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The Registrar

National Electric Power Regulatory Authority

Subject: Application for Modification of Generation license (license No:

SPGl/18/2017)

I, Usman Hamid Malik, Chief Executive Officer, being the duly authorized representative of

Shams Power (Private) Limited by virtue of Board Resolution dated 3rd April 2017, hereby

apply to the National Electric Power Regulatory Authority for the modification of

Generation License (License No: SPGl/18/2017 Licensee: Shams Power (Private)

limited) pursuant to section 10 of the National Electric Power Regulatory Authority

Licensing (Application and Modification Procedu. 2) Regulations, 1999.

I certify that the documents-in-support attached with this application are prepared and

submitted in conformity with the provisions of the Natio.ial Electric Power Regulatory

Authority Licensing (Application and Modification Procedure) Regulations, 1999, and

undertake to abide by the terms and provisions of the above-said regulations. I

further undertake and confirm that the information provided in the attached documents-

in-support is true and correct to the best of my knowledge and belief.

A Bank Draft in the sum of Rupees One Hundred and Fifty Thousand only (Rs 150,000),

being the non- refundable license application fee calculated in accordance with Schedule

II to the National Electric Power Regulatory Authority Licensing (Application and

Modification Procedure) Regulations, 1999, is also attached herewith.

Signature

Usman Hamid Malik

Chief Executive Officer
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TRUE COPY OF THE RESOLUTION OF BOARD OF DIRECTORS
SHAMSPOWER (PRIVATE) LIMITED

Board of Directors of Shams Power Private Limited, by the resolution in circulation dated
3rd of April 2017, bas passed to resolve as under:

"Resolved. that the Company shall proceed with all acts necessary to comply with the
legal and Regulatory requirements in relation to its business objectives and activities,
inter alia, of the sale of electricity through the Generation Facilities to be provided by the
Company at site(s) of Buyerts).

•
Further Resolved, that in order to modify the Generation License number SPGLlJ 812017
issued by National Electric Power Regulatory Authority (NEPRA) on rjA of January
2017, the Chief Executive Officer of the Company (Usman H. Malik) shall be authorized
to submit the application for modification and I or to seek or submit any details,
documents. evidence. clarification. or request as well as 10 represent the Company for the
purposes of soliciting (he Modification of the aforementioned Generation License for the
following 10 sites, either before NEP RA or any other appropriate forum and to do all or
any other act that a man of ordinary prudence will do for the purposes mentioned above,
including appearance before any department or forum or body, whether judicial or
quasi-judicial. and to obtain the permission or no objection certificate where and when
required.

1. METRO Cash and Carry. Islamabad
2, METRO Cash and Carry, Thakkar Niaz Baig, Lahore
3. METRO Cash and Carry. Airport Road. DHA, Lahore
4, METRO Cash and Carry. Ravi Road. Lahore
5, METRO Cash and Carry, Model Town. Lahore
6. METRO Cash and Carry. Sargodha Road. Faisalabad
7, METRO Cash and Carry, Manghopir Road, Karachi
8, METRO Cash and Carry, Near Stargate, Karachi
9, METRO Cash and Carry, Near Safari Park. Karachi
10. Akzoblobel, Head Office, Lahore

It is also resolved that Usman H. Malik. the Chief Executive Officer named above, may
further delegate the powers so vested in him, in writing to one or more persons to the
extent of the purposes as shall be mentioned in the deed of delegation,

Moreover, it is resolved that Usman H. Malik, the Chief Executive Officer named above,
is authorized and empowered for and on behalf of the Company 10 sign, execute and file
the Petition for the modification of Generation License to NEPRAlother appropriate
forum along with the documents essential to befiled.

Certified 10 be a true copy
Stamp of the Company

Shams Power (Private) Limited
2nd Floor, AI Maalik, 19 Davis Road, Lahore, Pakistan

Phone +92 42 36313235 & 36
Fax +92 42 36312959
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CERTIFICATION

I hereby certify thatthe above resolution was duly passed on 03 April 2017 in circulation by the
Board of Directors of Shams Power (Private) Limited comprising of:

1. Usman H. Malik
2. Omar M. Malik
3. Zainul Abideen
4. Faisal Islam

I also certify that the Resolution has been entered in the minute's book of the company in
accordance with the Articles of Association of the company.

.a:
Stamp of the Company

Shams Power (Private) Limited
2nd Floor, AI Maalik, 19 Davis Road, Lahore, Pakistan

Phone +92 42 36313235 & 36
Fax +92 42 36312959
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BEFORE THE NATIONAL E~EcrRIC POWER REGULATORY AUTHORITl

I, Usman Hamid Malik S/O Dr. Saleem Hamid Malik, Chief Executive Officer of Shams Power

(Private) Limited, AI-Maallk, 2nd Floor, Davis Road, Lahore, the duly authorized representative of

the Applicant Company depose on oath that the contents of the accompanying Application for

Modification of Generation License (License No: SPGlj18/2017) and the supporting documents

thereto are true and correct to the best of my knowledge and belief.

Deponent

Verification

The Affidavit is verified on this 17th day of July, 2017 at Lahore that the contents of the

Affidavit are true and correct to the best of my knowledge and belief and that nothing, material

and relevant, has been kept concealed by design.



•
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Modification Purpose & Relevant Details

Subject: Application for Modification of Generation License fLlcenseNo: SPGL/IB/20171

1.0 Background:

1.1 Shams Power Private Limited (SPPl) was incorporated on January l~i 2015 under
Section-32 of the cornpanles' ordinance. 1984, with corporate universal identification No.
0091515. The business office of the company is at 2nd Floor, AL-Maalik building, 19-Davis
Road Lahore.
1.2 It is a joint venture of three of Pakistan's leading energy companies (Saba Power
Limited, PITCO Private Limited and Orient Operating Company Limited), involved in setting
up power projects in Pakistan since 1996.

1.3 Shams Power aims to pioneer solving the Pakistan's energy problems by accelerating
the adoption of distributed solar energy. Our team is committed to excellence in every
aspect of solar design, construction, and operations and maintenance.

1.4 Shams Power offers a complete range of Solar energy services to commercial and
industrial sector customers across the Pakistan. Backed by more than 20 years of industry
experience and a dedicated technical team, SPPL handle every aspect of solar power
installations-including financing, technology evaluation, engineering and design,
construction, monitoring, and ongoing maintenance and support-to ensure the most
efficient and reliable solution.

2.0 Proposed Modification

2.1 In response to the Application for grant of Generation License (vide letter No.
RC/GP/S.Ol dated 9th of July 2015) Sham Power Private Limited was conferred with a
Generation License (License No: SPGL/la/2017, dated 09 January 2017) by the Authority
(NEPRA) for 0.07956 MW Solar Generation Facility located on the roof-top of AI-Maalik
Building, 19 Davis Road, Lahore. SPPLis operating and maintaining the above mentioned
facility since January 2017 and has kept the performance of the Power Plant very high
(details. provided later in this document).
2.2 After successful commissioning and efficient operation of its model Solar Power Plant
at AI-Maalik building, SPPLhas been busy in preparing feasibility studies and proposals for
its various potential clients. Due to SPPL'sprofound technical expertise, a very reasonable
financial model and a state of art model Power Plant (roof top AI-Maalik Building) it has
been able to secure Memorandum of Understanding Agreements with two of Pakistan's
leading companies. $PPl has signed one Memorandum of Understanding (MOUs) with
Metro-Habibgroup for their 9 sites throughout Pakistan and another MOU with AkzoNobel
Pakistan for their Head Office at Ferozepur Road, Lahore.
2.3 In accordance with National Electric Power Regulatory Authority Licensing (Application
& Modification Procedure) Regulatlons, 1999, Shams Power Private Limited (SPPL)intends
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to modify its existing generation llcenseof 0.07956 MW and enhance it to 3.5S71MW in
order to commission its 10 new Solar Power Plants, and in order to enter into Power
Purchase Agreements with its customers. It will enable SPPL to fulfil its commitment of
providing reliable clean energy solution to its above mentioned clients.

2.4 A brief summary of technical details of each site is as follows:

2.4.1 METRO Cash and Carry, Islamabad
SPPl has proposed and designed 300 KWp AC (356.40 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store 1-11/4, Islamabad. A total of
1080 Canadian Solar Polycrystalline PV Modules (CSGU-330P), of 330 Watt each, will
be connected to 12 SMA Sunny Tri power 2S000TL inverters (each inverter having
Power rating of 25 KW) to attain the above mentioned DC and AC peak capacity. The
plant is estimated to produce around 428361 KWh of Energy (in its first year of
operation) which translates to Net Capacity Factor of 16.30% and will result in
offsetting approximately 149 tons of carbon dioxide annually.

2.4.2 METRO Cash and Carry, Thokkar Niaz Baig, Lahore
SPPl has proposed and designed 350 KWp AC (388.08 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store, Thokkar Niaz Baig,lahore. A
total of 1176 Canadian Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt
each, will be connected to 14 SMA Sunny Tri power 25000TL inverters (each inverter
having Power rating of 25 KW) to attain the above mentioned DC and AC peak
capacity. The plant is estimated to produce around 474170 KWh of Energy (in its
first year of operation) which translates to Net Capacity Factor of 15.46% and will
result in offsetting approxlmatelv 166 tons of carbon dioxide annually.

2.4.3 METRO Cash and Carry, Airport Road, DHA Lahore
SPPL has proposed and designed 300 KWp AC (356.40 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store, Airport Road, DHA Lahore: A
total of lOBO Canadian Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt
each, will be connected to 12 SMA Sunny Tri power 25000TL inverters (each inverter
having Power rating of 25 KW) to attain the above mentioned DC and AC peak
capacity. The plant is estimated to produce around 423195 KWh of Energy (in its
first year of operation) which translates to Net Capacity Factor of 16.10% and will
result in offsetting approximately 147 tons of carbon dioxide annually.

2.4.4 METRO Cash and Carry, Ravi Road, Lahore
SPPL has proposed and designed 300 KWp AC (332.64 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store, Ravi Road, Lahore. A total of
1008 Canadian Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt each, will
be connected to 12 SMA Sunny Tri power 25000TL inverters (each inverter having
Power rating of 25 KW) to attain the above mentioned ncand AC peak capacity. The
plant is estimated to produce around 399522 KWh of Energy (in its first year of
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operation) which translates to Net Capacity Factor of 15.20% and will result in
offsetting approximately 140 tons of carbon dioxide annually.

2.4.5 METRO .Cashand Carry, Model Town, Lahore
SPPLbas proposed and designed 225 KWp AC (249.48 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store, Model Town, lahore. A total
of 756 Canadian Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt each,
will be connected to 9 SMA Sunny Tri power 25000TL inverters (each inverter having
Power rating of 25 KW) to attain the above mentioned DCand AC peak capacity. The
plant Is estimated to produce around 309084 KWh of Energy (in its first year of
operation) which translates to Net Capacity Factor of 15.68% and will result in
offsetting approximately 111 tons of carbon dioxide annually.

2.4.6 METRO Cash and Carry, Sargodha Road, Faisalabad
SPPLhas proposed and designed 250 KWp AC (297.00 KWp DC)Solar Power Plant to
be installed at rooftop of Metro Cash and Carry, Sargodha Road, Faisalabad. A total
of 900 canadian Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt each,
will be connected to 10 SMA Sunny Trl power 25000TL inverters (each inverter
having Power rating of 25 KW) to attain the above mentioned DC and AC peak
capacity. The plant is estimated to produce around 348433 KWh of Energy (in its
first year of operation) which translates to Net Capacity Factor of 15.91% and will
result in offsetting approximately 121 tons of carbon dioxide annually.

2.4.7 METRO Cash and Carry, Manghopir Road, Karachi
SPPLhas proposed and designed 200 KWp AC (237.60 KWp DC)Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store; Manghopir Road, Karachi. A
total of 720 Canadian Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt
each, will be connected to 8 SMA Sunny Tr; power 25000TL inverters (each irwerter
having Power rating of 25 KW) to attain the above mentioned DC and AC peak
capacity. The plant is estimated to produce around 315797 KWh of Energy (in its
first year of operation) which translates to Net Capacity Factor of 18.02% and will
result in offsetting approximately 112 tons of carbon dioxide annually.

2.4.8 METRO Cash and Carry, Stargate, Karachi
SPPLhas proposed and designed 300 KWp AC (356.40 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store, Stargate, Karachi. A total of
1080 Canadian Solar Polycrystalllne PV Modules (CS6U-330P), of 330 Watt each, will
be connected to 12 SMA Sunny Trl power 25000TL inverters (each inverter having
Power rating of 25 KW) to attain the above mentioned DCand AC peak capacity. The
plant is estimated to produce around 478607 KWh of Energy (in its first year of
operation) which translates to Net Capacity Factor of 18.21% and will result in
offsetting approximately 170 tons of carbon dioxide annually.
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2.4.9 METRO Cash and Carry, Safari Park, Karachi
SPPLhas proposed and designed 375 KWp AC (445.50 KWp DC) Solar Power Plant to
be installed at roof top of Metro Cash and Carry Store, Safari Park, Karachi. A total of
1350 Canadian Solar Polycrystalline PV Modules (CS6U~330P),of 330 Watt each, will
be connected to 15 SMA Sunny Tri power 25000TL inverters (each inverter having
Power rating of 25 KW) to attain the above mentioned DCand AC peak capacity. The
plant is estimated to produce around 593365 KWh of Energy (in its first year of
operation) which translates to Net Capacity Factor of 18.10% and will result in
offsetting approximately 210 tons of carbon dioxide annually.

2.4.10 AkzoNobel, Head Office, Lahore
SPPLhas proposed arid designed 400 KWp AC (458.04 KWp DC) Solar Power Plant to
be installed at the premises of AkzoNobel's Head Office. A total of 1,388 Canadian
Solar Polycrystalline PV Modules (CS6U-330P), of 330 Watt each, will be connected
to 16 SMA Sunny Tri power 2S000TL inverters (each inverter having Power rating of
25 KW) to attain the above mentioned DC and AC peak capacity. The plant is
estimated to produce around 559040 KWh of Energy (iri its first year of operation)
which translates to Net Capacity Factor of 15.95% and will result in offsetting
approximately 190 tons of carbon dioxide annually.

3 Reasons In Support of Modification of Generation license

3.1 As mentioned earlier in this document, Shams Power Private Limited is a Clean Energy
Solution Provider which provides turnkey solutions to its customers, and takes care of
CAPEX& OPEX(for time period agreed in PPA) making it the most feasible financial model,
for customers, to switch to cleaner energy without upfront capital investment. This business
model has an inherent requirement of ever increasing generation capacity t.e. the total
generation capacity ofSPPL will increase with signing-off of each new PPA.

3.2 Keeping this issue in mind, SPPLhad initially applied for 50 MW generation license to
cater to this ever increasing generation capacity requirement. However, since at that time
SPPLdid not have MOUs to back its application, therefore it was declined by the Authority
(NEPRA) and a Generation License was only granted for 0.07956 MW at the AI Maalik
Building site.

3.3 SPPLis glad to report to the Authority (NEPRA)that it has been successful in Signing
two MOUs with Metro Habib Pakistan and AkzoNobel Pakistan respectively. According to
these MOUs, SPPLwill be installing 9 Solar power plants on 9 Metro Cashand Carry Stores in
different cities of Pakistan totaling to 3.0195 MWp DC (2.600 MWp AC) and 1Solar power
plant in AkzoNobel's Head Quarter in Lahore, of capacity 0.45804 MWp DC(0.400 MWp AC).
In order to accomplish this SPPL needs to modify its existing 0.07956 MW Generation
License and upgrade its capacity to 3.5571 MW (i.e. 0.07956 MWp + 3.0195 MWp + 0.45804
MWp).
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4 Statement of Impact on the Tariff, Quality of Service and Performance.

4.1 Impact on the Tariff

SPPLhas signed an MOU with Metro-Habib Pakistan and AkzoNobel Pakistan and under this
memoranda both customers will be charged a mutually agreed tariff (agreed between SPPl
and customer) throughout the agreement period. This is a B2B setup where each site has
different energy requirements, building constraints and PV structure layout subsequently
cost incurred for plant erection varies from site to site hence each site/customer has a
unique tariff independent of other sites/customers. Therefore there will be no impact in the
existing facility's tariff due to increase in Generation Capacity as well as It will not affect
tariff of any DISCO.

4.2 Impact on Quality of Service and Performance
Shams Power had designed and installed a 0.07956 MW Solar Power Plant at rooftop of AI-
Malik Building. The system was commissioned on 1st February 2017. SPPLhas been taking
care of operation and maintenance of this facility from the date of commissioning and has a
dedicated staff for routine maintenance and troubleshooting of the PV plant, 24/1 available
at site.

