PHASE VI, DHA shares)
CNIC # 42201-4652023-5
MR, MUHAMMAD MURTAZA
AHMED HOUSE NQ. 35, STREET = 100 =
S/0.'YAQUOB AHED BUSINESS # 10, KHAYABAN-E- {Cne hundred
PAKISTANI . MUHAFJZ, PHASE VI, DHA shares)
CNIC # 42201-8075257-7
=300 =
(Three
O
TOTAL hundred
shares)
' L]
Dated this 29'" day of July, 2015
Witness to the abave sighatures: .
i 11 Facilitation Technologies {Prlvate
Full Name, Fathers’ name in Block Letters R ::llziilt?gc? nstitutional Fac on te ogles ( )
‘ Dccupatlon
Full Address

5th Floor, AWT Plaza, 1,1. Chundrigar Road, Karachl

Signature

d Rewinirr o/ Ca o
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The Companies Ordinance, 1984
Private Company Limited by Shares

ARTICLES OFA.‘S'SOCIA TION
OF

ARTISTIC SOLAR ENERGY (PRIVATE) LIMITE

PRELIMINARY

Subject as hereinafter provided, the regulations contained In Table 'A' in the First Schedule
to the Companies Ordinance 1984, and other provisions in the Companies Ordinance 1984,
shall apply to the Company so far those are applicable to private companies. In case of conflict
between the pravisions herein contained and the provisions contained in Table A, the provision
herein contained shall apply. - .

DEFINITIONS AMD INTERPRETATIONS

In these Arlicles unless there be something in the subject or context inconsistent therewith,
words signifying the singutar number onty, shall include the plural and vice versa and words
signifying males only shalt extend fo and include females and words signifying persons, shall
apply mutatis mutandis to bodies corparate,

(a} "Articles" means the Articles of Association as originally framed or as altered from time
to time,
(k) "Capital" shall mean the capital of the Company for the time being raised or authorised

to be raised for the purpose of the Company.

{c)  "Company" means “ARTISTIC SOLAR ENERGY (PRIVATE) LIMITED"

(d) "Dividend" includes banus shares.
(e) "Memt;er" means the member of the Company within the rﬁeaning of ‘Ehe pravisions of
: Section 2(1)(21).
(£ ';Mont]1 an-d year" shall mean the English calendar month and English calendar year
respectively.
- {9) "Office" means the registered office of the Company for the time being.
{h} "Qrdinance" means the Companies Ordinance, 1984,
(i) "Register” means the register of thembers to be kept pursuant to Section 147 of ‘the
Ordinance. '
§))] "Section” means Section of the Qrdinance.
(k) "Seal" in relation to a Company means the Comnlon Seal of the Compa'ny.
(1) "Shares" shall mean the shares in. the capital of the Company,
{m) "Writing" includes printed, lithagraphed énd typewritten or other modes of representing

words in visible and legible form.



PRIVATE COMPANY

The Company is a Private Limited Company within the meaning of Clause (28) of Sub-sectign..- .

Eﬂ',q?;;' ‘Q;: "
SIS

(1) of section 2 and accordingly:- //-;:i/\\’,g\aas !
. ; c__‘.h.'

10,

11.

- 12,

(a) ° No invi_tation shall be issued to the public to subscribe for any shares, debe -'E:\l}"es”a,::.:"“
. debenture-stock of the Company. ' (“’

& ‘{
(b) - The number of the members of - the Company (exclusive of Lhe perso J@m\t’h :
employment of the Company) shall be limited to fifty; provided that for pu\gﬁ%_sés'
this provisions, where two or more persons hold one or more shares joint\‘?’l“lj__th
Company, they shall be treated as a single member; and \\'\’ .

(<) The right of transfer of shares in the Company Is reslricted.

. CAPITAL

“The authorised share capital df the Company is such amount divided into such number of

ordinary or other kinds / classes of shares as are set out in clause V of the Memorandum of
association of the company. N ’

 SHARES

No shares shall be offered for subscription except upon the terms that the amount payable on
application shalf be full amount of the nominal value.

The shares in the capital of the Company may be issued or allotted in payment or part
rayment of any property, land, building, machinery, -goodwill or goods supplied or any
service rendered to the Company and any shares so allotted may be issued as fully paid up

. and not otherwise,

The shares shall be under the control of the Directors who may allot ar otherwlise dispose of the
same as they may think fit.

The certificates of title to shares and duplicates thereof when necessary, shall be jssuad under

the seal of the Company, and signed by any two Directors ar officers of the Company duly
authorised by the Board of Directors. : ‘

Every member shall be entitled to one certificate for all the shares registered in his name or to
as many certificates as the Directors may from time to time decide. Every certificate of the
shares shall specify the number and denote the number of the shares in respect of which it is
issued and the amount paid up thereon. :

A new certificate in lieu of one defaced, iost or destroyad on proof thereof to the satisfaction
of the Directors and on such indemnity as the Directors may deem adequate shall be issued.

ENCREASE, REDUCTION AND RE-QORGANIZATION OF

SHARE CAPITAL .
The Company may fram time to time, by ordinary resolution, increase the shares capital by
creation of new shares or consolidate, sub-divide or recrganize its capital in such manner as
may be provided by law and as may be directed by the resolution passed at such meeting.

Subject to the provisions of the Ordinance, all new shares shall, before issue, he offered to

“such persons as at the date of the offer are entitled to receive notices from the Company of

general meetings in proportion, as nearly as the circumstances admit, to the amount of the
existing shares to which they are entitled. The offer shall be made by notice specifying the .
number of shares offered, and limiting a time within which the offer, if not accepted, will
deemed to be declined, and after the expiration of that time, or on the receipt of an intimation

K}
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13.

14,

16.

17.

18.

19,

20.

21,

22,

23.

from the person to whaom the offer is made that he declines to accept the shares offered, the
Directors may- dispose off the same in such manner as they thinlc most beneficial to the
Company, The Directors may likewise so dispase off any new shares which (by reason of the
ratio which the new shares bear or shares held by persons entitled to an offer of new

- shares) cannot, in the opinion of the Directors, be canveniently offered under this regulation,

The new shares shall be subject to the same provisions with reference to transfer, transmission:
and otherwise as the shares in the original share capital, :

The Company may, by special resolution, reduce its share capital in any mahner and
subject to, any incident authorised and consent required, by law,

TRAMSFER OF SHARES

Mo shares can be sold, mortgaged, or otherwise disposed off by any member to a n Dt< :
without previous sanction of the Directors., \\ %

S
- \":3\:‘:“"!'1: e

No transfer of any share shall be made or registered without the previous sanction of the -
Directors. .

. Any member desiring to sell any of his shares must notify to the Directors the number of

shares, the name, address and description of the proposed transferee, and if the Directors
approve the ci‘esired transfer, an entry shall be made in the Register of members on payment of
prescribed fee by the transferee and then the transfer shall be deemed to be duly effected.

The instrument of transfer of any share in the Campany shall be executed both by the
transferor and transferee, and the transferor shall be deemed fo remain holder of the share
until the name of the transferee is entered in the register of members in respect thereaf,

Shares-in the Company shali be transferred In the form prescribed by Table 'A' in First Schedule

or in any usual or common form which the Directars shall approve.

The transfer books and register of members may be closed during such time as the Directors
think fit. ' :

TRANSMISSION OF SHARES

The executors, administrators, heirs or nominees, as the case may be, of a deceased sole
holder of a share shall be the only persons‘recognise_d by the Company as having any title to
the share. In the case of a share registered in the namé of two or more holders the survivors or
survivor, or the executors or administrators, of the deceased survivor, shall be the only persons
recognised by the Company as having any title ta the shares.

Any person hecaming entitled to a share in consequence of the death or insolvency of a
member shall, upon such evidence being produced as may from time to time be required by
the Directors, have the right, either to be registered as a member In respect of the share or,
instead of being registered himself, to make such transfer of the share as the deceased or
insolvent person could have made; but the Directors shall, in either case, have the same
right to decline or suspend registration as they would have had in the case of transfer of
share by the deceased or insolvent person before the death or insolvency.

A person becoming entitled to a share by reason of the death or insolvency of the holder shail
be entitled to the same dividends and other advantages to which he would be entitled if he was
the registered holder of the share, except that he shall not, before being registered as a
member in respect of the share, be entitled in respect thereof to exercise any right conferred
by membership in relation to meetings of the Company.




Mo
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GENERAL. MEETING

The . first Annual General Meeting, shall be held within eighteen months frem the date of
incorporation of the Company and thereafter once at least in every calendar year and within a
period of four months following the close of its ftnancial year and not more than fifteen menths
after the halding of its last preceding annual general meeting. :

Al general meeting's of the Company other than annual general meetings shall be called iz

extraordinary general meetings. . 7-"‘.1"i‘.|:iillleui;f§,'~;i‘<:\

’
e
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26.

27.

28,

29.
30.
31.
32.
33.

34.

35.

b} L
™
-

S
NOTICE AND PROCEEDINGS OF GENERAL MEETINGS (71 i
N

Atleast twenty-one day's notice, specifying the place and the day and hour of t meeting;
afong with a statement of the business to be transacted at the meeting, and I casd)of >
special resplution, the general nature of that business, shall be sent to (a) every A '-;‘ml”j;g;_\;a
the Company (b) any person entitled to a share in consequence of death of a me}sﬁ

N

(c) to the auditors of the Company In accordance with the provisions of Section 50. Acéi’l‘léﬁ\t@[w .-
omission to give such nolice to or non-receipt of such notice by any member shall not invalidata-— -

the proceedings of the general meeting.

All Business shall be deemed special that is transacted at an extraordinary general meeling, and
also all that is transacted at an annual general meeting with the exception of consideration of
accounts, balance sheet and the réports of Directors and auditors, election of Directors,
appointment of auditors and fixing thelr remuneration, declaration of dividend.

No business shall be transacted at any general meefing unless a quarum of members is present.

The quorum of the meeting(s) shall be governed according to the provisions of the Qrdinance
as applicable to this company. :

At any general meeting, unless a poll js demanded, a resolution other than relating to
appaintment or removal of Directors, put to the vote of the meeting shall be decided by a

show of hands and an entry under the proceedings of the Company shall be conclusive
evidence of tht_e fact.

Before ar on the declaration of the result of the voting on any resolution on a show of hands, a
poll may be ordered to be taken by the Chairman of the meeting of his own maotion, and shall
be ordered to be taken in accordance with the provisiong of Section 167,

A poll demanded on the election of a Chairman or on a question of adjournment of a
meeting shall be taken forthwith, and a poll demanded on any other question shall be taken

at such time not more than fourteen days from the day on which it is demanded as the
Chatrman of the meeting may direct. .

The result of the 'pcll.shall be deemed to be the resolution of the meeting at which the poll was
demanded.,

VOTES OF MEM BERS

Subject to -any rights or restrictions for the time being attached to any class or classes of
shares, on a show of hands every member present in person shall have one vote except for
election of Directors In which case the pravisions of Section 178 shall apply, On a poll
every member shall have voting rights as laid down in Section 160.

In case of joint-holders, the vote of the senior who tenders a vote, whether in person or by
proxy, shall be accepted to the exclusion of the votes of the other joint-halders; and far this

-purpose seniority shall be determined by the orcer in which the names stand in the register of

members., o

A member of unsound mind, or in respect of whom an order has been made by any court
having jurisdiction in lunacy, may vote, whether dn show of hands or on a poll, by his

committee or other legal guardian, and any such committee or guardian may, on poll, vote by
proxy.

& and




36. On a poll, votes may be given either personally ar by proxy; provided that no body corporate

shall vate by proxy as long as a resolution of its Directors in accordance with the provisions of
Section 162 is.in force,

37. (1) The instrument appointing a proxy shall be in writing under the hands of the appointer
or of his attorney duly authorised in writing. A proxy must be a member.
L (2} The instrument appointing a proxy and the power of attorney or other authority(if ¢o
any) under which it is signed, or a notarially certified copy of that power or autl 'Qﬁfw,
shall be deposited at the registeted affice of the Company not less than Forf,f;%igh_
hours before the time for holding the meeting at which the person name foin i
instrument proposes ta vote and in default the instrument of proxy shall not ,’[';i;eate‘d

e

WA .,

g

as valid. ’ S ik
38. - Aninstrument appointing a proxy may be in the common form and shall be in writing: 4
. RS Yiny Mty
39. A vote given in accordance with the terms of an instrument of proxy shall be valid=r.

notwithstanding‘the previcus death or insanity of the principal or revocation of the proxy or
the authority under which the praxy was executed, for the transfer of the share in respect of
which the proxy is given, provided that no intimation in writing of such death, insanity,
revocation or transfer as aforesaid shall have been received by the Company at the office
hefore the commencement of the meeting or adjourned meeting at which the proxy is used,

40, The Chairman of any meeting shall be the sgle judde of validity of every vote tendered at '

such meeting and at taking of poll he shall be the sole judge of validity of every vote
tendered at such poll.

DIRECTORS

41. There shall be not less than twa Directors of the Comgpany. The Directors of the Company
shall  fix" the number of elected Directors of the Company not later than 35 days before
convening of the general meeting at which Directors are to be elected and the number so

fixed shall not be changed except with the prior approval of the general meeting of the
Company. .

-

42, The'féllowing are the first Directors of the Company.

1. Mr. Yagoob Ahmed
2. Mr. Muhammad Omer Ahmed
3 Mr. Muhammad Murtaza Ahmed

J 43, The Directors of the Company shall, unless the number of persons who offer themselves to

be elected is not more than the number of Directors fixed under Article 41 be elected by the
members of the Company in general meeting In the following manner namely:-

a) - . a member shall have such number of votes as s equal to the product of the number
of voting shares or securities held by him and number of Directors to be elected;

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

c) the candidate who gets the highest number of votes shall be declared elected as
Director and then the candidate who gets the next highest number of votes shall he

50 declared and so on until the total number of Ditectors to be elected has been so
elected,

44, First Directors shall stand retired at the First Annual General Meeting of the Company and
the Directors elected at the first Annual General Meeting or thereaftet shall hold office for
three years after theii election. A retiring Director shall continue to perform his functions until

L]



45.
46.

47,

- 48,

49,

‘50,

52.

53.

54.

.'Subject to the provisions- of the Ordinance, the Company may from time to time)nf@_‘;éﬁeral

. his successor is appointed. The retiring Directors shall be eligible for re-election.

save as provided in-Section 187, ne person shall be appointed as.a Director unless he is
member of the Company. .

The Directors of the Company elected under Article 43 shall hold oifice for three years except

the Directors appointed against casual vacancy who shall be subject to retirement in terms of
Article 49 hereof. )

"
o

A refiring Director shall be eligible for re-election.

o

o M ,'L:‘F“':\‘\
T \Ju'.',ul,g,u,yﬁ{\ N

meeting increase or decrease the number of Directors,

otk
i S

CASUAL VACANCY

Any casual vacancy occurring amorigst the Directors may be filled up by the Dir
the person so appointed shall hold office for the remainder of the term of the
whose place he is appolnted. -

REMOVAL OF DIRECTOR

A Director elected may only be-removed by.a resolution of the Company in General Meeting but
such @ resolution shall not be deemed to have been passed if the number of votes against it
equals to, or exceeds, the number of voles that would have been necessary for the election of
a Director at the immediately preceding election of Directors.

A Director may retire from office upon giving prior notice in writing te the Company of his

intention to do so, and such resignation shall take effect upon the expiration of such notice
or its earlier acceptance. - :

REMUNERATION OF DIRECTORS

Fach Director shall be paid out of the funds of the Company remuneration for attending the
meetings of the Directors or a committee of Directors according to the scale as may from time

to time be appraved by the Board of Directors.

If a Director shall be called upon to perform any extra service, .or make any special
exertion, or to go out of the place of his ordinary residence for any purpose of the
Company, or be actively engaged in the conduct and management of the business of the

Company, he shall be paid such remuneration as may be determined by the Board of
Directors. T .