Furthermore, to avoid soiling losses as much as possible, SPPL had scheduled weekly
cleaning of the PVmodules, which it has followed strictly. All insulations, cable joints, fuses,
SPDs, cable trays and PV modules are inspected monthly for any fault or break. Similarly
inverters are serviced t.e, filters cleaned once every two months to keep the system trouble
free and efficient.

Open circuit voltage and short circuit current of PVmodules and arrays are tested quarterly
to check their conformity with the manufacturer's provided specification sheet. Due to
these rigorous measures the PV plant has been running flawlessly since it's commlsslonlng
and not even a single major break down has occurred during this time. It can be seen from
the plant's generation data, provided below, that the plant has been operating in excellent
condition.

Month

PV Energy Production at AI-Malik Building
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PVGeneration at AI~Malik Building, lahore (KWh)
8,000.00 .,-----------.------ - •...-.----.----------------

2,000.00

0.00

1.000.00

Aprli

Impact of increase in generation capacity on performance of the existing facility can be
analysed from two different perspectives.

i- To look at how this increase impacts the operational efficiency of new and
existing systems.

ii- To scrutinize impact on SPPL'splant maintenance efficiency.

As discussed already, each plant is independent from others that mean efficiency of existing
plant will not be affected in any way by increasing overall capacity. In the same way
efficiencies of new facilities are only dependent on the equipment and plant design of that
specific site irrespective of other plants/facilities.

Second issue at hand is to look at $PPL's efficiency to deal with increase in Generation
Capacities under their portfolio. At present SPPLhas only a single plant to maintain and
operate and it has performed it with utmost professional efficiency. Signing of these new
PPAs will add 10 additional generation facilities in different cities of Pakistan to be
maintained and operated. To keep its performance efficiency to its current standard, SPPl
has strategized to decentralise its maintenance resources, hence it has collaborated with
both of its customers te use their storage facilities to keep the cleaning stock available at
site. Similarly hiring and training of new maintenance personnel, from the local suburbs of
the facility, is in progress which will result in 24/7 availability for plants O&M.

Apart from increase in resources SPPl has also planned to schedule a quarterly inspection
by HQ team to keep the local personnel in check and maintain highest standard of quality
for all its facilities.
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5 Prayer

SPPL has performed an in-depth technical and financial analysis for above mentioned 10
proposed sites. Findings from these analyses suggest that the proposed sites are suitable for
instailation of PV based power plant.

PV plants at each site have been specifically designed to cater its power requirements and
keeping in view technical & financial constraints pertaining to that site. Technical details of
each site along with their feasibility reports have been attached as Section 2 and Section 3
(Schedule I and Schedule II) with this application.

As considerable amount of effort and attention to minute details have been put into PV
plant designing and proposal preparation, SPPL is confident that, if it is allowed to construct
these plants, it will be able to achieve the required results Without any problem.

Therefore SPPLrequest the authority to modify the existing Generation License (License
No: SPGL{18/2017J of 0.0795
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Restated SCHEDULE-I (for Existing Site)

The Location, Size (i.e. Capacity in MW), Type of Technology,
Interconnection Arrangements, Technical Limits, Technical/Functional
Specifications and other details specific to the Generation Facilities of

the Licensee are described in this Schedule.
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Location of Existing Generation Facility/Solar Farm/Solar
Power Plant of the Licensee/SPPL
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Location of Existing Generation Facility/Solar Farm/Solar
Power Plant of the Licensee/SPPL on Map of Pakistan
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Location of Existing Generation Facility/Solar Farm/Solar
Power Plant of the Licensee/SPPL on Map of the Province

of Punjab
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Location of Existing Generation Facility/Solar Farm/Solar
Power Plant of the Licensee/SPPL on Map of Lahore

e
)
\
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Access Road/Link of the Existing Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Lahore
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Process Flow Diagram of the Existing Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

Pak Ping Carpets (Pvt) ltd.

Inverter
Shain'.
Metering

Point

lESCO Meter

Generator

•
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Location Coordinates of the Existing Generation
Facility/Solar Farm/Power Plant of the Licensee/SPPL

Latitude (North)

31° 33' 30.53"

Longitude (East)

74° 20' 57.99"
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Block Diagram of the Existing Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

•
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PV AC s..ctric.al Board

)MCB-2 )MCB~..........._.-+._. __ . J
I
) M.. in Breaker

I

)MCB-1
L_

I
i
I

"',,",~''''"'H~
lnterconnection 1

Disconnect Switch Point of Interconnection

/

)_'_"_0"
)Main Breaker

L_.c."L::_~-------,_-J---



Single Line Diagram of the Existing Generation
Facility/Solar Farm/Power Plant of the Licensee/SPPL (DC-

Side)

;SG·l
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•
•
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Single Line Diagram of the Existing Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

(AC-Side)

Singh' Lin e Diagnm AC Side

:.:~::;. -._j \
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Interconnection

Arrangement for Dispersal of Power from the Existing
Generation Facility/Solar Power Plant of Shams Power

(Private) Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of AI-Maalik Building, 19-Davis Road Lahore

for in-house utilization.

(2). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(a). 230V/400V single CIrcuit on bus bar of existing LT distribution panel of Pak

Ping C (Private) Limited/consumer.

(3). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and Pak Ping C (Private) Limited/consumer shall be communicated to the

Authority in due course of time .

•
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Detail of Existing

Generation Facility/Solar Power Plant

(A). General Information

(i) .
Name of the
Licensee

(ii)
Registered/Business
the Company

(iii) Principal Office

--".

(iv). Plants Location

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation F

Company/
Shams Power (Private) Limited

_.

ffice of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

AI-Maalik building roof top, 19-Davis
Road Lahore

-.--

Fixed Tilted Plane

Tilt 8° & Azimuth 32°

ility Solar Photovoltaic (PV)

o

ac

(8). Solar Power Generation Technology & Capacity

(i). Type of Technology
_

(ii). Type of Cell

._

(ii) . Type of System

--._ ..-

(iii).
Installed Capacity of t
Generation Facility (M

...

18 I P a is e

he
W)

Photovoltaic (PV) Cell

Polycrystalline
.__ ._

Grid Tied

....._
0.07956 MWp DC or 0.070 MW inverter's
output (AC)



(C). Technical Details of Equipment

-_ ...

(a). Solar Panels-PV Modu
_ ..

(i) . Type of Module

(ii). Surface Area of Modul

(iii). Dimension of each Mo

(iv)
Total area of roof top fo
Panels-PV Modules

(v). No. of Modules
_., .._.

(vi), Frame of Module

(vii). Weight of one Module

(viii). Module output warranty

(ix).
Number of Solar Cells I

Module

(x). Efficiency of Module

..

(xi). Environment Protection

(xii). Maximum Power (Prn"x)

(xiii), Power Tolerance at ST

(xiv). Voltage @ (Prnax)

-.-

(xv) Current @ (Prnax)

(xvi). Open circuit voltage (VOl

---_._

(xvii) Short circuit current (Is,,)

19 I P a is "

e

s

Polycrystalline PV Type Module

CS6P-260P

1,605240 m2

Ie 1638 mm x 982 mm x 40mm

olar
5565 sq ft

306
._.

Anodised Aluminium Alloy

.._, .._-
18,00 kg

.._.

For 151 Year
For 2ndYear to 251n

Year

Not more than 0.7%
97.5% or above output reduction each

year

each
60 Cells

16,16 %

ystem
Encapsulation and sealing arrangements for
protection from environment.

260Wp

-.-- o -+5W

30.4 V

----
8,56A

-.-

37,5 V

9,12 A
__ .

Ie

du

rS

n

S

C



(xviii).
Optimum Operating V
NOCT

(xix).
Optimum Operating C
NOCT

(xx).
Open circuit voltage (V
NOCT

(xxi).
Maximum system ope
Voltage

...

(b). PV Array

(i). No. of Sub-Arrays

(ii ). Modules in a String

(iii). Total No. of Strings

(iv). Modules in Sub-Array

(v). Total Modules

(c). PV Capacity

(i). Total Capacity

(ii). Net Capacity Factor

(d). Inverters
_ .._.

(i) Total area of inverter r
-_." ..

(ii). Maximum DC Power In

(iii). Inverter Model

(iv). Manufacturer

(v) Maximum DC Input V

(vi). Start Voltage

20 I P age

n Ci

e at
27.7 V

..
nt at

6.80A

at
34.5 V

rcuit
1OOOV(IEC)or 1OOOV(UL) or 600V(UL)

6

18

17

270 Modules (5 Sub Arrays of 54 Modules
each)

36 Modules (1 Sub Array of 36 Modules)

306

0.07956 MWp DC or 0.070 MW inverter's
output (AC)

I

16.78%
... __ ..._ .._-

170 sqft

71.54 KW (@50°C)

01 x Sunny Tri power 20000TL (20 KW)

02 x Sunny Tri power 25000TL (25 KW)
'-.

SMA Solar Technology, Germany

e DC 1000 V
"--~-----'- _- ..

DC 150 V
- ---

oltag

urre

--
oc)

oom

put

-

oltag



(vii). Number of Inverters

(viii). Efficiency

'"

(x). Max. Input Current
,--

(xi). MPP Voltage Range

(xii). Output electrical syste

(xiii). Rated Output Voltage

(xiv). Rated Frequency
.--".-~ -

(xv). Power Factor
.-

(xvi). Power Control
_._ -'" .

(xvii). Environmental Enclosu

(e). Junction Boxes

(i). Number of Junction Bo
--

(ii). Input circuits in each b

(iii).
Max. Input current for e
circuit

-_.,.

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level
._,.

(vii). Over-Current protectio

(viii). DC Disconnect switch

(ix). Surge protection
--_.

21 I P age

m

. _. ----
3

98.4% (Sunny Tri power 20000TL)

98.3% (Sunny Tri power 25000TL

DC 66 A

'.
320 V- 800 V DC (@50°C)

..
3-Phase, 4-Wire

AC 230/400 V

50 Hz

1
..._- --- _._._-- ,-_

MPP Tracker

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Audible Noise 51 dB(A)

Operating Elevation <3000m

its 6

1 box with 2 inputs, 5 boxes with 3 inputs

15 A

--

1000 V

28kWp

.._-

IP 65

Fuse

6
.... _

Yes (1000V)

res

x un

ox

ach

n



(x). Purpose of Junction

... -

(f). Data Collecting Sys

(i) . Weather Data

_.

(ii). System Data

(D). Other Details

(ii).

COD of the Project(i).

Box

-...-- .-

(a). Combining the strings

(b) . DC Side Protection
._---

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b).
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

tem

Mar 07,2016

Expected Life of the Project from the COD

22 I Pi) t; e
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V-I Curve at STC of the Existing Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

8 -

~

i 6

o

4

PV module: Canadian Solar Inc .• CS6P - 260P

10

Cells temp ..: 25 'C

Incident IUilG ! :::'00 \l'J!fli'

t-------~~-...-.'-.---'-.-- ~

InCtdenllrrao ; 4 GO '/Jim"

2
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Amended SCHEDULE-I (for 10New Sites)

The Location, Size (i.e. Capacity in MW), Type of Technology,
Interconnection Arrangements, Technical Limits, Technical/Functional
Specifications and other details specific to the Generation Facilities of

the Licensee are described in this Schedule.

24 I P a g ('



1. METRO Cash & Carry, Islamabad

Location of the METRO, Islamabad Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

on Map of Pakistan

25 I P age



Location of the METRO, Islamabad Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

on Map of the Province of Punjab
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Location of the METRO, Islamabad Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

on Map of Islamabad
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Access Road/Link of the METRO, Islamabad Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

on Map of Islamabad
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Location of the METRO, Islamabad Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

.~.

I
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Process Flow Diagram of the Proposed Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV Panels Metro Cash & Carry

Utility Grid

inverter
PV Plant

Energy
Meter

DisCo Energy
Meter

Backup Generator
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Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)

73° 1'30.19"

31 I P il s e



Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

32 I P 3 g E:
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Plot 1-A, 1-11/4,

Islamabad for in-house utilization

(4). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(b) 230V/400V two single circuits individually on two seperate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(5). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time
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Detail of Generation Facility/Solar Power Plant

(A). Generallnformation

.---_-

(i) . Name of the Company/

_.

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation Fac

Offi

en see Shams Power (Private) Limited

_._--

ce of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, Plot 1-A, 1-
11/4, Islamabad

Fixed Tilted Plane

Tilt 2° & Azimuth 32° 148°

Solar Photovoltaic (PV)

Lie

ility

(8). Solar Power Generation Technology & Capacity

(i) . Type of Technology

(ii). Type of Cell

(ii). Type of System

(iii).
Installed Capacity of t
Generation Facility (M

.. _

he
W)

Photovoltaic (PV) Cell

Polyerystalline

--.

Grid Tied

--_._-

0.3564 MWp DC

(C). Technical Details of Equipment

34 I P il g e



•

_.

(a). Solar Panels-PV Mod

(i)_ Type of Module

(ii) . Surface Area of Modul

--

(iii). Dimension of each Mo

(iv)
Total area of roof top f
Panels-PV Modules

--
(v). No. of Modules

-_ ..

(vi). Frame of Module

"

(vii). Weight of one Module

--

(viii). Module Output Warran

(ix).
Number of Solar Cells
Module

(x). Efficiency of Module

(xi). Environment Protection

._ ... _-

(xii). Maximum Power (Pmax)

(xiii). Power Tolerance at ST
_.

(xiv). Operating Voltage @ (

(xv). Operating Current @ (

(xvi). Open circuit voltage (V

(xvii). Short circuit current (Isc

(xviii).
Optimum Operating Vo
NOCT

•

35 I P a g e

ules

Polycrystalline PV Type Module

CS6U-330P

1.94432 m2

ule 1960 mm x 992 mm x 40mm

Solar
2100 m2

1080
--

Anodised Aluminium Alloy

-".

22.4 kg
_ ....-_

For 1st Year
For 2naYear to 25,n

Year

Not more than 0.7%
97.5% or above output reduction each

year
_ -

each
72 Cells

16.97 %

System
Encapsulation and sealing arrangements for
protection from environment.

330Wp

.-
0- +5W

(nax) 37.2 V

."

nax) 8.88 A

) 45.6 V

9.45 A

~"--' _ --

age at
23.9 V

e

d

or

ty

C

p

P.

DC

It



•

(xix).
Optimum Operating Cur
NOCT

(xx).
Open circuit voltage (Vo
NOCT

-

(xxi).
Maximum system open
Voltage

(b). PV Array
._--

(i) . No. of Arrays

(ii). Modules in a String

(iii). Total No. of Strings
_ ..-- _.

(iv). Modules in Array
_ .._ -

(v). Total Modules
_, ..

(c). PV Capacity

-- --
(i) . Total Capacity

(ii). Net Capacity Factor

(d). Inverters
..-.~

(i) . Maximum DC Power In
._-

(ii) . Inverter Model

(iii). Manufacturer

(iv) Maximum DC Input Vol

(v). Start Voltage
.. '_'"

(vi). Number of Inverters
.--

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range

(x). Output electrical system

(xi). Rated Output Voltage

36 I P i'l g C

-_._ ... "_

ent at
7.05 A

) at
41.9 V

..-

ircuit
1OOOV(IEC) or 1OOOV(UL) or 600V(UL)

12

15
-- .

72

90 Modules

1080

_.
0.3564 MWp DC

16.30%

--..._,.' .

t 0.319 MW (@50°C)

Sunny Tri power 25000TL (25 I<W)

SMA Solar Technology, Germany

ge DC 1000 V

DC 150 V
-

12
----------

98.3% (Sunny Tri power 25000TL)

-_
DC66A

-
320 V- 800 V DC (@50°C)

--
3-Phase, 4-Wire

..

AC 230/400 V
--

c

C

pu

ta



•

(xii). Rated Frequency

(xiii). Power Factor

(xiv). Power Control

(xv). Environmental Enclosu

.. .

(xvi) Protection Devices

(e). Junction Boxes

(i). Number of Junction 80

(ii). Input circuits in each b

(iii).
Max. Input current for e
circuit

--- ....

(iv). Max. Input voltage

(v). Power at each box
-

(vi). Protection Level

(vii). Over-Current protection

(viii). Surge protection

(ix). Purpose of Junction Bo

-..

37 I fJ a g e

res

_.
50 Hz

1
._

MPP Tracker (2 MPPT/lnverter)
...._ ..- --"--- _._-_
Operating Temperature

-250 C to 600 C
Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

_ .

(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection
--

(e). Over-voltage protection

its 24

1 box with 3 String inputs and 1 Combined
output

15 A

1000 V
_ ..--

14.85 kWp

IP 65

Fuse

Yes (>1000V)

(a). Combining the strings
-

x un

ox

ach

x



•

(f). Data Collecting Sys
._

(i) . Weather Data

-

(ii). System Data

(D). Other Details

• (i). COD of the Project

tem

.._, ..,_.-

(b). Short Circuit Protection

(c). DC Surge Protection

--

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b).
Total DC power (kW)

generated by PV array .