PCWERS AND DUTIES OF DIRECTORS

The business of the Company shall be managed by the Directors who may pay all such
expenses preliminary  and incidental te the promotion, formatian, = estahlishment and
registration of the Company as they may think fit, and may.exercise all such powers of the
Campany and do on behalf of the Company all such acks as may be exercised and done by the
Company, and as are not by the statutes or by these Articles required to be exercised or
done by the Company in general meeting, subject nevertheless to any regulations in these

‘Articles, to the provisions of the statues and such regulations as may from time to time be

prescribed by the Company in general meeting, but no regulation made by the Company in
general meeting shall invalidate any prior act of the Directors, which would have been valid
if  such regulation had not been made.



BORROWING POWERS

Subject to the provisions of the Ordinance, the Board of Directors shall have the powers to
ralse or borrow any sums of money for and on behalf of the Company from firms,
companies, commercial banks, or financing institutions or the Directors may themselves

advance money to the Company upon siich terms and conditions as they may approve from
" time to time. ' ‘ :

The Directors ‘may from time to time secure the payment of such money in such manner and

upon such terms and conditions in all respects as they may think fit and in particular by t[]e-""":‘_m“.w

issue of debentures or bonds of the Company or by  mortgage or charge of all or.any."
part of the property or assets of the Company. !

57.
58,

59.

60.

6L,

62,

PROCEERINGS OF DIRECTORS

The guorum necessary for the meeting of the Board of Directors shall be the majority
Directors present in person, not being less than two.

A resolution In writing signed by all the Directors shall be as effective for ail pUrpoSses as a- i -

lresolution passed at meeting of Directors duly calted, held and censtituted,

All acts done by any meeting of the Directors, shall notwithstanding that it shall
afterwards be discovered that there was some defect in the appointment of any such
Director or person acting as aforesaid, or that they or any of them were disqualified be as
valid as if every such person has been duly appointed and was qualified to be Director.

DISQUALIFICATION OF DIRECTORS

A Director shall immediately cease to hold office on happening of any of the following events,
that is to say: _ .

(a) On his becoming in-eligible to be appointed a Director on any one or more of the grounds
enumerated in Clauses {a) to (h) of Section 187;

(EJ On his resignation from office by notice in writing to the Campany;
(<) On his removal by the Company in Qeneral meeting;

{d) On his being absent from three corisecutive meetings of the Directors or from all meetings
of Divectors for a continuous period of three months, whichever is the longer, without leave
of absence ftom the Board of Directors,

MOMINEE DIRECTOR

In addition to the elected Directors, the Financial Institutions shall be entitled, during the
currency of their respective loan(s) to the Company, ke appoint ane person on the Board of
Divectors of the Company to be called Nominee Director and to recall and/or replace such a
person. from time to time. Such Nominee Director on the Board of Directors of the Company
may not be holder of Shares in the Capital of the Company and other regulations and/or rules
pertaining to the election, retirement, gualification and/ar disqualification of the Director shall
rot apply to him.

MAMAGEMENT

The business of the Company shall-be managed and run by the Board of Directors who shall
exercise such powers as are necessary and expedient to conduct and run the business of the
Company, including the powers to make purchases and sales, appecint the officers and
emplayees of the Company, carrespond with the suppliers, clients and other customers, tp
make and sign all contracts and to draw, accept, endorse and negotiate on behalf of the




63.
64.
65.
66.
67.

Company all bills of exchange, promissory notes, drafts, to institute, conduct or defend any
proceedings for or against the Company before any Court, Government or Semi-Government;
autharity; to operate bank accounts of the Company including the power to sub-delegate any
of their powers to any Director or Directors or shareholder or other officer, emplovee or
attorney of the Company and generally to exercise all such powers as are exercisable by the
Beard of Birectors under the provisions of the Ordinance, or may be specifically delegated
to them by the Company in general meeting from time to time.

CHAIRMAN

The Directors may elect one of their members to be the Chairman of the Company. Ijgfs{-'}‘@,'.l.ﬁ:

preside over all the meetings of Directors and shareholders. He shall conduct and {;au'ge"wse . ( s
- election of Directors. He shall exercise and perform all other powers and functio

§3as may’
from time to time be delegated and assigned to him By the Board of Directors. f/a .

CHIEF EXECUTIVE ' =

-

(a) Within 14 days from the day of each election of Directors, a Chief Executiye will

be appointed by the Directors for a period of not exceeding three years and “on’they. «
expiry of the said period he will retire but he shall continue to act tll the™™
appointment of his successor. However, the first Chief Executive of the Company will
hold office upto-the conclusion of first Annual General Meeting. C

(b) A retiring Chief Executive will at all times be eligible for reappointment. The Chief
Executive shall, if he is not already a Director be deemed to be a Birettor of the
Company and be entitled to ali the rights and privileges and be subject to all the
liabilities of a Director. An elected Director is eligible for appeintment as a Chief
Executive. ' ’ o

{c) A Chief Executive shall be .paid such salary and aliowances and -enjoy such fringe

benefits and facilities as may from time to time be fixed and allowed by the Board of
Directors.

(d) The chief executive of the company can be removed in actordance with the provisions
of section 202 of the Ordinance. ' ' ’

THE SEAL

-

The Directors shall provide a common seal for purposes of the Company and shall have
power from time to time to destroy the same and substitute a new Seal in lieu thereof and
they shali provide for the safe custody of.the Seal. The seal of the Company shall not be
affixed to any instrument except by atithority of a resolution of the Board of Directors and
save as provided in Article 8, in the presence of at  least one Director or officer and such
Director or officer shall sign every instrument to which the seal shall be affixed in his
presence, such signature shall be conclusive evidence. of the fact that the seal has been
properly affixed. g

ACCOUNTS

The Directors shall from time to time determine whather and to what extent and at what time
and places and under what conditions ar regulations the accounts and books or papers of
the Company or any of them shall be open o ‘the inspection of members not being
Directors, and ne member (not being a Director) shail have any right of Inspecting any
account and books or papers of the Company except as conferred by law or authorised by
the Directors ar by the Company In general meeting.

-The Directors shall in all respects comply with the provisions of Sections 230 ta 236.

]




68.

70Q.

71,

72

73.

74,

C aubIT

Tne auditors of the Company shali be appointed and their duties regulated in accordance with

. Sections 252 to 255,

INDEMNITY

Every officer or agent for the time being of the Company may be indemnified out of the assets
of the Company against any liability incurred by him in defending any proceedings, whether
civil or criminal, arising out of his dealings ‘in relation to the affairs of the Company except

those brought by the Company against him, in which judgment is given in his fa‘vou/r;f'-'("}'{‘\;}}@‘;::;ﬁ;_\
which he is acquitted, or in connection with any application under Section 488 in WATGAS ‘Bliaf A IO
is granted to him by the Court. ' il N

AL e

e,

SECRECY

No member shall be entitled to visit or inspect any works of the Company \'z.}@‘ithd_ b et
permission of the Directors or the Chief Executive or to require discovery of an \amatler

information regarding any details of the Company's business or any matter which méyg?lgeylﬁ'-lthe )
nature of a trade secret, or secret process which may relate to the conduct of 'Btl‘é__l!:llj_lgﬁfoSj!_[{f,..
of the Company and which in the opinion of the Directors or the Chief Executive will nof be

in the interest of the members of the Company to communicate to the public.

RECONSTRUCTION

-

On any sale of the undertaking of .the Company, the Directors or the liquidator in a winding-up
may, if authorised by a Special Resolution, accept shares, debentures or securities of any
other Company, whether incorporated in Pakistan or not, either then existing ar to be formed
for the purchase In whole or in part of the property of the Company, and the Directors (if the
prafits of the Company permit), or the Liquidator (in winding-up), may distribute such
shares, debentures or securities, or any other preéperty of the Company amongst the
members without realisation, or vest the same in trustees far them, and any resolution may
provide for the distribution or appropriation of the cash, shares, debentures, benefits or
property otherwise than in accordance with the strict legal rights of the members or
contributories of the Company, and for the valuation of any such securities os property at such
price and in such manner as the meeting may approve, and all holders of shares shall be
bound to accept and shall be bound by any valuation or distribution so authorised, and waive
all rights in relation thereto, save only in case the Company is proposed to be or Is in the
course of being wound up, such statutory rights (if any) under the law, as are incapable of

‘being varied or excluded by these Articles.

WINDING UP

If the Company is wound up, the liquidator may, with -the sanction of a special resaolution of
the Company and any other sanction required by the Ordinance, divide amongst the members,
in specie or kind, the whole or any part of the assets of the Company, whether they consist
of property of the same kind or nat. .

Far the purpuse aforesaid, the liqijidator may set such value as he deems falr upon any
property to be divided as aforesaid and “may determine how such division shall be carried
out as between the members or different class of members.

- The liguidator may, with the like sanction, vest the whole or any part of such assets In

trustees upon such trusts for the benefit of the contributories as the liquidator, with the like
sanctian, thinks fit, but so that no memhber shall be compelled to accept any shares or other
securities whereon there is any liability. ‘



We, the several persons, whose names .and addresses and descriptions are subscribed below, are
desirous of being formed ‘into a company in pursuance ofethese Articles of Association and we

respectively agree to take the number of shares in the ca

respective names:

pital of the company set opposite our

) Name and surnamne -

(Present and former) in Nul‘!le?l' of
fFull . . ) shares talien
(In bloci letters) / Fathers Occupation Res;dent‘i[z:ll!ﬁddless ”,] sublr ?:?‘ii]h Signature
Name / Nationality 7 NIC seriber
i :
MR. YAQOOB AHMED HOUSE NO. 35, STREET 100 =
5/0. AHMED DMER : # 10, KHAYABAN-E- - N
PAKISTANI : BUSINESS MUHAFIZ, PHASE V1, m”;;‘fﬂ";gmd
CNIC # 42201-4651073-5 DHA
MR MUHAMMAD OMER HOUSE NO. 35, STREET ‘.
AHMED. # 10, KHAYABAN-E- = 100 =
5/0. YAQOORB AHED BUSINESS MUH.";FIZ PHASE VI {0ne hundred
% PAKISTANI ) oHA shares)
CNEC # 42201-4652023-5 '
MR. MUHAMMAD MURTAZA HOUSE NO. 35, STREET )
AHMED # 10, KHAYABAN-E- = 100 =
5/0, YAQOOB AHED BUSINESS MUHAFIZ, PHASE VI {One hundred
PAKISTANM] ) D’HA ! shares)
CNIC # 42201-8075257-7
=300 =
Three
TOTAL (
hundred
shares)

Dated this 29'" day of July, 2015

Witness to the above signatures:

°

Full Name, Fathers' name In Block Letters

Limlted

Matlonal Institutional Facilitation Technologles (Private)

Occupation

Fuil Address

5th Fioor, AWT Plaza, 1.1. Chundrigar Road, Karachl

Signature

to

i o
P m}/( 1/
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st fevgedoar g O

i
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SUMKUR ELECTRIC POWER COMPANY

Fhone: 07143100644
Fant 0719230342
Ernall; planningsepeogls@gmall.com

Planning Diractorate,
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The Draft Report of 50 MW Solar Power Plant by Artistic Solar Energy (Pvt.) Ltd. at Rohri,
Sindh, referred to as Artistic Solar PP, is submitted herewith. The maximum net AC output
of this plant would be 42.5 MW.

The latest generation, transmission plan and load forecast of NTDC has been used for the

study, attached in Appendix — A,

The study objective, approach and methodology have been described and the plant’s data

received from the Client validated.

The nearest grid facilities are the 132 kV substations of Nara-C1 and Rohri. Nara-C1 is 8km
from the site of Artistic Solar PP.

Due to the location of Artistic Solar PP, the most feasible interconnection scheme would
be direct double circuit from Nara-Cl grid. The looping distance is 8 km\ and Lynx
conductor will be used. The upcoming chapters discuss in detail the locatien and
interconnection of the Artistic Solar PP. A few approximate sketches are shown in

Appendix-B.

In view of plannhed COD of Artistic Solar PP in December 2020, the above proposed
interconnection scheme has been assessed for steady state conditions through detailed
load flow studies, short circuit analysis and stability criterion for Winter 2021 for

maximum thermal power dispatches in the grid,

Detailed load flow studies have also been carried out for peak and off-peak load
conditions of Summer 2021, and for future scenario of Summer 2023 for the proposed

scheme under normal and N-1 contingency conditions to meet the reliability criteria.

Steady state analysis by load flow for all the scenarios described above reveals that the
proposed scheme is adeguate to evacuate the maximum power of 42.5 MW of the plant

under normal and contingency conditions.

The short circuit levels of the Artistic Solar PP 132 kV are 5.58 kA and 5.92 kA for 3-phase
and 1-phase faults, respectively, in the year 2021. Therefore, industry standard switchgear
of a short circuit rating of 40 kA would be sufficient for installation at 132 kV switchyard
of Artistic Solar PP, as the maximum short circuit levels for thé year 2023 were also found
to be within this range, taking care of any future generation additions .a.nd system

reinforcements in its electrical vicinity and also fulfilling the NEPRA Grid Code

{% Power Plannets Intetnational iii|Page
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requirements specified for 132 kV switchgears. There are no violations of the power rating
of the equipment in the vicinity of Artistic Solar PP in the event of fault conditions.
%+ The dynamic stability analysis of proposed scheme of interconnection has been carried

out. The stability has been tested for the worst cases, i.e. three phase fault right on the
132 kV bus bar of Artistic Solar PP substation followed by trip of a 132 kV single circuit

from Artistic Solar PP to Rohri-New has been performed for fault clearing of 5 cycles (100
ms}, as understood to be the normal fault clearing time of 132 kV protection system. Also

the extreme worst case of stuck breaker (breaker failure) has been studied where the fault
clearing time is assumed 9 cycles i.e. 180 ms for single phase fault. The stability of the
system for far end fault of 3-phase occurring at Rohri-New 132 kV bus bar has also been

checked. The system is stable for all the tested fault conditions.
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1. Introduction

1.1. Background
Artistic Solar Energy (Pvt.) Ltd. Is developing a Photovoltaic (PV) based Solar Farm near Rohri,
District Sukkur, Sindh. The site of the proposed project is located in the concession area of
Sukkur Electric Power Company (SEPCO). A general idea of the grid stations in the vicinity of
the plant can be viewed in Sketch-1 attached in Appendix - B.

The maximum net AC output of the solar plant will be 42.5 MW. The project is expected to
start commercial operation by the end of December 2020. The electrici’gy generated from this
project would be supplied to the grid system of SEPCO through 132 kV grids available in the
vicinity of this project. The location of Artistic Solar PP can be seen in Sketch-2 attached in

Appendix - B.

1.2. Objectives

The overali objective of the Study is to evolve an interconnection scheme between Artistic
Solar PP and SEPCO network, for stable and reliable evacuation of 42.5 MW of electrical
power generated from this plant, fulfilling the N-1 reliability criteria. The specific objectives

of this report are:

. To develop scheme of interconnections at 132 kV for which right of way (ROW)
and space at the terminal substations would be available.

. To determine the performance of interconnection scheme during steady state
conditions of system, normal and N-1 contingency, through load-flow analysis.

. To check if the contribution of fault current from the plant unit increases the fault
levels at the adjoining substations at 132 kV voltage levels to be within the rating
of equipment of these substations, and also determine the short circuit ratings of
the proposed equipment of the substation at Artistic Solar PP.

. To check if the interconnection withstands dynamic stability criteria of post fault

recovery with good damping.
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1.3. Planning Criteria

The planning criteria required to be fulfilled by the proposed interconnection is as follows:

Steady State:
Voltage t 5 %, Normal Operating Condition
+ 10 %, Contingency Conditions
Frequency 50 Hz Nominal, continuous
49,8 Hz to 50.2 Hz variation in steady state
49.4 - 50.5 Hz, Min/Max Contingency Freq. Band
Power Factor + 0.95 (as per Grid Code Addendum No.2 for Solar

Power Plants)
Short Circult:
132 kV Substation Equipment Rating of 40 kA
Dynamic/Transient:

The system should revert to normal condition after transients die out with good damping,

without losing synchronism. The system is tested under the following fault conditions:

a) Permanent three-phase fault on any primary transmission element; including:
transmission circuit, substation bus section, transformer or circuit breaker. It is
assumed that such a fault shall be cleared by the associated circuit breaker action in 5

cycles.

b) Failure of a circuit breaker to clear a fault (“Stuck Breaker” condition) in 9 cycles after

fault initiation.