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

July 22, 2018

(ii).
Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P

t2r----r----~---,----~----r_--~----~--~----~--~

Cells temp. : 25 'C

10

8

Incideni Irr3::!. 0 1000 '.,Vlm'

~
~ 6
5 I-------------------------------------.~

Incident lrr ac. = BOO '/{I'm'

lncldent lrr ac = ';01) ',';lim"4r----- ~

Incident In·ad. 0 200 ',""Im"2p------------ ~~_

10 30 so
Vo~age PI}
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2. METRO Cash & Carry, Thokkar Niaz Baig,
Lahore

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Punjab

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Lahore

•

•
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Lahore
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL



Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

Sun

PV Panels Metro Cash & Carry

Utility Grid

ro Cash & Carry I---!
Distribution Box

Inverter
PV Plant
Energy
Meter

LESCOEnergy
Meter

Backup Generator

45 I P age



Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Thokar Niaz Baig

Lahore for in-house utilization.

(6). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(c). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(7) Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time.
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Detail of Generation Facility/Solar Power Plant

(A). General Information

(i). Name of the Compa

----

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation

-

(8).

ny/ Llc

Facility

Offi

----
ensee Shams Power (Private) Limited

ce of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, Canal Road,
Thokar Niaz Baig, Lahore

_,_ ..

Fixed Tilted Plane

Tilt 2° & Azimuth 33°

Solar Photovoltaic (PV)

_.

Solar Power Generation Technology & Capacity

...•.

(i) . Type of Technology

(ii). Type of Cell

(ii ). Type of System

(iii).
Installed Capacity of
Generation Facility (

_.

49 I P age

the
MW)

Photovoltaic (PV) Cell

Polycrystalline

-_--------~--------------------~
Grid Tied

-------------------------------~
0.38808 MWp DC



(C). Technical Details of Equipment

•

(a). Solar Panels-PV Modu
-_ ..

(i). Type of Module

.

(ii). Surface Area of Modul

(iii). Dimension of each Mo

(iv)
Total area of roof top fo
Panels-PV Modules

...

(v). No. of Modules
..

(vi). Frame of Module

. .

(vii). Weight of one Module

(viii). Module Output Warrant

(ix).
Number of Solar Cells I

Module

-
(x). Efficiency of Module

(xi). Environment Protection

(xii). Maximum Power (Pmax)

._- ---

(xiii). Power Tolerance at ST

..-

(xiv). Operating Voltage @ (

(xv). Operating Current @ (P
_.-

(xvi). Open circuit voltage (VO(

---_

50 I P a ;; e

les

Polycrystalline PV Type Module

CS6U-330P
-_- ,.-

1.94432 m2

ule 1960 mm x 992 mm x 40mm

Solar
2287 m2

1176

Anodised Aluminium Alloy

22.4 kg
-_ ..._-

For 1st Year
For 2na Year to zs"

Year

Not more than 0.7%
97.5% or above output reduction each

year

n each
72 Cells

---_ .

16.97 %

.._-

Encapsulation and sealing arrangements for
System

protection from environment.

330Wp

0- +5W

.-

max) 37.2 V

rnax) 8.88 A
•••• 0-

J 45.6 V

e

d

y

C

P



(xvii). Short circuit current (I

(xviii).
Optimum Operating V
NOCT

(xix).
Optimum Operating
NOCT

(xx).
Open circuit voltage (
NOCT

(xxi).
Maximum system op
Voltage

-

(b). PV Array
.-- ..

(i). No. of Arrays
.-

(ii). Modules in a String

(iii). Total No. of Strings

(iv). Modules in Array

(v). Total Modules

(c ). PV Capacity

(i). Total Capacity

(ii). Net Capacity Factor

--.-

(d). Inverters
_._ ..

(i). Maximum DC Power I
.._,.

(ii). Inverter Model

(iii). Ma nufactu rer
---

(iv). Maximum DC Input

(v). Start Voltage

(vi). Number of Inverters

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range
-_ ...
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Curre

9.45 A

.._--'_
e at

33.9 V

-
nt at

7.05 A

at
41.9 V

_.
cuit

1OOOV(IEC)or 1000V (UL) or 600V(UL)

14

14
-_-_

84

84 Modules

1176

--

0.38808 MWp DC

15.46%

-- ----_._-

0.347 MW (@50°C)

Sunny Tri power 25000TL (25 KIN)

SMA Solar Technology, Germany

e DC 1000 V

DC 150 V

14

-- '--"
98.3% (Sunny Tri power 25000TL)

DC66A
---

320 V- 800 V DC (@50°C)

oltag

Voc)

en Cir

nput

Voltag



(x). Output electrical system

(xi). Rated Output Voltage

(xii). Rated Frequency

(xiii). Power Factor
...

(xiv). Power Control

(xv), Environmental Enclosur

..

(xvi) Protection Devices

--

(e). Junction Boxes

(i). Number of Junction Box
._--,.

(ii). Input circuits in each bo

(iii).
Max. Input current for e
circuit

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level

(vii). Over-Current protection

52 I f> a g e

es

..

3-Phase, 4-Wire
-

AC 230/400 V

50 Hz

1

MPP Tracker (2 MPPT/lnverter)

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

-- __ ..--

(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection

(e). Over-voltage protection

--
nits 28
-

1 box with 3 String inputs and 1 Combined
output

15 A

1000 V

13.86kWp

IP 65 & Fire Protection

Fuse
--.

u

x

ach



(viii). Surge protection

(ix) Purpose of Junction

(f). Data Collecting Sy

(i). Weather Data

--,.

(ii). System Data

(D). Other Details

(i) . COD of the Project

Box

._-

Yes (>1OOOV)

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b).
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

stem

January 01, 2018

(ii).
Expected Life of the Project from the

25 Years
COD
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P
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21----------- ---------_--I'\..

10 20 30 40 50
Vo~age Ivl

54 I P age



3. METRO Cash & Carry, Airport Road, DHA,
Lahore

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan

e
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Punjab
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Lahore
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Lahore
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL

I
1,,
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

PV Panels Metro Cash & Carry

Utility Grid

Inverter
PV Plant
Energy
Meter

LESCOEnergy
Meter

Backup Generator

60 I P age



Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)

74°25'8.80"

f
I
s
;

61 I P d g e



Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Airport Road

Lahore for in-house utilization.

(8). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(d). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(9). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time.
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Detail of Generation Facility/Solar Power Plant

(A). General Information

(i) . Name of the Company/

(ii).
Registered/Business
the Company

..

(iii). Principal Office

._.

(iv). Plants Location

_ .._-,.

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation Fac

Licensee Shams Power (Private) Limited

e of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2na Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, Near Airport
DHA, Lahore

_.

Fixed Tilted Plane

Tilt 2° & Azimuth 35°,145°

Solar Photovoltaic (PV)

Offic

ility

(8). Solar Power Generation Technology & Capacity

(i). Type of Technology

(ii ). Type of Cell

(ii). Type of System

(iii).
Installed Capacity of t
Generation Facility (

64 I P age

he
MW)

Photovoltaic (PV) Cell

"

Polycrystalline

Grid Tied

0.3564 MWp DC

"



(C). Technical Details of Equipment

(a). Solar Panels-PV Mod

(i) . Type of Module

(ii). Surface Area of Modul

(iii). Dimension of each Mo

(iv)
Total area of roof top fa
Panels-PV Modules

(v). No. of Modules

(vi) Frame of Module

,,-

(vii). Weight of one Module

(viii). Module Output Warrant

,,~-

(ix).
Number of Solar Cells
Module

(x). Efficiency of Module

(xi). Environment Protection

,,-

(xii). Maximum Power (Pm"x)

,,~

(xiii). Power Tolerance at ST

(xiv). Operating Voltage @ (

(xv). Operating Current @ (

(xvi). Open circuit voltage (V,

-_ ..

(xvii). Short circuit current (lse

65 I P age

e

Polycrystalline PV Type Module

CS6U-330P
--"

1.94432 m2

e 1960 mm x 992 mm x 40mm

-
alar

2100 m2

1080

Anodised Aluminium Alloy

22.1 kg
. -

For t" Year
For 2na Year to zs"

Year

Not more than 0.7%
97.5% or above output reduction each

year

ach
72 Cells

" --

16.97 %

stem
Encapsulation and sealing arrangements for
protection from environment.

330Wp

o -+5W

""

x) 37.2 V

) 8.88A

45.6 V

9.45 A

""

ules

dul

~
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y
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C

,J



(xviii).
Optimum Operating Vol
NOCT

(xix).
Optimum Operating Cu
NOCT

(xx).
Open circuit voltage (V
NOCT

(xxi).
Maximum system open
Voltage

_ ..

(b). PV Array

(i). No. of Arrays

(ii) Modules in a String

(iii). Total No. of Strings

(iv). Modules in Array
...

(v). Total Modules

(c). PV Capacity

(i). Total Capacity

(ii ). Net Capacity Factor
--,.

(d). Inverters

(i). Maximum DC Power In

(ii). Inverter Model
-

(iii). Manufacturer

(iv). Maximum DC Input Vol

(v). Start Voltage

(vi). Number of Inverters

(vii). Efficiency

-_._ -
(viii). Max. Input Current

..

(ix). MPP Voltage Range

(x). Output electrical system
_ .....
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put

...

e at
33.9 V

tat
7.05 A

at
41.9 V

cuit
1OOOV(IEC) or 1000V (UL) or 600V(UL)

12

15
-_._-

72

90 Modules
__

1080

0.3564 MWp DC

16.10%

0.318 MW (@50°C)

Sunny Tri power 25000TL (25 KW)

SMA Solar Technology, Germany
_- --

e DC 1000 V
..- ....-

DC 150 V

12

98.3% (Sunny Tri power 25000TL)

._---
DC66A

320 V- 800 V DC (@50°C)
...

3-Phase,4-Wire
._.

tag

rren

Cir

tag



(xi). Rated Output Voltage
•.... _

(xii). Rated Frequency
--,"'_

(xiii). Power Factor
..

(xiv). Power Control
.._ ..

(xv). Environmental Enclosur

_.-

(xvi) Protection Devices

(e). Junction Boxes

(i) . Number of Junction Box

(ii). Input circuits in each bo

(iii).
Max. Input current for e
circuit

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level

(vii). Over-Current protection

(viii). Surge protection
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u

AC 230/400 V

50 Hz

1
-.

MPP Tracker (2 MPPTlinverter)
. -,.

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

_ ... _---

(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection
-

(e). Over-voltage protection

nits 24

1 box with 3 String inputs and 1 Combined
output

15 A

_.
1000 V

._,,---
14.85kWp

IP 65
...

Fuse

Yes (>1 OOOV)
._-

es

x

ach



_.

(ix). Purpose of Junction B

---

(f). Data Collecting Syst

(i) . Weather Data

(ii). System Data

(D). Other Details

(i) . COD of the Project

ox

--

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

_._-_-

Irradiance Meter (Survey
(a) 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a) current (A) of each Inverter

(Phase, Line)
...

(b).
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

--

em

Mar 12, 2018

(ii).
1-----+----------- ---c--:--::-------:-:-t-----------------j

Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P
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4. METRO Cash & Carry, Ravi Road, Lahore

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Punjab
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Lahore
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Lahore
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

Sun

PV Panels M etro Cash & Carry

•
Utility Grid

Inverter
PV Plant
Energy

Meter

LESCO Energy

Meter

Backup Generator

•
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•

•

Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Longitude (East)Latitude (North)

31 °35'48. 92"N
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Ravi Road, Lahore,

for in-house utilization.

• (10). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(e). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(11). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time .

•
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Detail of Generation Facility/Solar Power Plant

(A). Generallnformation

(i) , Name of the Com pan

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

._

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation F

Offi

ensee Shams Power (Private) Limited

,_-
ce of 2nd Floor, AI-Maalik Building 19-Davis Road

Lahore

2na Floor, AI-Maalik Building 19-Davis Road
Lahore

•...

METRO Cash & Carry Store, Ravi Road,
Lahore

Fixed Tilted Plane

Tilt 3° & Azimuth -38°

Solar Photovoltaic (PV)

y/ Lic

acility

(8). Solar Power Generation Technology & Capacity

(i). Type of Technology

(ii ). Type of Cell

(ii). Type of System

(iii).
Installed Capacity of
Generation Facility (

_, ..

79 I P age

the
MW)

Photovoltaic (PV) Cell

Polycrystalline

Grid Tied

...._-
0.33264 MWp DC



(C). Technical Details of Equipment

•

.-

(a). Solar Panels-PV Mo

(i) . Type of Module

(ii). Surface Area of Mod

(iii). Dimension of each M

(iv)
Total area of roof top
Panels-PV Modules

(v) . No. of Modules
--

(vi). Frame of Module

- -
(vii). Weight of one Modul

(viii). Module Output Warra

(ix).
Number of Solar Cell
Module

(x). Efficiency of Module

(xi). Environment Protecti

. -_ ..

(xii). Maximum Power (Pma

(xiii). Power Tolerance at S

(xiv). Operating Voltage @

(xv). Operating Current @

(xvi). Open circuit voltage (

----

(xvii). Short circuit current (I

_ .. _.

•
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Polycrystalline PV Type Module

CS6U-330P

1.94432 m2

ule 1960 mm x 992 mm x 40mm

---.

Solar
1960 m2

1008

Anodised Aluminium Alloy

22.4 kg

For 1st Year
For 2nd Year to zs"

Year

Not more than 0.7%
97.5% or above output reduction each

year
---

n each
72 Cells

._-- _.

16.97 %

..._, ..

System
Encapsulation and sealing arrangements for
protection from environment.

._-

330Wp

.

0-+5W

max) 37.2 V

nax) 8.88 A

) 45.6V

..

9.45 A

ule

od

--
for

e

nty

s i

on

x)

TC

(P

(P,

VOG
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•

(xviii).
Optimum Operating V
NOCT

(xix).
Optimum Operating C
NOCT

(xx).
Open circuit voltage (
NOCT

(xxi).
Maximum system ope
Voltage

(b). PV Array

(i). No. of Arrays
...

(ii) . Modules in a String

(iii). Total No. of Strings

(iv). Modules in Array

(v). Total Modules
.. _-

(c). PV Capacity

(i). Total Capacity

(ii). Net Capacity Factor

-

(d). Inverters

(i). Maximum DC Power I

(ii). Inverter Model
.. _ .. _

(iii). Manufacturer

(iv). Maximum DC Input V

(v). Start Voltage

(vi). Number of Inverters

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range

(x). Output electrical syste

•

urr

~...-
ge at

33.9 V

ent at
7.05 A

) at
41.9 V

_-.--

ircuit
1OOOV(IEC)or 1OOOV(UL) or 600V(UL)

12
-

14

72

84 Modules

1008

0.33264 MWp DC

15.20%
.. --

..

t 0.299 MW (@50°C)
-

Sunny Tri power 25000TL (25 KW)
... _._. __ .

SMA Solar Technology, Germany

ge DC 1000 V
..

DC 150 V

12

98.3% (Sunny Tri power 25000TL

DC66A
. --~------,-

320 V- 800 V DC (@50°C)
...

3-Phase, 4-Wire
' ..

alta

-
Vac

nC

npu

alta
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•

.-----
(xi). Rated Output Voltage

..-
(xii) Rated Frequency

(xiii). Power Factor
- ...---

(xiv). Power Control

(xv). Environmental Enclos

(xvi) Protection Devices

(e). Junction Boxes

(i). Number of Junction B
--,_

(ii) . Input circuits in each

_.

(iii).
Max. Input current for
circuit

(iv). Max. Input voltage

(v), Power at each box

(vi). Protection Level

(vii) Over-Current protecti

(viii), DC Disconnect switch

•

82 I P age

ox u

AC 230/400 V
._-

50 Hz

1

MPP Tracker (2 MPPT/lnverter)
.. --

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

--_",-- -

(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d), Reverse current protection

(e), Over-voltage protection
---.-

nits 24

1 box with 3 String inputs and 1 Combined
output

h
15 A

1000 V

13.86kWp

IP 65

Fuse
..-

3 per DC Box (on +ve side only)
-_ .. _

ures

box

eac

on



•

(ix). Surge protection

(x). Purpose of Junction

(f). Data Collecting Sys

(i) . Weather Data

(ii). System Data

tem

Box

(D). Other Details

(i). COD of the Project

Yes (>1OOOV)

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b).
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

Nov 12,2017

(ii).
Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar lnc., CS6U - 330P
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5. METRO Cash & Carry, Model Town,
Lahore

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Punjab

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Lahore
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Lahore

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL

•
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

Sun

PV Panels Metro Cash & Carry

•
Utility Grid

Inverter
PV Plant
Energy
Meter

LESCOEnergy
Meter

Backup Generator

•
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•

·e

\
r

Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Longitude (East)Latitude (North)

91 I P d g e



Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

•
)MCB-l

l__

PV AC Electrical B03rd
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Link Road Model

Town Lahore for in-house utilization

(12). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(f). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(13). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time .