3
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2. Assumptions of Data
2.1. Solar Power Plant Data

The Solar Power plant has been modeled according to the following block diagram

Rest of
IRRAD modnle Paell  odnle Corvater Model: gygtﬁm
PVER and FYGU
Veltage
VT4 | pOcip
—p
by

The way this works is that the ifradiance profile from the sun is used as an input to the panel
module which then calculates the DC power at that value of the irradiance. This value is then
nput to the electrical model of the solar power plant (inverter module) which then goes on

to calculate the AC power supplied by the solar power plant.

Steady State Data:

Maximum Net AC Output of Solar PP to Grid =42.5 MW
Size of a slingle inverter =2.5 MW
MVA Rating of Transformer =2.8 MVA
% Impedance of GSU Transformer = 6%

Dynamic Data:

Converter time constant for IQema seconds = 0.02 s
Converter time constant for [Qgmd seconds = 0.02 s
Voltage sensor for LVACR time constants = 0.02s
Voltage sensor time constant =1.1s

2.2.Network data

The 132 kV networks available for interconnection to Artistic Solar Power Plant are as shown
in Sketches 1 and 2 in Appendix-B. The lengths of the nearby circuits are also mentioned in

the sketches.
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The Solar Power Plant data as provided by the client has been used and it is attached in
Appendix - B. The latest load forecast and the generation expansion plan provided by NTDC

has been used as shown in Appendix A.
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3. Study Approach and Methodology

3.1. Understanding the Problem
The 42.5 MW {Net AC Output) Solar Power Plant by Artistic Solar, is going to be a photovoltaic
(PV) based solar project in Sindh embedded in the 132 kV distribution network of SEPCO. It
would run almost all the months of the year though with some variation in its output due to

variation in the strength of light in winter and in rainy season.

The existing nearest SEPCO grid stations are Nara C-1 and Rohri-New 132 kV substations. The
addition of this source of power generation combined with the power from other solar power
plant in its vicinity shall provide relief to the transformers at Rohri - New 220/132 kV and the
sources feeding this area from further away. The 132 kV network of SEPCO in the electrical
vicinity of Artistic Solar PP has significant load demand; therefore a considerable portion of
the power from Artistic Solar PP will be utilized in meeting this load demand on substations
inctuding Nara — C1, Shah Ludhani, Kunb, Gambat etc.

The adequacy of SEPCO network of 132 kV in and around the proposed site of Artistic Solar
Energy {Pvt.) Ltd. Solar Power Plant would be investigated in this study for absorbing and

transmitting this power fulfilling the reliability criteria.

3.2. Approach to the Problem
The following approach has been applied to the problem:

s A base case network model has heen prepared for the peak load case of Winter 2021,
after COD of Solar Power Plant by Artistic Solar Energy (Pvt.} Ltd., comprising all 500
kv, 220 kv and 132 kV system, envisaging the load forecast, the generation additions

and transmission expansions for that year particularly in SEPCO.

e The expected COD of the project is during the month of December 2020. In view of
the planned COD of Artistic Solar PP, the above proposed interconnection scheme has
been tested for steady state conditions through detailed load flow studies for off-peak
load conditions of Winter 2021, peak load conditions of Summer 2021 and peak load

conditions of Summer 2023.

e Load flow and short circuit studies have also been performed for Summer 2023 to

gauge the performance of the proposed plant in an extended term scenario.

e An interconnection scheme without any physical constraints, such as right of way or

availability of space in the terminal substations, have been identified.

{?‘@ Power Plaaners International 5|Page
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Technical system studies have been conducted for peak load conditions, to confirm
technical feasibility of the interconnection. The scheme will be subjected to standard
analyses such as load flow, short circuit, and transient stability to gauge the strength

of the machines and the proposed interconnection under disturbed conditions.

The relevant equipment for the proposed technically feasible scheme has been

determined.

Finally, the most technically feasible interconnection scheme has been recommended.
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4. Development of Interconnection Scheme
4.1.The Existing Network

The existing 132 kV network available around the proposed location of Artistic Solar PP is

shown in Sketch-1 in Appendix-B.

Artistic Solar PP is located near Rohri, Sindh, embedded in the distribution network of SEPCO.
The network is being fed from the 220/132 kV substation of Rohri-New. The nearest.existing
SEPCO interconnection facilities at the time of commissioning of the plant are Nara C-1 132
kV and Rohri-New 132 kV Substations. There is also the presence of three 50 MW PV Solar

Farms in the immédiate vicinity, namely Helios Power, HNDS Energy and Meridian Energy.

4.2.The Interconnection Scheme of Artistic Solar PP

Keeping in view of the above mentioned 132 kV network available in the vicinity of the site of
the Artistic Solar PP, the most feasible interconnection scheme would be direct double circuit.
The looping distance is 8 km and the conductor used will be Lynx. A few approximate sketches

are shown in Appendix-B.
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5. Detailed Load Flow Studies

The base cases have been developed for the peak conditions of Winter 2021 using the
network data of NTDC and SEPCO available with PPl. The peak loads of the year 2021 for
SEPCO have been modeled as per the latest PMS Demand forecast as provided by NTDC.
Detailed load flow studies have been carried out for Winter 2021, Summer 2021 and future

case Summer 2023,

5.1. Modeling of Solar Power Plant in the Load Flow
Representation of all the individual inverters in a large solar power plant is inappropriate in
most grid impact studies. There is a provision in the model structure of PSS/E to allow single
equivalent collector model to represent multiple collectors, For grid system impact studies,
simulations are typically performed with the irradiance sufficient to produce the rated output
on all the inverters. Though simulations of bulk system dynamics using a single inverter

egquivalent are adequate for most planning studies.

5.2.Reactive Power Requirements
Artistic Solar Power Plant power factor is used as mentioned in the data sheet provided
attached in Appendix-B. Part of this reactive power will be consumed by the step-up
transformers and the rest may be consumed in collector cables of the solar plant. However,
some reactive power might reach the bus bar of solar plant substation. That means each
inverter is self sufficient to meet VAR ahsorption requirement of its step-up transformer with

some contiribution of VARSs to the Solar Plant MV network.

The Grid Code Addendum No.2 requires to meet the criteria of + 0.95 power factor at the
point of interconnection with the NTDC/QESCO grid at 132 kV (point of common coupling).
Therefore, Artistic Solar with its maximum AC output of 42.5 MW generating capacity is
required to pump around 14 MVARs to the grid at maximum AC power output of 42.5 MW to
fulfill the criteria. The VAR generating capability of the inverters will not be able to fully meet
this VAR demand of the system because of VAR loss in step-up transformers, collectar cables

and the transformers at the Solar Plant substation.

In order to meet the Grid Code criteria, we need to install reactive power compensation
equipment. For a Solar Power Plant delivering 42.5 MW Net AC output, we need to have
around 14 MVAR at 132 kV bus bar after farm losses. Hence a Static VAR Compensator (20
MVAR) with contactors and PLC (Programmable Logic Controller) is proposed at 33 kV bus bar
of the Solar PP.
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5.3. Base Case Peak Winter 2021, Without Solar Power Plant
A base case has been developed for the peak load of Winter 2021, using the network data of

SEPCO and NTDC.

The results of load flow for this base case are plotted in Exhibit 0.0 of Appendix-C. The system
plotted in this Exhibit shows 132 kV network in the vicinity of Artistic Solar (Pvt.) Ltd. Solar PP
including the substations of Rohri, Nara-C1l, Shah Ludhani, Kunb, Gambat and other

substations.