•
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Detail of Generation Facility/Solar Power Plant

(A). General Information

•

(i). Name of the Com pan

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

._.

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation F

Off

-

ensee Shams Power (Private) Limited

- ----
ice of 2nd Floor, AI-Maalik Building 19-Davis Road

Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, Link Road
Model Town Lahore

Fixed Tilted Plane

Tilt 8° & Azimuth 20°

Solar Photovoltaic (PV)

y/ Lic

acility

(B). Solar Power Generation Technology & Capacity

(i). Type of Technology

(ii) Type of Cell

(ii). Type of System

(iii).
Installed Capacity 0

Generation Facility

94 I Pit g e

fthe
(MW)

Photovoltaic (PV) Cell

Polycrystalline

...

Grid Tied

0.24948 MWp DC

._,,--



(C). Technical Details of Equipment

•

(a). Solar Panels-PV Mo

(i) . Type of Module

(ii) . Surface Area of Mod
._.

(iii). Dimension of each M

(iv)
Total area of roof top
Panels-PV Modules

(v) . No. of Modules
-.

(vi). Frame of Module

(vii). Weight of one Module

(viii). Module Output Warra

(ix).
Number of Solar Cells
Module

_._ ..

(x). Efficiency of Module

(xi). Environment Protectio

- .

(xii). Maximum Power (Prnax

(xiii). Power Tolerance at S

(xiv). Operating Voltage @

(xv). Operating Current @ (
--

(xvi). Open circuit voltage (

---

(xvii). Short circuit current (Is

95 I P a g e

ule

s

Polycrystalline PV Type Module

CS6U-330P
.__ .

1.94432 m2

------

Ie 1960 mm x 992 mm x 40mm

olar
1470 m2

756
---

Anodised Aluminium Alloy

- .._
22.4 kg

---
For 1st Year

For 2na Year to 25m

Year

Not more than 0.7%
97.5% or above output reduction each

year

each
72 Cells

16.97 %

ystem
Encapsulation and sealing arrangements for
protection from environment.

----
330Wp

0-+5W

ax) 37.2 V

x) 8.88 A

45.6 V

9.45A

dule

odu

for S

nty

in

nS

TC



•

(xviii).
Optimum Operating Vol
NOCT

(xix).
Optimum Operating Cur
NOCT

(xx).
Open circuit voltage (Va
NOCT

(xxi).
Maximum system open
Voltage

(b). PV Array

(i). No. of Arrays
--

(ii). Modules in a String

(iii). Total No. of Strings
.."' ..,.

(iv). Modules in Array

(v). Total Modules

(c). PV Capacity

(i). Total Capacity

(ii). Net Capacity Factor
...

(d). Inverters

(i). Maximum DC Power In
-.

(ii). Inverter Model
_ ... _

(iii). Manufacturer

(iv). Maximum DC Input Vol
..

(v). Start Voltage
--

(vi). Number of Inverters

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range

(x). Output electrical system
._ ..

96 I P d g C

p

._-
age at

33.9 V

_._._.
ent at

7.05 A

-..-
) at

41.9 V

ircuit
1000V(IEC) or 1000V (UL) or 600V(UL)

9

14

54
_., .

84 Modules

756

0.249480 MWp DC

15.68%
..

~----
ut 0.223 MW (@50°C)

Sunny Tri power 25000TL (25 KW)
.... _.

SMA Solar Technology, Germany

age DC 1000 V
........

DC 150 V

9

98.3% (Sunny Tri power 25000TL)

DC66A
.._ ...,.

320 V- 800 V DC (@50°C)

3-Phase, 4-Wire

c

C



,,
I

-
(xi). Rated Output Voltage

(xii). Rated Frequency
_.,.",.-

(xiii). Power Factor

(xiv). Power Control

(xv). Environmental Enclosu

.. -

(xvi) Protection Devices

(e). Junction Boxes

(i). Number of Junction Bo
-_ ..

(ii). Input circuits in each b

. _.

(iii).
Max. Input current for e
circuit

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level

(vii) Over-Current protectio

(viii). Surge protection

97 I P age

xu

AC 230/400 V

50 Hz
_.

1

MPP Tracker (2 MPPT/lnverter)

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

_.".--

(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection

(e). Over-voltage protection

nits 18

1 box with 3 String inputs and 1 Combined
output

..-

15 A

1000 V

13.86kWp

IP 65
..-

Fuse

Yes (>1 OOOV)

res

ox

_.
ach

n



(ix). Purpose of Junction

(f). Data Collecting Sy

(i). Weather Data

(ii). System Data

(D). Other Details

(i). COD of the Project

Box

.._-

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b)
Total DC power (kW)

generated by PVarray.
--

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

--

stem

September 15, 2017

(ii).
Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar lnc., CS6U - 330P

12 ~---"'--"'---r----'----r------r---""T'"""--r----'-----'

~
~ 6
5 r---------------------------- _rJ

8

Incident irra,j " 1000 \Vim'

Cells temp. = 25 'C

10

Incident irrad = 200 ',vIm"

Incident Irra,j ~ '.'·00 W/m'

Incident irrae. = ~OO ',Vim"4r--- -- ~

Incident rrac = ;'00 '/i/m'2r-----------.~..... ~ ~~

10 20 30 40 50
Vottage M
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6. METRO Cash & Carry, Sargodha Road,
Faisalabad

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Punjab

r
i
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Faisalabad
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•

Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Faisalabad
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

PV Panels Metro Cash & Carry

Utility Grid

Inverter
PV Plant
Energy
Meter

FESCO Energy
Meter

Backup Generator
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Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)

73° 4'14.46"
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

}MCB-l

l . )MCB~

I

PV AC Electrical Board

"'""M." _~
Interconnection j

O.sconnect SWitCh', / Pe>intof tnterconnecnon

Client Load

)Main Break"r
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Sargodha Road,

Faisalabad for in-house utilization

(14). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(g). 230V/400V two single circuits individually on two seperate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer

(15). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time.
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Detail of Generation Facility/Solar Power Plant

(A). General Information

----

(i) . Name of the Com pan

(ii).
Registered/Business
the Company

..

(iii). Principal Office

..

(iv). Plants Location

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation Fa

Off

ensee Shams Power (Private) Limited

.-

ice of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2na Floor, AI-Maalik Building 19-Davis Road
Lahore

..

METRO Cash & Carry Store, Sargodha
Road, Faisalabad

Fixed Tilted Plane

Tilt 2° & Azimuth 22°

Solar Photovoltaic (PV)

y/ Lic

cility

(8). Solar Power Generation Technology & Capacity

(i). Type of Technology

--_.

(ii). Type of Cell

...

(ii). Type of System

(iii).
Installed Capacity of t
Generation Facility (M

109 I F ,l ;< "

he
W)

Photovoltaic (PV) Cell

Polycrystalline

------------_.
Grid Tied

.._-,.

0.297 MWp DC

..



(C). Technical Details of Equipment

(a). Solar Panels-PV Mo
---

(i) . Type of Module

_ ..

(ii) . Surface Area of Mod

(iii) . Dimension of each M

(iv)
Total area of roof top
Panels-PV Modules

(v). No. of Modules

(vi) Frame of Module

(vii). Weight of one Module
_.

(viii). Module Output Warra

..~-

(ix).
Number of Solar Cells
Module

(x). Efficiency of Module

.-

(xi). Environment Protecti

(xii). Maximum Power (Prns

(xiii). Power Tolerance at S

(xiv). Operating Voltage @

(xv). Operating Current @

(xvi). Open circuit voltage (

_._ ...,.

(xvii). Short circuit current (I.
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ule

._--
Polycrystalline PV Type Module

CS6U-330P

1.94432 m2

1960 mm x 992 mm x 40mm

.._._

otar
1750 m2

----
900

_",_,

Anodised Aluminium Alloy

22.4 kg
._.

For 151 Year
For 2na Year to 25m

Year

Not more than a 7%
97.5% or above output reduction each

year
..
ach

72 Cells

16.97 %

." ..

stem
Encapsulation and sealing arrangements for
protection from environment.

.-

330Wp

0-+5W

---

x) 37.2 V

._.

) B.BBA

45.6 V

------ _.-
9.45 A

dules

odule

-
for S

nty

In e

on Sy

TC

(Pmax

sc)



•

(xviii).
Optimum Operating V
NOCT

(xix).
Optimum Operating C
NOCT

(xx).
Open circuit voltage (
NOCT

..

(xxi).
Maximum system ope
Voltage

(b). PV Array

(i). No. of Arrays

(ii). Modules in a String

(iii). Total No. of Strings
_,_ ..

(iv). Modules in Array
.-

(v). Total Modules

(c). PV Capacity
..

(i) . Total Capacity
..

(ii). Net Capacity Factor

(d). Inverters
..

(i). Maximum DC Power I

(i i). Inverter Model

(iii). Manufacturer

(iv). Maximum DC Input V

(v). Start Voltage

(vi). Number of Inverters
_ .._

(vii). Efficiency

(viii). Max. Input Current
---_.-

(ix). MPP Voltage Range

(x). Output electrical syst

Voc)

.-

e at
33.9 V

tat
7.05 A

_,.,_---

at
41.9 V

cuit
1000V(IEC) or 1000V (UL) or 600V(UL)

10
_._ ...._

15

60
,_""

90 Modules
..-

900

0.297 MWp DC

15.91%

0.266 MW (@50°C)

Sunny Tri power 25000TL (25 'rWV)

SMA Solar Technology, Germany

e DC 1000 V

DC 150 V

10
_---

98.3% (Sunny Tri power 25000TL)

,-,,--,

DC66A
_,--

320 V- 800 V DC (@50°C)
..- --

3-Phase, 4-Wire

oltag

urren

n Cir

nput

oltag

em



(xi). Rated Output Voltag

(xii). Rated Frequency

(xiii). Power Factor

(xiv). Power Control

(xv). Environmental Enclo

(xvi) Protection Devices

(e). Junction Boxes

(i) . Number of Junction B
-_._

(ii) Input circuits in each

(iii) .
Max. Input current for
circuit

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level

(vii). Over-Current protecti
..

(viii). Surge protection
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e AC 230/400 V

50 Hz

1

MPP Tracker (2 MPPT/lnverter)
..

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

.. -- --
(a). DC Disconnect Switch

_ ...--

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection
C-- .-_

(e). Over-voltage protection
-...

Its 20

1 box with 3 String inputs and 1 Combined
output

15 A

1000 V
-_ ... ,_

14.85kWp

IP 65

Fuse

--
Yes (>1 OOOV)

--

sures

ox un

box

each

on



·._ ...

(ix). Purpose of Junction B

(f). Data Collecting Sys

(i) . Weather Data

(ii) . System Data

-.-

(D). Other Details

COD of the Project(i).

ox

.._. .. _--_._---
(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b)
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

tem

May 17, 2018

(ii) .
Expected Life of the Project from the

25 Years
COD
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P

12....----.---...,.-----,,-----.---...---....---------.----
Cells temp. = 25 'C

Incident lrr ac. = "'00 Vi/rrf4r--- ~

Incident Irra:j = 1GOO'1v'!m"10

~ 6
5 r------------------------- _Incident Irra:j = 000 ,/ll'm'

Incident trrac = 200 'ii/rrf
21=-______ -----------..J"
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Vottsge [IIJ
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7. METRO Cash & Carry, Manghopir Road,
Karachi

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan

llSIPage



Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Sindh
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Karachi
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Karachi
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

Suo·

PV Panels Metro Cash & Carry

Utility Grid

Inverter
PV Plant

Energv

Meter

K-Electric Energy
Meter

Backup Generator
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Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)

6r 0'56.73"
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL
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I
I
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I
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_..J
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, D-22, Manghopir

Road, Karachi for in-house utilization

(16) The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(h). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(17). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time
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Detail of Generation Facility/Solar Power Plant

(A). General Information

.-

(i) . Name of the Company

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

(v). Field Type

(vi) Field Parameters

". --

(vii). Type of Generation Facility

nsee Shams Power (Private) Limited

e of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, 0-22,
Manghopir Road, Karachi

Fixed Tilted Plane

Tilt 2° & Azimuth 0°

Solar Photovoltaic (PV)

/ Lice

attic

(B). Solar Power Generation Technology & Capacity

(i) Type of Technology

-_ ...

(ii). Type of Cell

(ii). Type of System

(iii).
Installed Capacity of
Generation Facility (
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the
MW)

Photovoltaic (PV) Cell

_.-

Polycrystalline

._--
Grid Tied

--".-

0.2376 MWp DC

.-



(C). Technical Details of Equipment

(a). Solar Panels-PV Mo

(i). Type of Module

(ii) . Surface Area of Mod

(iii). Dimension of each M

(iv)
Total area of roof top
Panels-PV Modules

(v). No. of Modules

--
(vi). Frame of Module

(vii). Weight of one Module
_ ...

(viii). Module Output Warra

(ix).
Number of Solar Cells
Module

-_.

(x). Efficiency of Module

--

(xi). Environment Protectio

(xii). Maximum Power (Pm~

(xiii). Power Tolerance at S

(xiv). Operating Voltage @

(xv). Operating Current @ (

(xvi). Open circuit voltage (

-_.

(xvii). Short circuit current (Is

--_._
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ule

--

Polycrystalline PV Type Module

CS6U-330P
--

1.94432 m2

. - _., . . -

1960 mm x 992 mm x 40mm

olar
1400 m2

720
._,._- .._--

Anodised Aluminium Alloy

--
22.4 kg

-.

For 1st Year
For 2na Year to zs"

Year

Not more than 0.7%
97.5% or above output reduction each

year
.-

ach
72 Cells

-.--- ---
16.97 %

,,_- _.

stem
Encapsulation and sealing arrangements for
protection from environment.

. ,_-

330Wp

-
0- +5W

xl 37.2 V

... -
) 8.88 A

-----
45.6 V

._- ._._--

9.45 A

dules

odule

for S

nty

me

n Sy

TC



(xviii).
Optimum Operating V
NOCT

(xix).
Optimum Operating C
NOCT

--..-

(xx).
Open circuit voltage (
NOCT

(xxi).
Maximum system ope
Voltage

(b). PV Array
~-

(i). No. of Arrays

(ii). Modules in a String
- ~

(iii). Total No. of Strings

(iv). Modules in Array

(v). Total Modules
_.,.

(c). PV Capacity
..-~

(i) . Total Capacity

(ii). Net Capacity Factor

(d). Inverters

(i) . Maximum DC Power I

(ii) . Inverter Model

(iii) . Manufacturer
---_,.

(iv). Maximum DC Input V

(v). Start Voltage

(vi). Number of Inverters
..

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range

(x). Output electrical syst

126 I P age

--

Voc)

---_.
e at

33.9V

tat
7.05 A

at
41.9 V

cuit
1OOOV(IEC)or 1000V (UL) or 600V(UL)

8
....-_-~-

15

48

90 Modules

720

0.2376 MWp DC

18.02%
-_-,_,.

0.213 MW (@50°C)
.._-

Sunny Tri power 25000TL (25 KW)

SMA Solar Technology, Germany
~--

e DC 1000 V

DC 150 V

8
..

98.3% (Sunny Tri power 25000TL)

----

DC 66A
~-~

320 V- 800 V DC (@50°C)

3-Phase, 4-Wire

oltag

urren

n Cir

nput

oltag

em



•

(xi). Rated Output Voltage
_ ...

(xii). Rated Frequency

(xiii). Power Factor

(xiv). Power Control

(xv). Environmental Enclos

..

(xvi) Protection Devices

(e). Junction Boxes

(i). Number of Junction B

(ii) Input circuits in each b

(iii).
Max. Input current for
circuit

--.-

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level
...-

(vii). Over-Current protectio

-
(viii). Surge protection

127lPage

ures

AC 230/400 V

50 Hz

1

MPP Tracker (2 MPPT/lnverter)

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

...- 1--

(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection

(e). Over-voltage protection

nits 16

1 box with 3 String inputs and 1 Combined
output

15 A

1000 V

14.85 kWp

IP 65

Fuse

Yes (>1000V)

---- -

ox u

ox

each

n



•

(ix). Purpose of Junction

-

(f). Data Collecting Sy

(i) . Weather Data

(ii). System Data

(D). Other Details

(i). COD of the Project

Box

---_._-

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection
-

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)
____ 0 •••• __ •

(b).
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

stem

August25,2018

(ii).
Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P

12 ~---'----r----'---'---..---__""--....-----'r----r------.

• E 6o j---------------------------~

8

Incident lrr ac ; 1000 'Nlm'

Cellstemp; 25 'C

10

Incident Ina::::. :.:;500 V4/m":

4r ln_c_ide_n_t'_rr'_'8_.;_~_o_o ·'_/i"I_m"_' .:

Incident Irrad ; 200 'Nim"2r--------.-.- __.._. ~_I'\

30 40 50
Vo~age [V]

•
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8. METRO Cash & Carry, Near Stargate,
Karachi

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan

•

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Sindh

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Karachi

•
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Karachi
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL

•
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

Sun

PV Panels Metro Cash & Carry

•
Utility Grid

Inverter
PV Plant

Energy

Meter

K-Electric Energy

Meter

ro Cash & Carry I---'_,re ff.---"
Distribution Box

Backup Generator
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•

Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Longitude (East)Latitude (North)

6r 9'5.08"24°53'17.05"
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

•
)MCB-2 )MCB-N

------1--- _. J
I
) Main Breaker

!
PV AC Ek>ctrical Board .................------+- --l

Point of Interconnection

I"""'~W'S,,'''''

)Main B...aker
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Near Stargate,

Karachi for in-house utilization

(18). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(i). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(19). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time

•
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Detail of Generation Facility/Solar Power Plant

(A). General Information

(i). Name of the Compa

(ii) .
Registered/Business
the Company

-

(iii). Principal Office

(iv). Plants Location

_.

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation

-

nyl Lie

Facility

Offi

ensee Shams Power (Private) Limited

ce of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, Near
Stargate, Karachi

Fixed Tilted Plane

..

Tilt 2° & Azimuth 0°

Solar Photovoltaie (PV)

(B). Solar Power Generation Technology & Capacity

.-

(i) . Type of Technology

(ii). Type of Cell

-

(ii). Type of System

(iii).
Installed Capacity of
Generation Facility (

.-~--.
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the
MW)

Photovoltaic (PV) Cell

Polycrystalline

...

Grid Tied

---

0.3564 MWp DC

-- ----



(C). Technical Details of Equipment

-,

(a). Solar Panels-PV Mod
--

(i) , Type of Module

(ii) , Surface Area of Modul

(iii). Dimension of each Mo

(iv)
Total area of roof top fo
Panels-PV Modules

(v). No. of Modules

(vi). Frame of Module

(vii), Weight of one Module
-

(viii), Module Output Warrant

(ix).
Number of Solar Cells I

Module

(x). Efficiency of Module

-_.".

(xi). Environment Protection

(xii). Maximum Power (Prnax)

(xiii). Power Tolerance at ST

(xiv). Operating Voltage @ (

-
(xv). Operating Current @ (P

(xvi). Open circuit voltage (V"

(xvii). Short circuit current (Isc)
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e

s
--,

Polycrystalline PV Type Module

CS6U-330P

1,94432 m2

--

Ie 1960 mm x 992 mm x 40mm

olar
2100 m2

1080
.._-

Anodised Aluminium Alloy

. _--
22,4 kg

For 1st Year For 2na Year to 25m

Year

Not more than 0,7%
97.5% or above output reduction each

year

each
72 Cells

16.97 %

. _.,_ ----- ._.".", , .._ ---

ystem
Encapsulation and sealing arrangements for
protection from environment.

330Wp

0- +5W

1<-.1 x) 37.2 V

x) 8.88A

45,6V

- .- ... ---_._-

9,45 A

ule

du

rS

y

n

S
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•

(xviii).
Optimum Operating Vo
NOCT

(xix).
Optimum Operating Cu
NOCT

-""-

(xx).
Open circuit voltage (V
NOCT

(xxi).
Maximum system open
Voltage

(b). PV Array

(i). No. of Arrays

(ii). Modules in a String
_ .

(iii) Total No. of Strings

(iv). Modules in Array
..

(v). Total Modules

(c). PV Capacity

(i). Total Capacity

(ii). Net Capacity Factor

(d). Inverters

(i ). Maximum DC Power In

(ii). Inverter Model
---,---

(iii). Manufacturer
_.,.

(iv). Maximum DC Input Vo

(v). Start Voltage

(vi). Number of Inverters
..

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range

(x). Output electrical syste

rre

...

e at
33.9 V

..
nt at

7.05 A

at
41.9 V

rcuit
1OOOV(IEC)or 1OOOV(UL) or 600V(UL)

12
.

15
...

72
.-

90 Modules

1080

0.3564 MWp DC

18.21 %

0.319 MW (@50°C)

Sunny Tri power 25000TL (25 KW)

SMA Solar Technology, Germany

e DC 1000 V
..

DC 150 V

12

98.3% (Sunny Tri power 25000TL)

.-

DC66A

320 V- 800 V DC (@50°C)
----- ._- -

3-Phase, 4-Wire
..

Itag

oc)
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put

Itag

m



•

(xi). Rated Output Voltage
..-

(xii). Rated Frequency

(xiii). Power Factor
_ ...

(xiv). Power Control

(xv). Environmental Enclos

(xvi) Protection Devices

(e). Junction Boxes

(i) . Number of Junction B

(ii ). Input circuits in each

(iii).
Max. Input current for
circuit

(iv). Max. Input voltage

(v). Power at each box
--

(vi). Protection Level

(vii). Over-Current protecti

-
(viii). Surge protection

142 I ,I it f'

box

.....

AC 230/400 V

50 Hz

1

MPP Tracker (2 MPPT/lnverter)

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

--

(a). DC Disconnect Switch
_.

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection

(e). Over-voltage protection

nits 24

1 box with 3 String inputs and 1 Combined
output

.... _
h

15 A

1000 V

14.85 kWp

IP 65

Fuse

Yes (>1 OOOV)

--

ures

ox u

eac

on



(lx). Purpose of Junction B

(f). Data Collecting Sys

(i) . Weather Data

(ii). System Data

(D). Other Details

(i) . COD of the Project

ox

._

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b).
TotalDC power (kW)

generated by PV array .
._

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

tern

December 23, 2018

(ii).
Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P

12 ~---.----,------,---.---..-----r---r-----,r-----r------'

Incident Irrs:] 0 1000 lN/m'

Cells temp = 25 'C

~
.; 6
~u

4

Incident lrr ae = 200 ,,vim"

Incident lrrac. ~ 300 ~·i/m·

Incid,mt iliad. = "01) '.,vim"

Incident Irrs:j 0 :>00 ',\lim"
2F----------- ~~ ~

10 20 30 40 so
Vo~age [V]
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9. METRO Cash & Carry, Near Safari Park,
Karachi

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Sindh
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Karachi

•
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Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Karachi
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

PV Panels Metro Cash & Carry

Utility Grid

Inverter
PV Plant
Energy
Meter

K·Electric Energy
Meter

Backup Generator
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Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)