The load flow results show that the power flows on all circuits are within their specified

normal current carrying rating. The voltages are also within the permissible limits.
For N-1 contingency conditions we have performed the following cases

Exhibit-0.1 HNDS Energy to Rohri-NW 132 kV Single Circuit Out

Exhibit-0.2 Nara C-1 to Rohri-NW 132 kV Single Circuit Out
Exhibit-0.3 Rohri-NW to Gambat 132 kV Single Circuit Out
Exhibit-0.4 ~ Rohri-NW to Kunb 132 kv Single Circuit Out
Exhibit-0.5 Kunb to Gambat 132 kV Single Circuit Out
Exhibit-0.6 ﬁohri-NW to Shah Ludhani 132 kV Single Circuit Out
Exhibit-0.7 Shah Ludhani to Khairpur-1 132 kV Single Circuit Out
Exhibit-0.8 Rohri-NW to Shkpr220 220 kV Single Circuit Out
Exhibit-0.9 Engro Energy to Rohri-NW 220 kV Single Circuit Out
Exhibit-0.10 Guddu to Shkpr220 220 kV Single Circuit Out
Exhibit-0.11 Guddu 500/220 kV Single Transformer Out
Exhibit-0.12 Shkrpr500 to Guddu 500 kV Single Circuit

We see that the power flows on all circuits remain within their ratings. Thus we find that there
are no capacity constraints in terms of MW or MVA flow in the 132 kV network available in
the vicinity of Artistic Solar PP for its connectivity under normal conditions and the N-1

contingency conditions considered.

5.4.Base Case Peak Winter 2021, With Solar Power Plant

The results of load flow with Helios Power Pvt. Ltd. Solar Power Plant interconnected as per

proposed scheme are shown for each case. The power flows on the circuits under normal
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conditions are seen well within the rated capacities. Also the voltages on the bus bars are
within the permissible operating range of £ 5 % off the nominal we find no capacity

constraints on the 132 kV circuits under normal conditions i.e. without any outages of circuits.

N-1 contingency analysis has been carried out and the plotted results are attached in

Appendix — C as follows:

Exhibit-1.1 Artistic Solar 132/33 kV Single Transformer Out
Exhibit-1.2 HNDS Energy to Rohri-NW 132 kV Single Circuit Out
Exhibit-1.3 Helios Power to Nara C-1-132 kV Single Circuit Out
Exhibit-1.4 Artstc Solar to Nara C-1 132 kV Single Circuit Out
Exhibit-1.5 Nara C-1 to Rohri-NW 132 k¥ Single Circuit Out
Exhibit-1.6 Rohri-NW to Gambat 132 kV Single Circuit Out
Exhibit-1.7 Rohri-NW to Kunb 132 kV Single Circuit OQut
Exhibit-1.8 Kunb to Gambat 132 kV Single Circuit Out
Exhibit-1.9 Rohri-NW to Shah Ludhani 132 kV Single Circuit Out
Exhibit-1.10 Shah Ludhani to Khairéur—l 132 kV Single Circuit Qut
Exhibit-1.11 Rohri-NW to Shkpr220 220 kV Single Circult Out
Exhibit-1.12 Engro Energy to Rohri-NW 220 kV Single Circuit Out
Exhibit-1.13 Guddu to Shkpr220 220 kV Single Circuit Out
Exhibit-1.14 Guddu 500/220 kV Single Transformer Out
Exhibit-1.15 Shkrpr500 to Guddu 500 kV Single Circuit

We find that power flows on the circuits are seen well-within the rated capacities and the
voltages on the bus bars are also within the permissible operating range of + 10 % off the
nominal for contingency conditions’ criteria. We find no capacity constraints on 132 kV

circuits under normal and contingency conditions.

5.5. Off-Peak Load Case Winter 2021

We have considered the off-peak scenario of Winter 2021 so that we can judge the impact of

the project on the system when the load of the system is at its minimum.

The power flows on the circuits are seen well within the rated capacities and the voltages on

the bus bars are also within the permissible operating range of £ 5 % off the nominal. We find

' ) T s .
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no capacity constraints on 132 kV circuits under normal conditions i.e. without any outages

of circuits.

N-1 contingency analysis has been carried out and the plotted results are attached in

Appendix — C as follows:

Exhibit-2.1 Artistic Solar 132/33 kV Single Transformer Out
Exhibit-2.2 HNDS Energy to Rohri-NW 132 kV Single Circuit Out
Exhibit-2.3 Helios Power to Nara C-1 132 kV Single Circuit Out
Exhibit-2.4 Artste Solar to Nara C-1 132 kV Single Circuit Out
Exhibit-2.5 Nara C-1 to Rohri-NW 132 kY Singte Circuit Out
Exhibit-2.6 Rohri-NW to Gambat 132 kV Single Circuit Out
Exhibit-2.7 Rohri-NW to Kunb 132 kV Single Circuit Out
Exhibit-2.8 Kunb to Gambat 132 kV Single Circuit Out
Exhibit-2.9 Rohri-NW to Shah Ludhani 132 kV Single Circuit Out
Exhibit-2.10 Shah Ludhani to Khairpur-1 132 kV Single Circuit Out
Exhibit-2.11 Rohri-NW to Shl(pr220 220 kv Single Circuit Out
Exhibit-2.12 " Engro Energy to Rohri-NW 220 kV Single Circuit Out
Exhibit-2.13 Guddu to Shkpr220 220 kV Single Circuit Out
Exhibit-2.14 Guddu 500/220 kY Single Transformer Out.
Exhibit-2.15 Shkrpr500 to Guddu 500 kV Single Circuit

We find that power flows on the circuits are seen well within the rated capacities and the
voltages on the bus bars are also within the permissible operating range of * 10 % off the
nominal for contingency conditions’ criteria. We find no capacity constraints on 132 kV

circuits under normal and contingency conditions.

5.6. Peak Load Case Summer 2021

We have considered the scenario of June 2018 so that we can judge the maximum impact of

the project on the system when the load of the system would be at its maximum.

The results of this scenario are plotted in Exhibit 3.0. We find no capacity constraints on 132
kV circuits under normal conditions i.e. without any outages of circuits.

o . ,
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The power flows on the circuits are seen well within the rated capacities and the voltages on
the bus bars are also within the permissible operating range of + 5 % off the nominal. We find
no capacity constraints on 132 kV circuits under normal conditions i.e. without any outages

of circuits.

N-1 contingency analysis has been carried out and the plotted results are attached in

Appendix — C as follows:

Exhibit-3.1 Artistic Solar 132/33 kV Single Transformer Qut
Exhibit-3.2 HNDS Energy to Rohri-NW 132 kV Single Circuit Out
Exhibit-3.3 Helios Power to Nara C-1 132 kV Single Circuit Qut
Exhibit-3.4 Artstc Solar to Nara C-1 132 kV Single Circuit Qut
Exhibit-3.5 Nara C-1 to Rohri-NW 132 kV Single Circuit Out
Exhibit-3.6 Rohri-NW to Gambat 132 kV Single Circuit Qut
Exhibit-3.7 Rohri-NW to Kunb 132 kV Single Circuit Qut
Exhibit-3.8 Kunb to Gambat 132 kV Single Circuit Out
Exhibit-3.9 Rohri-NW to Shah Ludhani 132 kV Single Circuit Out
Exhibit-3.10 Shah Ludhani to Khairpur-1 132 kV Single Circuit Out
Exhibit-3.11 Roh‘ri-NW to Shkpr220 220 kV Singte Circuit Out
Exhibit-3.12 Engro Energy to Rohri-NW 220 kV Single Circuit Out
Exhibit-3.13 Guddu to Shkpr220 220 kV Single Circuit Out
Exhibit-3.14 Guddu‘ 500/220 kv Single Transformer Qut
Exhibit-3.15 Shkrpr500 to Guddu 500 kV Single Circuit

We find that power flows on the circuits are seen well within the rated capacities and the
voltages on the bus bars are also within the permissible operating range of £ 10 % off the
nominal for contingency conditions’ criteria. We find no capacity constraints on 132 kV

circuits under normal and contingency conditions.

5.7.Peak Load Case Summer 2023: Extended Term Scenario

We have also studied the future scenario of Summer 2023 to assess the impact of the plant

in the extended term of its Installation as per NTDC requirement.

%g} Power Planners International 12| Page
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The power flows on the circuits are seen well within the rated capacities and the voltages on

the bus bars are also within the permissible operating range of £ 5 % off the nominal.

We find no capacity constraints on 132 kV circuits under normal conditions i.e. without any

outages of circuits.

N-1 contingency analysis has been carried out and the plotted results are attached in

Appendix — C as follows:

Exhibit-4.1 Artistic Solar 132/33 kv Single Transformer Qut
Exhibit-4.2 HNDS Energy to Rohri-NW 132 kV Single Circuit Out
Exhibit-4.3 Helios Power to Nara C-1 132 kV Single Circuit Out
Exhibit-4.4 Artstc‘_Solar to Nara C-1 132 kV Single Circuit Qut
Exhibit-4.5 Nara C-1 to Rohri-NW 132 kV Single Circuit Out
Exhibit-4.6 Rohri-NW to Gambat 132 kV Single Circuit Out
Exhibit-4.7 Rohri-NW to Kunb 132 kV Single Circuit Cut
Exhibit-4.8 Kunb to Gambat 132 kV Single Circuit Out
Exhibit-4.9 Rohri-NW to Shah Ludhani 132 kV Single Circuit Out
Exhibit-4.10 Shah Ludhani to Khairpur-1 132 kV Single Circuit Out
Exhibit-4.11 Rohri-NW to Shkpr220 220 kV Single Circuit Out
Exhibit-4.12 Engro Energy to Rohri-NW 220 kV Single Circuit Out
Exhibit-4.13 Guddu to Shkpr220 220 kV Single Circuit Out
Exhibit-4.14 Guddu 500/220 kV Single Transformer Qut
Exhibit-4.15 Shkrpr500 to Guddu 500 kV Single Circuit

The power flows on the circuits are seen well within the rated capacities and the voltages on
bus bars are also within the permissible operating range of £ 10 % off the nominal for

contingency conditions’ criterfa.

We find that there are no capacity constraints in the proposed connectivity scheme even in

the upcoming years i.e. 2023.

5.8. Conclusion of Load Flow Analysis

From the analysis discussed above, we conclude that the proposed interconnection scheme
of connecting Artistic Solar Energy (Pvt.) Ltd. by looping in-out of 132 kV single circuit between

Sgi‘ Power Planners International 13| Page
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HNDS Energy Pvt. Ltd. and Rohri-New 132 kV Grid Station ensures reliability and availability
under all events of contingencies, i.e. planned or forced outages studied in this report for the
base year 2021 as well as for the future scenario of 2023. The bus bar voltages remain well

within the permissibie limits in all the contingency events.
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6. Short Circuit Analysis
6.1. Methodology and Assumptions

The methodology of IEC 909 has been applied in all short circuit analyses in this report for

which provision is available in the PSS/E software used for these studies.

The fault currents have been calculated with the following assumptions under [EC 909;
e Set tap ratios to unity
¢ Setline charging to zero
s Set shunts to zero in positive sequence

For maximum short circuit levels, the desired voltage magnitude at bus bars was set equal to
1.10 P.U. i.e. 10 % higher than nominal, which is the maximum permissible voltage under
contingency condition. For calculations of minimum short circuit levels, the bus voltage has

been set equal to 0.9 P.U. i.e. 10% below the nominal.

For evaluation of maximum short circuit levels we have assumed contribution in the fault
currents from all the installed generation capacity of hydel, thermal and nuclear plants in the
system in the years 2021 and 2023 i.e. all the generating units have been assumed on-bar in

fauilt calculation’s simulations.

For minimum short circuit levels, we have considered conditions of 2021 to simulate the
minimum short circuit strength of the grid. Artistic Solar PP’s output has been set at 25% of

its capacity for minimum short circuit calculations.

The assumptions about the generatgr and the transformers data are the same as mentioned

in Chapter.2 of this report.

6.2. Fault Current Calculations without Artistic Solar PP Year 2021

In order to assess the short circuit strength of the 132 kV network without Artistic Solar PP,
three-phase and single-phase fault currents have been calculated for SEPCO in the vicinity of
the site of the Plant near Rohri, for the year 2021. These levels will give us the idea of the fault
levels without Artistic Solar PP which we can use to determine the impact of the addition of

the Plant later on. The results are attached in Appendix —D.

The short circuit levels have been calculated and plotted on the bus bars of 132 kV of
substations lying in the electrical vicinity of our area of interest and are shown plotted in the

Exhibit 5.0 attached in Appendix-D. Both 3-phase and 1-phase fault currents are indicated in
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the Exhibit 5.0 which are given in polar coordinates i.e. the magnitude and the angle of the

current. The total fault currents are shown below the bus bar.

The tabular output of the short circuit calculations is also attached in Appendix-D for the 132

kV and 11 kV bus bars of our interest. The total maximum fault currents for 3-phase and 1-

phase short circuit at these substations are summarized in Table 6.1. We see that the

maximum fault currents do not exceed the short circuit ratings of the equipment at these 132

kV substations which normally are 31.5 kA for older substations and 40 kA for new

substations.

Table-6.1
Maximum Short Circuit Levels without Artistic Solar PP
Substation 3-Pha‘se fault current, kA | 1-Phase fault current, kA
HNDS Energy 132 kV 6.08 6.39
Meridian Energy 132 kV 6.08 6.40
Helios Power 132 kV 6.08 6.40
Nara-C1 132 kV 6.08 6.00
Rohri-NW 132 kv 17.71 15.90
Kunb 132 kv 8.18 5.95
Gambat 132 kV 10.56 8.92
Shah Ludhani 132 kV -8.00 _ 5.90
Khairpur 132 kV .6.33 4,60
Pirjogoth 132 kV 4.31 3.01
Rohri-NW 220 kV 16.85 12.86
Shikarpur 220 kv 28.18 20.85
Guddu 500 kv 23.28 20.11
Shikarpur 500 kV 17.68 10.52
D. G. Khan 500. kv 13.67 7.40
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6.3. Fault Current Calculations with Artistic Solar PP Year 2021

6.3.1.  Maximum Short Circuit Levels
Maximum fault currents have been calculated for the electrical interconnection of proposed
scheme. Fault types applied are three phase and single-phase at the 132 kV bus bar of Artistic
Solar PP itself and other bus bars of the 132 kV and 11 kV substation;s in the electrical vicinity
of Artistic Solar PP. The graphic resuits are shown in Exhibit 5.1.

The tabulated results of short circuit analysis showing all the fault current contributions with
short circuit impedances on 132 kV bus bars of the network in the electrical vicinity of Artistic
Solar PP and the 132 kV bus bars of Artistic Solar PP itself are placed in Appendix-D. Brief

summary of fault currents at significant bus bars of our interest are tabulated in Table 6.2.

Table-6.2
Maximum Short Circuit Levels with Artistic Solar PP
Substation 3-Phase fault current, kA | 1-Phase fault current, kA
Artistic Solar MV 33 kv 10.2 12.06
Artistic Solar 152 kv 5.58 5.92
HNDS Energy 132 kV 6.21 7.04
Meridian Energy 132 kV 6.21 7.05
Helios Power 132 kV 6.21 7.05
Nara-C1 132 kV 6.20 6.75
Rohri-NW 132 kV 18.12 16.57
Kunb 132 kv 8.24 5.97
Gambat 132 kv 10.70 8.98
Shah Ludhani 132 kV 8.07 5.94
Khairpur2 132 kV 6.38 4,59
Khairpur 1 132 kV 6.38 4.89
Pirjogoth 132 kV 431 2.98
Rohri-NW 220 kV 17.31 13.38
Shikarpur 220 kv 29.15 21.65
g: .2 . Power Planners International 17| Pa ge



Guddu 500 kv 23.57 20.85
Engro Eﬁergy 220kY 11.49 11.06
Foundation-P 220kV 8.07 _ 7.72
DMLJ-220kV 14.47 14,12
Guddu 220 kv 34.56 37.42
Shikarpur 500 kv 18.27 11.17
Guddu-New 550 kv 23.15 | 20.66
D.G.Khan 500KV 13.98 7.67

6.3.2. Minimum Short Circuit Levels
The minimum fault levels have been calculated for minimum dispatch of power in the grid
system. The plotted results of short circuit analysis are attached as Exhibit 5.2, Both 3-phase
and 1-phase fault currents are indicated in the Exhibit which are given in polar coordinates
i.e. the magnitude and the angle of the current. The total fault currents are shown below the
faulted bus bar.