6r 6'19.45"
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

l
llT,n:~ I J JB

FU'~ 1 I

~~~ -I DC ~~ eor -rect
A/T'etr;WI ~ "";"~oh

)MCB-1

L~ .

PV AC EJ.ectnc.a. Board

)MCBC2 )MCB-H

......... _. ·-f··-····~······-·········--·--·-··--·--·~-_j

)~inBre ..k.".

I

i

",,,'eo"" "'"'~

1ntef'connectiDn
Disconnect Switch Point of Interconnection

1cn..g~- ''"''''

)M.lin Breaker
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Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof top of METRO Cash & Carry, Near Safari Park,

Karachi for in-house utilization.

(20). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(j). 230V/400V two single circuits individually on two separate bus bars of existing

LT distribution panel of METRO Cash & Carry/Consumer.

(21). Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and METRO Cash & Carry/Consumer shall be communicated to the

Authority in due course of time.
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Detail of Generation Facility/Solar Power Plant

(A). General Information

(i). Name of the Compan

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

-

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation F

Off

-_.
ensee Shams Power (Private) Limited

ice of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

z= Floor, AI-Maalik Building 19-Davis Road
Lahore

METRO Cash & Carry Store, Near Safari
Park, University Road, Gulshan Iqbal,
Karachi

Fixed Tilted Plane

....-

Tilt 20 & Azimuth 900 -900

Solar Photovoltaic (PV)

y/ Lic

acility

(8). Solar Power Generation Technology & Capacity

(i) . Type of Technology

(ii). Type of Cell

(ii). Type of System

(iii).
Installed Capacity of
Generation Facility (

_, ..,.
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the
MW)

Photovoltaic (PV) Cell

..

Polycrystalline

--,.

Grid Tied

..._--

0.4455 MWp DC

_,--



(C). Technical Details of Equipment

_.,.

(a). Solar Panels-PV Mod

(i). Type of Module

(ii). Surface Area of Modul

(iii). Dimension of each Mo

-

(iv)
Total area of roof top fo
Panels-PV Modules

(v). No. of Modules

(vi). Frame of Module

(vii). Weight of one Module
...

(viii). Module Output Warrant

(ix).
Number of Solar Cells I

Module

(x). Efficiency of Module

-'_.

(xi). Environment Protection

(xii). Maximum Power (Pmax)

..

(xiii). Power Tolerance at ST

(xiv). Operating Voltage @ (

(xv). Operating Current @ (P

(xvi). Open circuit voltage (Vo:

(xvii), Short circuit current (Is,,)
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e

....__ .

Polycrystalline PV Type Module

CS6U-330P

1.94432 m2

e 1960 mm x 992 mm x 40mm

alar
2624 m2

..

1350
. '._- _-_._

Anodised Aluminium Alloy

._ ..

22.4 kg

For 1st Year
For 2nd Year to 25"l11

Year

Not more than 0.7%
97.5% or above output reduction each

year

ach
72 Cells

16.97 %

.. .

stem
Encapsulation and sealing arrangements for
protection from environment.

--.

330Wp

0- +5W

x) 37.2 V

) 8.88A

45.6 V

... _

9.45 A

..

ules

dul
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y
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(xviii).
Optimum Operating Vol
NOCT

(xix).
Optimum Operating Cur
NOCT

(xx)
Open circuit voltage (V
NOCT

(xxi).
Maximum system open
Voltage

..

(b). PV Array

(i). No. of Arrays

(ii). Modules in a String

(iii). Total No. of Strings

(iv). Modules in Array

(v). Total Modules

(c). PV Capacity

(i). Total Capacity

(ii). Net Capacity Factor

(d). Inverters

(i). Maximum DC Power In
.,.,..

(ii) Inverter Model

(iii). Manufacturer
_ ..

(iv). Maximum DC Input Vol
.... -

(v). Start Voltage

(vi). Number of Inverters

(vii). Efficiency

(viii). Max. Input Current

(ix). MPP Voltage Range

(x). Output electrical system
...
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e at
33.9 V

nt at
7.05A

at
41.9 V

rcuit
1000V(IEC) or 1000V (UL) or 600V(UL)

..

15

15

90

90 Modules
.

1350

..

0.4455 MWp DC

18.1%

.

0.399 MW (@50°C)

--
Sunny Tri power 25000TL (25 KW)

'_-_._ ..
SMA Solar Technology, Germany

e DC 1000 V

DC 150 V

15
._.,_

98.3% (Sunny Tri power 25000TL)

----

DC66A
--

320 V- 800 V DC (@50°C)

3-Phase, 4-Wire
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(xi). Rated Output Voltage

(xii). Rated Frequency
-_.

(xiii). Power Factor
--

(xiv). Power Control

(xv). Environmental Enclos

---_ ..

(xvi) Protection Devices

(e). Junction Boxes

(i). Number of Junction B

(ii). Input circuits in each

(iii).
Max. Input current for
circuit

(iv). Max. Input voltage

(v). Power at each box

(vi). Protection Level

(vii). Over-Current protecti

(viii). Surge protection

157 I P ;:; g c

ures

AC 230/400 V

50 Hz

1
..-

MPP Tracker (2 MPPT/lnverter)

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

--
(a). DC Disconnect Switch

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection

(e) . Over-voltage protection
.-

its 30

1 box with 3 String inputs and 1 Combined
output

15 A

1000 V
-

14.85 kWp

IP 65

Fuse

Yes (>1000V)

ox un

box

.._.-
each

on



(ix). Purpose of Junction B

(f). Data Collecting Sys

(i). Weather Data

(ii). System Data

ox

tern

(D). Other Details

(i) . COD of the Project

(a). Combining the strings

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)

(b).
Total DC power (kW)

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d) energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

October 14,2018

(ii).
Expected Life of the Project from the
COD 25 Years
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VI Curve of Solar Panel at STC for the Generation
Facility/Solar Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P

12 ---.---....------,~---.--- .......-__r--_r_--r__-....,..-____.
Cells temp ; 25 °C

10
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10. AkzoNobel, Head Office, Lahore

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Pakistan

•

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of the Province of

Punjab

•

•
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Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL on Map of Lahore

•

•
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•

•

Access Road/Link of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL on Map of

Lahore
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•

•

Location of the Generation Facility/Solar Farm/Solar Power
Plant of the Licensee/SPPL
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Process Flow Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

Sun

PV Panels

Inverter
PV Plant
Energy
Meter
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Location Coordinates of the Generation Facility/Solar
Farm/Power Plant of the Licensee/SPPL

Latitude (North) Longitude (East)

31 °28'38,70"

•
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Single Line Diagram of the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

•
)MCB-I

I
L..._...

)MCB..f.I
!

I
) Main Breaker

PV AC Electrical Board I-------------------__ -+- __J

Plant Ent'f[IY fl4etO;f~

I
Interconno;clion J

Disconnect Switch'l Point of Interconnection:/. It lOS2f 8y;;.r IICh.n,_, ,_

)Main Breaker

167 I P d g e

WAPDA LV Grid



Interconnection

Arrangement for Dispersal of Power from the Generation
Facility/Solar Power Plant of Shams Power (Private)

Limited

The power generated from the Generation Facility/Power Plant of Shams Power

(Private) Limited shall be dispersed at roof tops and car parking of AkzoNobel Lahore for in-

house utilization.

(22). The proposed Interconnection Arrangement for dispersal of electric power for the

Generation Facility/Solar Power Plant will be as under:-

(k) 230V/400V single circuit on bus bars of existing LT distribution panel of

AkzoNobellConsumer

(I). If cable lengths exceed the estimated limit, then Parking area will be synced in

Office building and other three locations (Production Hall, FG & New FG Shed

and Area 31) will be combined and synced in main distribution LT panel of

AkzoNobel/Consumer

(23) Any change in the above Interconnection Arrangement duly agreed by Shams Power

(Private) Limited and AkzoNobel/Consumer shall be communicated to the Authority in due

course of time .•
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Detail of Generation Facility/Solar Power Plant

(A). Generallnformation

(i). Name of the Compa

(ii).
Registered/Business
the Company

(iii). Principal Office

(iv). Plants Location

...

(v). Field Type

(vi) Field Parameters

(vii). Type of Generation F

_._

Offi

ensee Shams Power (Private) Limited

ce of 2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

2nd Floor, AI-Maalik Building 19-Davis Road
Lahore

.-

Akzonobel (ICI) Pakistan, 346 Ferozepur
Road, Lahore

Fixed Tilted Plane

Tilt 8° & Azimuth 20°,70°,-110°

Solar Photovoltaic (PV)

--_.-

ny/ Lic

acility

(8). Solar Power Generation Technology & Capacity

(i). Type of Technology

(ii). Type of Cell

..-

(ii). Type of System

(iii).
Installed Capacity of
Generation Facility (
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the
MW)

0.458 MWp DC

Photovoltaic (PV) Cell

Polycrystalline

Grid Tied



(C). Technical Details of Equipment

•

(a). Solar Panels-PV M

(i) . Type of Module

(ii). Surface Area of Mod

(iii). Dimension of each

(iv)
Total area of roof top
for Solar Panels-PV

(v). No. of Modules

(vi). Frame of Module

(vii). Weight of one Modul
-_.,.

(viii). Module Output Warr

(ix).
Number of Solar Cell
Module

--,."

(x). Efficiency of Module

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

(xi). Environment Protecti

(xii). Maximum Power (Pm;

(xiii). Power Tolerance at
_

(xiv). Operating Voltage @

-_'.--

(xv). Operating Current @

(xvi). Open circuit voltage (

--""

(xvii). Short circuit current (
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odules

Module

& Gr
Modul

e

anty

s In e

on Sy

STC

ule

--
Polycrystalline PV Type Module

CS6U-330P

1.94432 rn"

---

1960 mm x 992 mm x 40mm

ound
2698 rn-

es

1388

Anodised 'Aluminium Alloy

--
22.4 kg

For 1st Year For 2na Year to 25m

Year

Not more than 0.7%
97.5% or above output reduction each

year

ach
72 Cells

,_-

16.97 %

_, .. . -_'.__ ----- ." _-_ .".-.._----

stem
Encapsulation and sealing arrangements for
protection from environment.

-_ --
330Wp

0-+5W

x) 37.2V

-"'--"-
) 8.88 A

45.6 V

----

9.45 A



(xviii).
Optimum Operating V
NOCT

(xix).
Optimum Operating C
NOCT

(xx).
Open circuit voltage (
NOCT

(xxi).
Maximum system ope
Voltage

(b). PV Array

(i). No. of Arrays

(ii). Modules in a String

(iii). Total No. of Strings
_.

(iv). Modules in Array

(v) Total Modules

(c). PV Capacity

(i) . Total Capacity

(ii) . Net Capacity Factor

(d). Inverters

(i). Maximum DC Power I

(ii). Inverter Model
... -

(iii). Manufacturer

(iv). Maximum DC Input V
_---

(v). Start Voltage

(vi). Number of Inverters

(vii). Efficiency

(viii). Max. Input Current
-

(ix). MPP Voltage Range

(x) Output electrical syste
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urre

_"",-

e at
33.9 V

nt at
7.05 A

at
41.9 V

rcuit
1000V(IEC) or 1000V (UL) or 600V(UL)

16
-- '.- -_-

15

92
.-

90

1380
...

0.458 MWp DC (0.400 MWp AC)

--
15.95%

-_. '----

_'--
0.411 MW (@50°C)

""-"--
Sunny Tri power 25000TL (25 KW)

SMA Solar Technology, Germany
--

e DC 1000 V

DC 150 V

16

98.3% (Sunny Tri power 25000TL)

---
DC66A

..._
320 V- 800 V DC (@50°C)

3-Phase,4-Wire
.-

oltag
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.-

(xi). Rated Output Voltag

(xii). Rated Frequency
--

(xiii). Power Factor

(xiv). Power Control
-.-

(xv). Environmental Enclo

.-

(xvi) Protection Devices

(e ). DC Side Protection

(i). Number of Fuses/lnv

(ii). Input circuits in each I

(iii).
Max. Input current for
circuit/string

(iv). Max. Input voltage

(v). Power at each MPPT

(vi). Over-Current protecti

(vii). Surge protection

(viii). DC Protection

._-
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e
---

AC 230/400 V

50 Hz

1

MPP Tracker (2 MPPT/lnverter)

Operating Temperature
-250 C to 600 C

Range

Relative Humidity
100% non-
condensing

Protection Class IP65

Audible Noise 51 dB(A)

Operating Elevation <3000m

(a). DC Disconnect Switch
-

(b). Ground Fault Monitoring

(c). Reverse Polarity Protection

(d). Reverse current protection

(e). Over-voltage protection

6

er 6

.-

15 A

-_.
1000 V

14.85 kWp
...

Fuse (SMA Inline Fuses)

- -
Yes (>1OOOV)Integrated DC SPD (SMA)

(a). Reverse Polarity

sures

.. _...

erter

nvert

--
each

on



(f). Data Collecting Syst

(i) . Weather Data

----

(ii ). System Data

(D). Other Details

(i). COD of the Project

em

"----

(b). Short Circuit Protection

(c). DC Surge Protection

Irradiance Meter (Survey
(a). 100/200R)- 1 Set

(to record ambient temp&
radiation level)

DC input voltage (V) &
(a). current (A) of each Inverter

(Phase, Line)
~-.

Total DC power (kW)
(b).

generated by PV array.

AC output voltage(V) and
(c). current (A) of each Inverter

(Phase, Total)

AC output power (kW) and
(d). energy (kWh) of each

Inverter

(e). Frequency (Hz)

(f). Power Factor (PF)

Feb 20,2018

(ii) .
Expected Life of the Project from the
COD 25 Years

173 I P d fO ~ ••



VI Curve of Solar Panel at STC for the Generation Facility/Solar
Farm/Solar Power Plant of the Licensee/SPPL

PV module: Canadian Solar Inc., CS6U - 330P
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Restated SCHEDULE-II (For Existing Facility)

The Total Installed Gross ISO Capacity of the Generation Facility/Power
Plant/Solar Plant (MW), Total Annual Full Load (Hours), Average Sun
Availability, Total Gross Generation of the Generation Facility/Solar
Farm (in kWh), Annual Energy Generation (25 years Equivalent Net

Annual Production-AEP) KWh and Net Capacity Factor of the
Generation Facility/Power Plant/Solar Farm of Licensee is given in this

Schedule.

3 I r:' ;; p; .'



SCHEDULE-II

Existing Generation Facility/Solar Farm/Solar Power Plant

(1).
Total PV Installed
Generation Facility

Average Sun Hour A
(2).

(Irradiation on Incline
-

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total G
years Life Span

(6).
Generation per Ye
keeping 24 Hours W

(7). Net Capacity Factor (

Cap acity of
70 KWp (Inverters' Output)

lity/Day
5.06 Hrs

ace)
. ---,._.,---

365

Capacity
97986 KWh

)

on in 25
2449650 KWh

rom plant
70 x 24 x 365 = 613200 KWh

16.00%

vailabi

d Surf

ating
ulation

enerati

ar
orking

4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.

41Page



Amended SCHEDULE-II (For 10 Proposed Facilities)

The Total Installed Gross ISO Capacity of the Generation Facility/Power
Plant/Solar Plant (MW), Total Annual Full Load (Hours), Average Sun
Availability, Total Gross Generation of the Generation Facility/Solar
Farm (in kWh), Annual Energy Generation (25 years Equivalent Net

Annual Production-AE P) KWh and Net Capacity Factor of the
Generation Facility/Power Plant/Solar Farm of Licensee is given in this

Schedule.



SCHEDULE-II

Proposed 10 Generation Facilities/Solar Farms/Solar Power
Plants

1. METRO Cash & Carry, Islamabad

..

(1 ).
Total PV Installed
Generation Facility

Average Sun Hour
(2).

(Irradiation on Inclin

(3). Days per Year

(4)
PV Plant Gen
Annually (As Per Si

(5).
Expected Total G
years Life Span

(6).
Generation per Y
keeping 24 Hours

(7). Net Capacity Factor

_.

Ca pacity of
0.300 MWp (AC)

lity/Day
5.06 Hrs

ace)

365

._._-- .---

Capacity
428361 KWh

n)

ion in 25
9786401 KWh

from plant
300 x 24 x 365 = 2628000 KWh

- -_._-

16.30%

Availabi

ed Surf

eratinq
mulatio

enerat

ear
Working

(4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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2. METRO Cash & Carry, Thokkar Niaz Baig, Lahore

(1 ).
Total PV Installed
Generation Facility

Average Sun Hour A
(2).

(Irradiation on Incline

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total Ge
years Life Span

(6).
Generation per Ye
keeping 24 Hours Wo

-

(7). Net Capacity Factor (

Ca pacity of
0.350 MWp (AC)

ility/Day
5.06 Hrs

ace)

365

Capacity
474170 KWh

n)

ion in 25
10832961 KWh

..

from plant
350 x 24 x 365 = 3066000 KWh

------

15.46%

vailab

d Surf

atrnq
ulatio

nerat

ar
rkinq

4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase /\greement.
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3. METRO Cash & Carry, Airport Road, DHA, Lahore

._

(1 ).
Total PV Installed
Generation Facility

Average Sun Hour A
(2).

(Irradiation on Incline

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total G
years Life Span

(6).
Generation per Ye
keeping 24 Hours W

(7). Net Capacity Factor (

__

I Note

vail

Capacity of
0.300 MWp (AC)

abilitylDay
5.06 Hrs

urface)

365

ng Capacity
423195 KWh

tion)

-_ ...

ration in 25
9667555 KWh

from plant
300 x 24 x 365 = 2628000 KWh

ng

) 16.10%

dS

ati
ula

ene

ar
orki

4/6

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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4. METRO Cash & Carry, Ravi Road, Lahore

(1) .
Total PV Installed
Generation Facility

Average Sun Hour A
(2).

(Irradiation on Incline

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total Ge
years Life Span

-

(6).
Generation per Ye
keeping 24 Hours Wo

(7). Net Capacity Factor (

Ca pacity of
0.300 MWp (AC)

ility/Day
5.06 Hrs

ace)

365

Capacity
399522 KWh

n)

._--

lion in 25
9127541 KWh

from plant
300 KW x 24 x 365 = 2628000 KWh

15.20%

-

vailab

d Surf

ating
ulatio

nera

ar
rklng

4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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5. METRO Cash & Carry, Model Town, Lahore

(1).
Total PV Installed
Generation Facility

Average Sun Hour Av
(2).

(Irradiation on Incline

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

..

(5).
Expected Total Ge
years Life Span

(6).
Generation per Ye
keeping 24 Hours Wo

(7). Net Capacity Factor (

I Note

d Surf

ating
ulatio

ar
rkmg

4/6)

Ca pacity of
0.225 MWp (AC)

ility/Day
5.06 Hrs

ace)

365

Capacity
309084 KWh

n)

Ion in 25
7061381 KWh

from plant
225 x 24 x 365 = 2190000 KWh

--

15.68%

ailab

nerat

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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6. METRO Cash & Carry, Sargodha Road, Faisalabad

(1).
Total PV Installed
Generation Facility

Average Sun Hour Av
(2).

(Irradiation on Inclined

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total Ge
years Life Span

(6)
Generation per Yea
keeping 24 Hours Wo

(7). Net Capacity Factor (

C apacity of
0.250 MWp (AC)

ility/Day
5.06 Hrs

rface)

365

-

Capacity
348433 KWh

n)

... -

tion in 25
7960354 KWh

from plant
250 x 24 x 365 = 2190000 KWh

15.91 %

ailab

Su

atinq
ulatio

nera

rklng

4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

.' available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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7. METRO Cash & Carry, Manghopir Road, Karachi

(1 ).
Total PV Installed
Generation Facility

Average Sun Hour Avail
(2).

(Irradiation on Inclined

(3). Days per Year

(4).
PV Plant Generati
Annually (As Per Simul

(5).
Expected Total Gen
years Life Span

(6).
Generation per Year
keeping 24 Hours Workl

(7). Net Capacity Factor (41

I Note

era

- --

pacity of
0.200 MWp (AC)

ility/Day
5.10Hrs

ace)

365

Capacity
315797 KWh

n)

tion in 25
7214747 KWh

from plant
200 x 24 x 365 = 1752000 KWh

----- ---

18.02%

-

Ca

ab

Surf

ng
atio

ng

6)

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser far dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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8. METRO Cash & Carry, Near Stargate, Karachi

(1 ).
Total PV Installed
Generation Facility

Average Sun Hour
(2).

(Irradiation on Inclin

(3). Days per Year

(4).
PV Plant Gen
Annually (As Per Si

(5)
Expected Total G
years Life Span

(6).
Generation per Y
keeping 24 Hours

(7). Net Capacity Factor

Ca
--

pacity of
0.300 MWp (AC)

lily/Day
5.10 Hrs

ace)

365

Capacity
478607 KWh)

ion in 25
10934329 KWh

from plant
300 x 24 x 365 = 2628000 KWh

-' ..---~

18.21 %

Availabi

ed Surf

era ling
mulalion

eneral

ear
Working

(4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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9. METRO Cash & Carry, Near Safari Park, Karachi

(1) .
Total PV Installed
Generation Facility

Average Sun Hour Av
(2).

(Irradiation on Incline

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total Ge
years Life Span

(6).
Generation per Ye
keeping 24 Hours Wo

(7). Net Capacity Factor (

Ca pacity of
0.375 MWp (AC)

ility/Day
5.10 Hrs

ace)

365

Capacity
593365 KWh

n)

tion in 25
13556108 KWh

..

from plant
375 x 24 x 365 = 3285000 KWh

18.10%

ailab

d Surf

ating
ulatio

nera

ar
rklng

4/6)

I Note

All the above figures are Indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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10. AkzoNobel, Head Office, Lahore

(1).
Total PV Installed
Generation Facility

Average Sun Hour A
(2).

(Irradiation on Incline

(3). Days per Year

(4).
PV Plant Gener
Annually (As Per Sim

(5).
Expected Total G
years Life Span

(6).
Generation per Ye
keeping 24 Hours W

(7). Net Capacity Factor (

Ca
... -

pacity of
0.400 MWp (AC)

ility/Day
5.06 Hrs

ace)

365

Capacity
559040 KWh

n)

Ion in 25
12771913 KWh

from plant
400 x 24 x 365 = 3504000 KWh

15.95%

vailab

d Surf

ating
ulatio

enerat

ar
orklng

4/6)

I Note

All the above figures are indicative as provided by the Licensee. The Net energy

available to the Power Purchaser for dispatch will be determined through procedures

contained in the Energy Purchase Agreement.
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1.FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT METRO CASH & CARRY STORE 1-

11/4 ISLAMABAD
SHAMS POWER (PVT) LIMITED
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ShamsPower
EXECUTIVE SUMMARY
The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store 1-11/4, Islamabad.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "good" (1,720 kWh/

square meter/ year). Panel azimuth (32,148 degree), panel tilt (2 degrees) and satisfactory roof

condition and structure are also assumed.

Anticipated System Information: The project will accommodate a 300 kW (AC) solar PV system with

a projected annual production of 428,361 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

lbs/sqft. The system will offset approximately 149 tons of carbon dioxide annually .

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 427,680.

Based on the technical and financial analysis, the installation of a 300 kW Solar PV System on the

rooftop of Metro Cash & Carry Store is deemed to be feasible .

9 I ;> ,:< ;.; ,:'



ShamsPower
Introduction
The project site is the rooftop of Metro Cash & Carry Store 1-11/4, Islamabad, Pakistan. Metro Cash

& Carry Store is a single storied commercial building/retail store. The exact coordinates of the

project site are:

Latitude:

Longitude:

33'38'23.66" North

73' 1'30.19" East

A bird's eye view of the project site is given in the figure below:

•

•

F'il)ure .1. Overview of Project Site

10 I F' .i f~ ,:
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 2,675,077

kWh.

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 2,178,000 kWh

• In-house power generation from Diesel Generators is 497,077 kWh

Technical Analysis

Site Conditions
The following tasks were carried out:

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing was calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Selec:
Technology Selection

PV Modules:

S. No Specification
1 Type of Module
2 Type of Cell
3 Dimensions of eac
4 Weight
5 No of Modules _.
6 Module Area_.
7 Total land Area U
8 Module Frame

---
9 Nominal Max. Po-_.-
10 Opt. Operating V
11 Opt. Operating C

12 Open Circuit Volta
13 Short Circuit Curr
14 Module Efficiency
15 Operating Tempe

16 Max. System Volt

h mo

-----
Data .__ ._.

CS6U-330P
--

Polycrystalline
dule 1960*992*40 mm

22.4 Kg
1080
1.94432 m2

. --_._.-

.. _. RoofTop
Anodized aluminum alloy

max) 330W
(Vmp) 37.2 V
(Imp) 8.88 A
...

~c) 45.6 V
c) 9.45 A

16.97%
-

-40°C ~ +85°C

-
1000 V (IEC) or 1000 V (Ul) or 600 V (Ul)

sed

wer (P
oltage
urrent

ge(V
ent (Is

rature

ilge

lllPage
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17 I Module Fire:performance -

PV Array

S. No Specification

1 No of Strings
2 Modules in Strin

PV Capacity

S. No Specification

1 Total Site

2 Net Capacity

Inverters

S. No Specification
1 Manufacturer
2 Capacity of each U
3 No of Inverters
4 MPP Input Voltage
5 Rated Input Voltag
6 Max Input Voltage
7 Total Power (AC)
8 Max Input Current
9 Max Output Curre
10 Output Electrical S
11 AC Nominal Vol!_a!}
12 Rated Power Freq
13 Efficiency
14 Relative Humidity
15 Noise Emission
16 Degree of Protecti

Junction Boxes

S. No Specificatio

1 Number of J
2 Input circuits

n

Factor

I TYPE 1 (UL 1703) or CLASSC (IEC 61730)

g 15

Data

72

Data

356.4 KW Peak
16.3%

______________________ J

nit

---
SMA
25 KW
12

e 390 V to 800 V
600V
1000V
300 KW

. ---
t A/Input B 33A/33A

-- -
36_1 A

..._--
3 Phase AC (4 Wire)
230/400 V
50 Hz
98.3%

Condensing) 100%
51 dB(A)
IP65

Rang
e

Inpu
nt
ystem
e

(Non-

on

Data

/Box units 24-------------------11----------------1
in each box 3

12 I P age
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protection

--
circuit 15A

-----
IP 65

Fuse
__ o. __

>lOOOV

3 Max. input c

--
4 Protection L

5 Over current

6 Surge protec

urrent for each

evel

tion

PV Mounting Structure

•
S. No Specification

--
1 Structure
2 Tilt of Array Fra

Data

- - --

Aluminum
--

2° (In line with shed rooftop)
_ ...

me

Data Collecting System

S. No Specification Data

Continuous on-line logging and
monitoring over web portal

1 System Data

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the

site. PvSyst software is used for simulation and near shading analysis.

Working Conditions: Zero Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar production.

Plant Characteristics
Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control metering and instrumentations.

13IPage
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Design Parameters
The following tasks were carried out for PV lavout and shading.

•

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to reduce inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource

• Module cleaning strategy
• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. The optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 2D view in the following section .

layout
The detailed layout (2D and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PVSyst simulation is also performed as per

following layout:

•

Figure 2: 3D Luyou( of rooftop oj Metro Cash & Carry tstomoboti

14 I P age
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules
• DC/ACcabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device

16 I P il ;~\~
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:

18 I P iJ g f'
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Simulation Parameters

PVSYST V6.40 I Shams Power (Pvt) Ltd. 1 05/061171 Page 115

Grid-Connected System: Simulation parameters

Project: Metro Cash & Carry Store, Islamabad

Geographical Site Metro Islamabad country Pakistan

Situation Latitude 33.63' N Longitude 73.02' E
Time defined as Legal Time Time zone UT +5 Altitude 511 m

Albedo 0.20
Meteo data: Metro Islamabad Meteonorm 7.1 - Synthetic

Simulation variant: metro isb

S"nulalion date 05/06/17 12h47

Simulation parameters

2 orientations Till slAz imulhs 2'1-32' and 2'/148'

Models used rransoosmcn Perez Ditfuse Perez, Meteonorm

Horizon Free Horizon

Near Shadings Accorumo to strings Electrical effect 100 %

PV Arrays Characteristics (2 kinds of array defined)
PV module Si-poly Model CS6U -330P

Custom parameters definition Manufacturer Canadian Solar Inc.
Sub-array "Sub-array 111" Orientation 111 TilVAzirnuth 2'1-32'
Nu mber of PV modules In series 15 modules In parallel 42 strings
Tolal number of PV modules Nb modules 630 Unit Nom. Power 330Wp
Array global power Nominal (STC) 208 kWp At operating condo 186 kWp (50'C)
Array operating characteristics (50'C) U mpp 497 V I mpp 374 A

Sub-array "Sub-array 112" Onentation 112 Tilt/Azimuth 2'/148'
Number of PV modules III series 15 modules In parallel 30 strings
Total number of PV modules Nt) modules 450 Unit Nom. Power 330Wp
Array global power r-JolTllnal(STC) 149 kWp At operating condo 133 kWp (50'C)
Array operating characteristics (SO'C) U rnpp 497 V I rnpp 267 A

Total Arrays global power Nominal (STC) 356 kWp Total 1080 modules
Module area 2100 m' Cell area 1893m'

Inverter Model Sunny Tripower 25000TL.30
Original PVsyst database Manufacturer SMA

Characteristics Operating Vonage 390-800 V Unit Nom. Power 25.0 kWac

Sub-array "Sub-array 111" Nb. of inverters 7 units Total Power 175 kWac
Sub-array "Sub-array #2" Nb of Inverters 5 units Total Power 125 kWac

Total Nb of inverters 12 Total Power 300 kWac

PV Array loss factors

Array Soiling Losses Loss Fraction 2.0%
Thermal Loss factor Uc (const) 20.0 W/m'K Uv (wind) 0.0 W/m'K I mls

Wiring Ohmic Loss Arraylll 29 mOhm Loss Fraction 1.9 % at STC
Arrayll2 31 mOhm Loss Fraction 1.5 % at STC

Global Loss Fraction 1,7 % at STC

19 I ? d g ('
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PVSYST V6.40 I Shams Power (Pvt) Ltd. I 05/06/171 Page 215

Grid-Connected System: Simulation parameters (continued)

LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Incidence effect (lAM): User defined lAM profile

Loss Fraction 2.5 %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

I 10' I 20' I 30 I '0 I 50· I 60' I 70' I 80' I 90' I
I 0.998 I 0.998 I 0 99:, ! :: ,,92 I 0986 I 0.970 I 0.917 I 0763 I 0.000 I

System loss factors
Wiring Ohmic Loss

Unavailability or the system

WilTS 3x500.0 rnm' 367 m

34 0 days. 4 periods

Loss Fraction 3.0 % at STC

Time fraction 9.3 %

User's needs : Ulllrrl1itolilomt (grid)

20 I P d g e
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ShamsPower
Near Shading Definition

PVSYST V6.40 Shams Power (Pvt) Ltd.

Grid-Connected System: Near shading definition

Project:

Simulation variant:

Metro Cash & Carry Store, Islamabad

metro isb

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
users needs

Syslem Iype Grid-Connected

Electrical effect
TilVAzimuth = 2'1-32' and 2'/148'
CS6U - 330P Pnom
1080 Pnom total
Sunny Tnpower 25000TL-30
12.0 Pnom total

ACCOlCllll(j to strings
2 orientations

Model
Nb of modules

Model
Nb. of units

Untirmteo load (grid)

100 %

330Wp
356 kWp
25.00 kWac
300 kW ac

Perspective of the PV-field and surrounding shading scene

Iso-shadinqs diagram
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ShamsPower

PVSYST V6.40 1 Shams Power (Pvt) Ltd. 105/06/171 Page 515

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Metro Cash & Carry Store, Islamabad

metro isb

Main system parameters

Near Shadings
PV Field Orientation
Pv modules
PVArray
Inverter
Inverter pack
user's needs

Syslem Iype Grid-Connected

AC:COICiillq 10 strings
2 onentations

Model
Nil of modules

Model
NI). of units

Ulilinllie<i load (grid)

Electrical ettect 100 %
Till/Azimuth = 2"/-32" and 2"/148"
CS6U - 330P Pnom
1080 Pnom total
Sunny Tripower 2S000TL-30
12.0 Pnom Iota I

330Wp
356 kWp
25.00 kWac
300 kW ac

Loss diagram over the whole year

l~' coil

Horizontal global irradiation
'0.3% Global Incident In coil. plane

,-0.6% Near Shadings: irradiance loss

. -2 6% lAM lactor on global

-2,0% Soilmg loss faclor

Effective irradiance on collectors

PV conversionefuc....~n(',· 3~S . 1,'_',94';>,.

:-,21r r,1:'/;;11 Array nominal energy [at STC effic.]
. -0.6% PV Joss due to irradiance level

." 0 1(x, PV loss due to temperature

4847

'. ·0,3% Shadings: Electrical Loss ace, 10 strings

-2.0% Modul. quality loss

·2.5"kl LID· Light induced degradation

... ·1.0% MCKluiearray nusrnatch loss

Ohmic wiring loss

Array vlrtual energy ill MPP

-:::,3%
O.O('J(~

0.0%
0.0%

-0.0%

Inverter loss during cperaucn (efficiency)

Inverter Loss over nominal in". power
Inverter Loss due to power threshold

Inverter toss over norntnatmv. voltage
Inverter Loss due to voltape Ihre&hold

Available Energy atlnverter Output

-8.3% System unavailability

AC ohmic loss

Energy injected into grid
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ShamsPower

PVSYST V6.40 Shams Power (Pvt) Ltd.

Grid-Connected System: Main results

Project:

Simulation variant:

Metro Cash & Carry Store, Islamabad

metro isb

100 %

System type Grid-ConnectedMain system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
lnverter pacs
Users needs

According to strings
2 orientations

Model
No. ot modules

Model
Nb. of units

Unlimueo load (grid)

Electrical effect
TilVAzimuth = 2'1-32' and 2'/148'
CS6U - 330P Pnom
1080 Pnom total
Sunny Tripower 25000TL-30
12.0 Pnom total

330 Wp
356 kWp
25 00 kWac
300 kW at

Main simulation results
System Production Produced Energy

Performance Ratio PR

Normalized prcductlcne (per Insulled kWp) Nominal power 356 kWp

1.e~'Of'I~IP'\J·Aff'3'>O!An'
~li SVlle""L.:.ft{l~"
.. P .. ""'COHl ...... '.r .." .. Q1

428.4 MWhlyear
69.68 %

Specific prod.

Pertormance Ratio PR

menorsb
aatances and main resuns

EArn,. E_Gr'd .R
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40,$& 3g 1~ 07?'jI

<16,50 44~ (l;~
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5O,~ 4815 0736
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Shams Power
Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 356.4 KWp (DC) Solar PV System: USD 427,680

Equity: 100%

Debt: 0%
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development

Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training

25 I P age
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Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages in comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets

26 I P ;; g "
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 300kW rooftop PV system installation at Metro Cash & Carry 1-11/4, Islamabad.

Installation of the PV system will result In annual power generation of 428,361 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.
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2. FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT METRO CASH & CARRY STORE

THOKAR NIAZ BAIG LAHORE

SHAMS POWER (PVT) LIMITED
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store Thokar Niaz Baig, Lahore.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "good" (1,719 kWh/

square meter/ year). Panel azimuth (33 degree), panel tilt (2 degrees) and satisfactory roof condition

and structure are also assumed.

Anticipated System Information: The project will accommodate a 350 kW (AC) solar PV system with

a projected annual production of 474,170 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

Ibs/sqft. The system will offset approximately 166 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 465,696.

Based on the technical and financial analysis, the installation of a 350 kW Solar PV System on the

rooftop of Metro Cash & Carry Store Thokar Niaz Baig Store is deemed to be feasible.
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Introduction
The project site is the rooftop of Metro Cash & Carry Store Thokar Niaz Baig, Lahore. Pakistan. Metro

Cash & Carry Store is a 2 storied commercial building/retail store and Head Office of Metro Cash &

Carry Pakistan. The exact coordinates of the project site are:

Latitude:

Longitude:

31"28'1.18" North

74°14'5.30" East

A bird's eye view of the project site is given in the figure below:

5: Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 3,295,264

kWh.

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 2,510,140 kWh

• In-house power generation from Diesel Generators is 785,124 kWh
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Technical Analysis

Site Conditions
The following tasks were carried out:

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available
area, tilt angle and appropriate spacing was calculated from near shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and
Technology Selection

PV Modules:

S. No Specification
1 Type of Module
2 Type of Cell

---
3 Dimensions of ea
4 Weight
5 No of Modules
6 Module Area
7 Total land Area U
8 Module Frame
9 Nominal Max. Po
10 Opt. Operating V
11 Opt. Operating C
12 Open Circuit Volt
13 Short Circuit Curr
14 Module Efficiency
15 Operating Tempe

._.

16 Max. System Volt
17 Module Fire Perfo

sed

Data
_.,-_.

CS6U-330P
Polycrystalline

dule 1960*992*40 mm
22.4 Kg
1176
1.94432 m2

RoofTop
Anodized aluminum alloy

max) 330W
'(Vmp) 37.2 V

(ImpL 8.88 A
oc) 45.6V

._-- ---
c) 9.45 A

16.97%
-40°C N +85°C

1000 V (lEe) or 1000 V (Ul) or 600 V (Ul)
ce TYPE 1 (Ul 1703) or CLASSC (IEC 61730)

... -
ch mo

wer (P
oltage
urrent
age (V
ent (Is

rature

age
rman

PV Array

S. No Specificatio

1 No of Strings
2 Modules in String

-l·~;~ta~_~~_.---n
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PV Capacity

S. No Specification

1 Total Site

2 Net Capacity F

Inverters

S. No Specification
1 Manufacturer
2 Capacity of each
3 No of Inverters
4 MPP Input Volta_g
5 Rated Input Vo~ta
6 Max Input Vol tag
7 Total Power (AC)
8 Max Input Curren
9 Max Output Curr
10 Output Electrical
11 AC Nominal Volta
12 Rated Power Freq

13 Efficiency
14 Relative Humidity
15 Noise Emission
16 Degree of Protect

Junction Boxes

S. No Specification

1 Number of J/Box
2 Input circuits in e

3 Max. input curren

4 Protection Level

5 Over current prot

6 Surge protection

PV Mounting Structure
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S. No Specification

1 Structure
2 Tilt of Array Fra

I Data

~~uminum
me

Data Collecting System

SpecificationS.No Data

1 System Data Continuous on-line logging and
monitoring over web portal

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the

site. PvSyst software is used for simulation and near shading analysis.

Working Conditions

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar production in case of Load shedding.

Plant Characteristics
Generation Voltage: 230J400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz ic;
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control metering and instrumentations.

Design Parameters

The following tasks were carried out for PV layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to reduce inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource
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• Module cleaning strategy

• Simulating the annual energy losses associated with various configurations of tilt angle,
orientation and row spacing. The optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 30 and 20 view in the following section.

layout
The detailed layout (20 and 30) of the solar panels is given below, PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

I

~ .........• ;J,~r'
".,"

Figure 6: 3D Layout otrooitop of Metro Cosh & Carry Thokar Niaz Baig
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o
oo
oo

I ODD
Figure 7: 20 Layout of rooftop of Metro Cash & Carry Thokor Nioz Boig showing 5010r panel locations

Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches

• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

I

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device

36 I P age



•

•

37 I P a g (;;

t:urQ4' 1DC O:k';:~O!'H,~r,l
l"nGtM 1.'~Qh

I
)MCB-1
I

PV AC Electrical Board

_IS

ShamsPower

I
)MCB-2 )MCB-Hf----- J
) Main Br....ker

Interconnection J
uis connect S"mCh'! POint of Interconnection

./j '~B~

i

p •• " ,~"" ... ~~

i

r
Chent Load

WAPOA LV Grid

Single Line Diagram af PV Plant



ShamsPower

Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications ofthe plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below .• Details of the simulation steps are presented in the following sections:

'.
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Simulation Parameters

130105/171 Page 1/5PVSYST V6.40 I
Grid-Connected System: Simulation parameters

Meteo data

Metro Cash & Carry, Thokar Niaz Baig, Lahore
Metro Cash & Carry, Thokar Niaz Baig. Lahore

Latitude 31.45' N
Legal Time Time zone UT+5

Albedo 0.20
Metro Cash & Carry, Thokar Niaz Baig, Lahore Meteonorm 7.1- Synthetic