The tabular output of the short circuit calculations is also attached in Appendix-D for the 132
kV bus bars of our interest. The total minimum fault currents for 3-phase and 1-phase short

circuit at these substations are summarized in Table 6.3,

Table-6.3

Minimum Short Circuit Levels with Artistic Solar PP

Substation 3-Phase fault current, kA | 1-Phase fault current, kA
Artistic Solar MV 33 kV 7.99 8.29
Artistic Solar 132 kV 4.33 - 3.89
HNDS Energy 132 kv 4.80 4.52
Meridian Energy 132 kV | 4.80 4.52
Helios Power 132 kV 4.80 4.52
Nara-C1 132 kV 4.80 4.41
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Rohri-NW 132 kV 13.20 _ 11.70
Kunb 132 kV 6.51 74.75
Gambat 132 kv 8.38 7.08
Shah Ludhani 132 kv | ' 6.34 4.67
Khairpur2 132 kV 5,10 | 3.68
Khairpur 1 132 kV 5.10 3.68
Pirjogoth 132 kv 3.49 2.42
Rohri-NW 220 kv 11.11 8.33
Shikarpur 220 kV 18.04 14.63
Guddu 500 kV 14.05 10.90
-Engro Energy 220kV 6.08 3.84
Foundation-P 220kV 4.33 2.65
DM.J-220kV ' 8.31 791
Guddu 220 kV 19.89 18.19
Shikarpur SOQ kv 12.06 7.69
Guddu-New 500 kV 13.82 10.67
D.G.Khan 500kV 9.91 599

6.4. Fault Current Calculations with Artistic Solar PP Year 2023

Fault currents have been evaluated for the case of 2023 in order to observe the maximum
fault current on Artistic Solar PP and the bus bars in its Vicinity considering the future additions
in the system. Fault types applied are three phase and single-phase at 132 kV bus bars of
Artistic Solar PP itself and other bus bars of the 132 kV and 11 kV substations in the electrical
vicinity of Artistic Solar PP. The graphic results showing maximum 3-phase and 1-phase fault
levels are indicated in Exhibit 5.3, Both 3-phase and 1-phase fault currents are indicated in
the Exhibit 5.3 which are given in polar coordinates i.e. the magnitude and the angle of the

current. The total fault currents are shown below the bus bar.
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The tabulated results of short circuit analysis showing all the fault current contributions with
short circuit impedances on 132 kV bus bars of the network in the electrical vicinity of Artistic
Solar PP are placed in Appendix-D. Brief summary of fault currents at significant bus bars of

our interest are tabulated in Table 6.4.

Table-6.4
Maximum Short Circuit Levels with Artistic ?P
Substation 3-Phase fault current, kA | 1-Phase fault current, kA

Artistic Solar MV 33 kV 10.48 12.89
Artistic Solar 132 kV 5.80 6.10
HNDS Energy 132 kV 6.48 ' 7.29
Meridian Energy 132 kv ' | 6.48 7.29
Helios Power 132 kV 6.48 7.29
Nara-C1 132 kV 6.47 6.94
Rohri-NW 132 kV 20.11 | 16.70
Kunb 132 kV -8.97 : 6.07
Gambat 132 kV 12.37 9.01
Shah Ludhani 132 kv 8.57 472
Kh.airpurZ 132 kv 6.81 3.63
Khairpur 1 132 kv ' 6.81 | 3.63
Pirjogoth 132 kv 4.52 : 2.27
Rohri-NW 220 kv 18.51 | 13.59
Shikarpur 220 kV 29.15 ﬁ 2165 .
Guddu 500 kv ‘ 23.57 20.85
Engro Energy 220kV 11.49 11.06
Foundation-P 220kV 8.07 : 7.72
DM.J-220kV 14.47 14.12
Guddu 220 kv 34.56 3742
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Shikarpur 500 kv 18.27 | 11.17

Guddu-New 550 kv 23.15 20.66

D.G.Khan 500kV 13.98 7.67

Comparison of Tables 6.1, 6.2 and 6.3 shows an increase in short circuit levels for three-phase
and single-phase faults due to connection of Artistic Solar PP on the 132 kV bus bars in its
vicinity, We find that even after some increase, these fault levels are much below the rated

short circuit vatues of the equipment installed on these substations.

6.5. Conclusion of Short Circuit Analysis

The short circuit analysis results show that for the proposed scheme of interconnection of
Artistic Solar PP with HNDS Energy and Rohri-New 132 kV Grid Station, we don’t find any
violations of short circuit ratings of the already installed equipment on the 132 kV bus bars in
the vicinity of the plant due to fault current contributions from Artistic Solar PP. The short
circuit levels of the Artistic Solar PP 132 kV are 5.58 kA and 5.92 kA for 3-phase and 1-phase
faults, respectively, in the year 2021. Therefore industry standard switchgear of the short
circuit rating of 40 kA would serve the purpose as per NTDC requirement taking care of any

future generation additions and system reinforcements in its electrical vicinity.

.y
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7. Dynamic Stability Analysis

7.1. Assumptions & Methodology
7.1.1. Dynamic Models

The assumptions about the generator and its parameters are the same as mentioned in

Chapter 2 of this report.

We have employed the generic stability models available in the PSS/E model iibrary for

dynamic modeling of the PV Solar power generator, its electrical model and the panel as

follows;

Generator PVGU1
Electrical Model PVEU1

Solar Panel Model PANEL1

We have done studies with the inverter which has reactive support capability and LVRT

Capabilities as per the data provided by the client.

7.1.2.  System Conditions
The month of Winter 2021 has been selected for the study because it represents the load
scenario immediately after the COD of Artistic Solar PP, allowing us to judge the impact of the

plant during low water season.

The proposed Artistic Solar PP has been modeled in the dynamic simulation as per data
provided by client. All the power plants of WAPDA/NTDC from Tarbela to Hub have been

dynamically represented in the simulation model.

7.1.3.  Presentation of Results
The plotted results of the simulations runs are placed in Appendix-E. Each simulation is run
for its first one second for the steady state conditions of the system prior to fault or
disturbance. This is to establish the pre fault/disturbance conditions of the network under
study were smooth and steady. Post fault recovery has been monitored for nineteen seconds.
Usualty all the transients due to non-linearity die out within a few seconds after disturbance

is cleared in the system.

7.1.4. Worst Fault Cases

Three phase faults are considered as the worst disturbance in the system. We have
considered 3-phase fault in the closest vicinity of Artistic Solar PP i.e. right at the 132 kV bus

har of Artistic Solar PP substation, cleared in 5 cycles, as normal clearing time for 132 kV i.e.
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100 ms, followed by a permanent trip of a 132 kV single circuit from Artistic Solar PP to Rohri-

New. Also to fulfil the Grid Code criteria case of stuck breaker (breaker failure) single phase

fault has also been studied where the fault clearing time is assumed 9 cycles i.e. 180 ms.
7.2. Dynamic Stability Simulations’ Results - Winter 2021

7.2.1.  Fault at 33 kV Artistic Solar PP (Stuck Breaker)
We applied single-phase fault on Artistic Solar PP 33 kV bus bar, cleared fault in 9 cycles (100
ms) followed by trip of a 132/33 kV Artistic Solar single transformer. We monitored different
quantities for one second pre-fault and nine seconds after clearance of fault (post-fault)

conditions and plotted the results attached in Appendix — E and discussed as follows:
Fig. 1.1 Bus Voltages

The bus voltages of 33 kV hus bar of Artistic MV and 132 kV bus bars of Artistic Solar PP, Nara-
C1, Helios Power and 132kV and 220kV bus bar of Rohri-NW are plotted. The results show

guick recovery of the voltages after clearing of fault.

Fig. 1.2 Frequency

We see the system frequency recovers back to normal quickly after fault 