Project:
Geographical Site Country Pakistan

Situation
Time defined as

Longitude 74.23' E
Altitude 209 m

~-----------------------------
Simulation variant: metro 2-33 330cs

~;lInulation date 30105/17 13h32

Simulation parameters• 2 orientations Tills/Azimuths 2'/-33' and 2'/147'

Models used Transposition Perez Diffuse Perez. Meteonorm

Horizon Free Horizon

Near Shadings Acconiinq to strings Electrical effect 100 %

PV Arrays Characteristics (3 kinds of array defined)
PV module SI-poly Model CS6U - 330P

Custom parameters definition Manufacturer Canadian Solar Inc.
sub-array "Sub-array #1" 01 ie 11tauon #1 TiitJAzimuth 2'/-33'
Number of PV modules ln series 14 modules In parallel 66 strings
Total number of PV modules Nil. modules 924 Unit Nom. Power 330Wp
Array global power Nomlll,,1 (STC) 30S kWp At operating condo 273 kWp (50'C)
Array operating characteristics (50"C) U mpp 464 V I mpp 588 A

Sub-.array "Sub-.array #2" Orientation #2 Tilt/Azunuth 2'/147"
Number of PV modules In series 14 modules In parallel 12 strings
Total number of PV modules Ntl. modules 168 Unit Nom. Power 330Wp
Array global power Nominal (STC) 5S.4 kWp At operating condo 49.7 kWp (50°G)
Array operating characteristics (50'C) U mpp 464 V I mpp 107 A

sub-array "Sub-array #3" Mixed orient. #1/2: 313 strings TiltJAzimuth 2'/-33',2'/141'
Number of PV modules In series 14 modules In parallel 6 stlings
Total number of PV modules Ntl modules 84 UnH Nom. Power 330Wp
Array global power Nominal (STC) 27.72 kWp At operating condo 24.83 kWp (50'C)
Array operating characteristics (50'G) U mpp 464 V I mpp 53 A

Total Arrays global power NomInal (STC) 388 kWp Total 1176 modules• Module area 2287 m' Cell area 2061 m'

Inverter Model Sunny Tripower 2S000TL-30
Original PVsyst database Manufacturer SMA

cnaractensucs Opel Btllli} Voltage 390-800 V Unit NOIll. Power 25.0 kWac

Sub-.array "Sub-array #1" Nt) of inverters 11 units Total Power 275 kWac
sub-arrav "Sub-array #2" Nb of inverters 2 units Total Power 50 kWac
Sub-.array "Sub-.array #3" r~b ut inverters 1 units Total Power 25 kWac

Total Nb of "welters 14 Total Power 350 kWac

PV Array loss factors
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PVSYST V6.40 I -130105/171 Page 2/5
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Grid-Connected System: Simulation parameters (continued)

Array Soiling Losses
Thermal Loss factor

Wiring Ohmic Loss

LID - Light Induced Degradation
Module Quality Loss
Module Mismatch losses
incidence effect (lAM)' User defined lAM I)luill ..

Uc (consi)

Array#1
Array#2
Array#3

Global

29.0 W/rri'K
10 mOhm
29 mOhm
29 monrn

loss Fraction 3.0 %
Uv (wind) 0.0 W/rn'K I m/s

Loss Fraction 1.1 % at STC
loss Fraction 0,6 % at STC
loss Fraction 0.3 % at STC
Loss Fraction 0.9 % at STC
loss Fraction 2.5%
Loss Fraction 2.0%
loss Fraction 1.0 % at MPP

I 'a· I
1 0.998 1

~O" I
0.998 1

~ I ~ I ~ I w r ~ 1 w I ~ I
0.9," I--~-.~-"~-)--t--1-0--98-6-+-1-0-.9-70-,~1--0-.9-'7--t---I-o-.7-6-3-l-I-o-.ooo--l1

System loss factors

Unavailability of the system

User's needs:

'.

Wiles 3x300.0 mrrr' 203 m

34 0 (lays, 4 periods

Uniliwieci load (grid)

loss Fraction 3.0 % at STC

Time fraction 9,3 %
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PVSYST V6.40

Project:

Simulation variant:

Grid-Connected System: Near shading definition

Metro Cash & Carry, Thokar Niaz Baig, Lahore

metro 2-33 330cs

Main system parameters

Near Shadings
PV Field Orientation
PVmodules
PV Array
Inverter
Inverter pack
User's needs

Syslem Iype Grid-Connected

According to strings
2 orientations

Model
Nb of modules

Model
Nb. Of units

Unlirruted load (grid)

Electrical effect
TilVAzimuth = 2"1_33" and 2"/147'
CS6U - 330P Pnorn
1176 Pnorn total
Sunny Tripower 25000TL·30
14.0 Pnom total

100 %

330Wp
388 kWp
25,00 kWac
350 kW ae

• Perspective of the PV-field and surrounding shading scene

•
lso-shadinqs diagram
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Losses
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PVSYST V6.40 1 130105/171 Page 5/5

Grid-Connected System: Loss diagram

Project: Metro Cash & Carry, Thokar Niaz Baig, Lahore

Simulation variant: metro 2-33 330cs

Main system parameters Syslemlype Grid-Connected

Near Shadings to strings Electrical enect 100 %
PV Field Orientation ouentations TilVAzimuth = 2'1-33' and 2'/14r
PVmodules Model CS6U - 330P Pnom 330Wp
PV Array NtJ of modules 1176 Pnom total 388 kWp
hive/tel' Model Sunny Tripower 25000TL-30 25.00 kWac
Inverter pack Nb. of units 14.0 Pnomtotal 350 kWac
User's needs Unlnnlteri load (grid)

Loss diagram over the whole year

Horizontal global irradiation
'0.8% Global inc.ldent in coil. plane

·0.9% Near Shadings: nrartiance loss

. -2.6% lAMfactoronglobal

·30% Soiling loss racier

16~2 Effective irradiance on collectors

efficiency 1'-') 94"'( PV cooverston, ....
Array nominal energy (at STC effic.]

·07% PV loss due to irracnance leva I

·76% PV loss due to Iernperalure

-01% Shadings Electrical Loss acc to strings

·2.0% Module quality loss

·'25% LI 0 . Ught induced degradation

., 0% Module array mrsmatch tess

·0.6% OhmIC wIfing loss
00% Mixed onentation rrnsmatch lOSS

5,Q Array virtual energy at MPP

·24% Inverter Loss dunng operation (ettctency}

O,O(){, Inverter Loss over ncminatmv. power

OOIlA, Inverter Loss dLle to power threshold

0,0% Inverter Loss over nominal inv. voltage

00% Inverter Loss due to voltage threshold

5:2~~ fyr.:V!" Available Energy al Inverter Output

·92'\{) System unavaitabllity

-14% AC ohmic loss

·17·1 Energy injected info grid
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Simulation Results
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PVSYSTV640

Electrical effect
Tilt/Azimuth = 2'/-33' and 2'/147'
CS6U - 330P Pnom
1176 Pnom total
Sunny Tripower 2S000TL-30
14.0 Pnom total

Grid-Connected System: Main results

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
users needs

According to strings
2 orientations

Model
Nb ot modules

Model
MJ. of units

Unlrrnrted load (grid)

Project:

Simulation variant:

Metro Cash & Carry, Thokar Niaz Baig, Lahore

metro 2-33 330cs

System type Grid-Connected

100 %

330 wp
388 kWp
25.00 kWae
350 kW ac

Main simulation results
System Production Produced Energy

Performance Ratio PR
474.2 MWh/year
70.48 %

1222 kWh/kWp/yearSpecific prod.

Normalized procucttcne (per Installed kWp): Nominal power 388 kWp Performance Ratio PR

metro 2-33 330cs

Bctances and main results

GIObEN EA"", E....Grid ••
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1'!I;,'.:! 5714 !').1M 0744

l'i'€7 ~7 71 ~,5 41 0,750
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 388.08 KWp (DC) Solar PV System: USD 465,696

Equity: 100%

Debt: 0%

•

•
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development
Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System.The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i, Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training
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Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages in comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their mai n advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 350kW rooftop PV system installation at Metro Cash & Carry Thokar Niaz Baig, Lahore.

Installation of the PV system will result in annual power generation of 474,170 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.

,
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3. FEASIBILITY STUDY FOR ROOFTOP SOLAR

INSTALLATION AT METRO CASH & CARRY STORE NEAR
DHA AIRPORT LAHORE

SHAMS POWER (PVT) LIMITED
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store Airport Road, Lahore.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "good" (1,719 kWh/

square meter/ year). Panel azimuth (35 & 145 degree), panel tilt (2 degrees) and satisfactory roof

condition and structure are also assumed.

Anticipated System Information: The project will accommodate a 300 kW (AC) solar PV system with

a projected annual production of 423195 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

lbs/sqft. The system will offset approximately 147 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 427,680.

Based on the technical and financial analysis, the installation of a 300kW Solar PV System on the

rooftop of Metro Cash & Carry Store Airport Road is deemed to be feasible .

•
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Introduction
The project site is the rooftop of Metro Cash & Carry Store Airport Road, Lahore. Pakistan. Metro

Cash & Carry Store is a single storied commercial building/retail store. The exact coordinates of the

project site are:

Latitude:

Longitude:

31030'5.44" North

74025'8.80" East

A bird's eye view of the project site is given in the figure below:

Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 2,363,637

kWh.

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 1,799,280 kWh

• In-house power generation from Diesel Generators is 564,357 kWh

•

•

51 I P d g e



Technical Analysis

Site Conditions
The following tasks were carried out:

ShamsPower

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing was calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and
Technology Selection• PV Modules:

•

S. No Specification
1 Type of Module
2 Type of Cell
3 Dimensions of ca

._._.

4 Weight
5 No of Modules
6 Module Area
7 Total Land Area U
8 Module Frame
9 Nominal Max. Po
10 Opt. Operating\i
11 Opt. Operating~_
12 Open Circuit Volt
13 Short Circuit Curr
14 Module Efficiency
15 Operating Tempe

16 Max. System Volt
17 Module Fire Perf

PV Array

S. No Specification

1 No of Strings
--

2 Modules in Strin

---,.
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PV Capacity

S. No Specification

1 Total Site _ ..

2 Net Capacity Fa

Inverters

-
S. No Specification

1 Manufacturer
2 Capacity_~feach U
3 No of Inverters

.-

4 MPP Input Voltage
5 Rated Input Voltag
6 Max Input Voltage
7 Total Power (AC)
8 Max Input C~rrent
9 Max Output Curre
10 Output Elec!rical S
11 AC Nominal Voltag
12 Rated Power Freq
13 Efficiency
14 Relative Humidity (
15 Noise Emission

.._- -

16 Degree of Protecti

Junction Boxes

• S. No Specification

-_ ...,.

1 Number of J/Box u
2 Input circuits in ca

-- --

3 Max. input current

._'._--
4 Protection Level

5 Over current prote

6 Surge protection
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PV Mounting Structure

f-
S. No Specification

1 Structure
2 Tilt of Array Fr

I D."
~:"mm"m

ame

Data Collecting System

S. No Specification
...._---------,---._------------,

Data

Continuous on-line logging and
monitoring over web portal

1 System Data

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the
site. PvSyst software is used for simulation and near shading analysis.

Working Conditions: Zero Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar production.

Plant Characteristics
Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control metering and instrumentations.

Design Parameters
The following tasks were carried out for PV layout and shading.

• Assessment of shading (horizon and nearby building)
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• Outline layout of area suitable for PV development

• Designing row spacing to reduce inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource

• Module cleaning strategy
• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. The optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 2D view in the following section.

Layout
The detailed layout (2D and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

Figure 10: 3D Layout rooitop 0/ Metro Cash & Carry Airport Road
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a Figure 11: 20 Layout oj rooiioc o! Mer to Cosh & Carry Airport Road showing solar panel locations
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below .• Details of the simulation steps are presented in the following sections:
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PVSYST V6.40 1 103/06/171 Page 1/5

Grid-Connected System: Simulation parameters

Project:

Geographical Site

Situation
Time defined as

Metro Cash & Carry, Near Airport, Lahore

Metro CC airport

Meteo data:

Latitude
Legal Time

Albedo

31.50" N
Time zone UT+5
0.20

Country Pakistan

Longitude
Altitude

74.42" E
212 rn

Simulation variant:

Metro CC airport Meteonorm 7.1 - Synthetic

metro airport 330cs Ii

Simulation date 03/06/17 14h48

Sim ulation parameters

2 orientations

Models used

Horizon

Near Shadings

Tills/Azimuths 2"/35' and 2"1-145'

Transposition Perez

Free Horizon

Accordinq to slrings

PV Arrays Characteristics (2 kinds of array defined)
PV module SI-plll,! Model CS6U - 330P

Custom parameters detinition
Sub-array "Sub-array #1"
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (SO"C)

Sub-array "sub-array #2"
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50"C)

Total Arrays globat power

Inverter
Original PVsyst database

Characteristics

Sub-array "Sub-array #1"
Sub-a rray "Sub-array #2"

Total

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

\lIMing Ohmic Loss

Diffuse Perez. Meleonorm

Electrical effect 100 %

In series 15 modules
Nb. modules 810

Nominal (STC) 267 kWp
U rnpp 497 V

Orientation #2
In series 15 modules

Nb. modules 270
Nominal (STC) 89.1 kWp

U rnpp 497 V

Nominal (STC) 356 kWp
Module area 2100 m'

M"llufacturer Canadian Solar Inc.
Orientation #1 Tilt/Azimuth 2"/35"

In parallel 54 strings
Unit Nom. Power 330 \I\Ip

At operating condo 239 k\l\lp (50"C)
I rnpp 481 A

Tilt/Azimuth 2"1-145'
In parallel 18 strings

Unit Nom. Power 330 \I\Ip
At operating condo 79.8 kWp (SO"C)

l rnpp 160A

Total 1080 modules
Cell area 1893 m'

Model Sunny Tripower 25000TL-30
Mafilifacturer SMA

Opl'Iatlll<J Voltage 390-800 V Unit Nom. Power 25.0 kWac

f-!D. of inverters 9 units
r·'b of inverters 3 units

Nti. of inverters 12

Total Power 225 kWac
Total Power 75 kWac

Total Power 300 kWac

Loss Fraction 3.0%
Uc (canst) 20.0 vuee« U\/(wind) 0.0 W/m'K fInis

Array#1 ts mohm Loss Fraction 1.1 %atSTC
Array#2 52 monm Loss Fraction 1.5 % at STC

Global Loss Fraction 1.2 % at STC
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PVSYST V6.40 1 103/06/171 Page 215

Grid-Connected System: Simulation parameters (continued)

LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Incidence effect (lAM)' User defined lAM 1",,111('

10' 20"

Loss Fraction 2.5 %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

-1,(""
I 50- 60" 70' 80' 90'
I

o'.n" ":J ::,<;j::_' 0.986 0.970 0.917 0.763 0.0000.998 0998

System loss factors
Wiring Ohmic Loss

Unavailability of the system

Wires 3x500.0 mm' 367 m

34.0 days. 4 periods

Loss Fraction 3.0 % at STC

Time fraction 9.3 %

User's needs: Ullltrllllcli load (grid)
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PVSYST V6.40

Project:

Simulation variant:

Grid-Connected System: Near shading definition

Metro Cash & Carry, Near Airport, Lahore

metro airport 330cs Ii

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

System type Grid-Connected

According to strings
2 oriemations

Model
Ntl of modules

Model
~jlJ of units

U"lun'teti load (grid)
~----------------------

Electrical effect
TilVAzimuth = 2'/35' and 2'/-145'
CS6U - 330P Pnom
1080 Pnom total
Sunny Tripower 25000TL-30
12.0 Pnom totat

Perspeclive of tile PV-field and surrounding shading scene

100%

330 Wp
356 kWp
25.00 kWac
300 kW ae

Iso-shadings diagram
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Losses

i
(
,

Energy injected into grid

PVSYST V6.40 I 103/06/17Jpage 515

Grid-Connected System: Loss diagram

Project:

Simulation variant:

Metro Cash & Carry, Near Airport, Lahore

metro airport 330cs Ii

Main system parameters

NearShadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

System type Grid-Connected

According to strings
2 orientations

Model
Nt) of modules

Model
Nt). of units

UnllfTIlted 108el (grid)
~------------------------- ------------~--------------------------_,

Electrical effect
TilUAzimuth = 2'/35' and 2'1-145'
CS6U - 330P Pnom
1080 Pnom total
Sunny Tripower 25000TL-30
12.0 Pnom total

100 %

330 Wp
356 kWp
25.00 kWac
300 kW ae

Loss diagram over the whole year

'06%
Horizontal global irradiation
Global lncldent In con. plane

, -0.8' ..

~-.26%

.:-30%

Near Shadings: irradiance loss

rAM factor on global

Soiling loss factor

Erfective Irrediance on collectors

efficiE'ncy et c:TC :- I G 94<;.\;_-_ _._ .
PV ccnverson

Array nominal energy (at STC effie,)
-0,7% PV loss due to lrradiance level

I

I ·10.:3% PV loss due to temperature

-2.5%

Shadings. Etectncal Loss ace to strings

Mcoute quality loss

UD - light induced cecracaton

MOdule array m.smatcn loss

Ohmic wiring loss

Array virtual energy at MPP
-0.7%

·2.3%
OO(!,f,

00%
'00%
OQ'"!')

inverter Loss dunng operation (efllciel)cy)

Inverter loss: ov-er nominal sw power

Inceuer Loss due to power threshold
Inverter Loss over nominal inv. voltage

Inverter Loss due to vouaqe threshold

Available Energy at Inverter Output

8.8% System unavaitability

AC ohrmc loss13%
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Simulation Results

PVSYST V6.40

Grid-Connected System: Main results

Project:

Simulation variant:

Metro Cash & Carry, Near Airport, Lahore

metro airport 330cs Ii

Syslem type Grid-ConnectedMain system parameters

Near Shadings
PV Field Orientation
PV moouies
PV Array
inverter
Inverter pack
Users needs

100 %Acea/,IInQ to strings
2 orientations

Model
Nb. of modules

Model
Nb. of units

Untimited load (grid)

Electrical effect
Tnt/Azimuth = 2'/35' and 2°1-145'
CS6U - 330P Pnom
1080 Pnom total
Sunny Tripower 25000TL-30
12.0 Pnom total

330 Wp
356 kWp
25.00 kWac
300 kW ac

Main simulation results
System Production Produced Energy

Pertorrnance Ratio PR
423.2 MWhlyear
68.63 %

Specific prod. 1187 kWh/kWp/year

Normallud productions (per Installed kWp): Norrunal POWCr :::156kWp Pertcrmance Ratio PR

u:: CJ~lMoO'P\I'¥1~)'IO~<ri'

L,-S.,._L.- (~ e-. ,; i!~!.~'tll""·,r;-:~".
vf p""",_ u........""'II~ (;.....10. ,~I"AJ',-:I ~,~\'),.",~ •. '

metro airport 330<:5 II

antances and main results

G:OIJ'101 c.rmc T Arlit) GIOOinc GlooErf EAr~V e,Grid ..
: .. ',. ;(~"'~\.inl· k\'Ii'hMt' """

JaI'lIJ~ry ~ : :.\h f<;i .. (:142 :"700 1,1~ 0",,"
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 356.4 KWp (DC) Solar PV System: USD 427,680

Equity: 100%

Debt: 0%

•
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be availa ble for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development
Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

RooftopSolar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training
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Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages In comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoi nt, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 300kW rooftop PV system installation at Metro Cash & Carry Airport Road, Lahore.

Installation of the PV system will result in annual power generation of 423,195 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.
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4. FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT METRO CASH & CARRY STORE, RAVI

ROAD, LAHORE

SHAMS POWER (PVT) LIMITED
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store, Ravi Road, Lahore.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potentia I, solar insolation is assumed to be "good" (1,719 kWh/

square meter/ year). Panel azimuth (-38 degree), panel tilt (3 degrees) and satisfactory roof

condition and structure are also assumed.

• Anticipated System Information: The project will accommodate a 300 kW (AC) solar PV system with

a projected annual production of 399,522 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36 Ibs/SF.

The system will offset approximately 140 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 399,168.

Based on the technical and financial analysis, the installation of a 300kW Solar PV System on the

rooftop of Metro Cash & Carry Store f~avi Road is deemed to be feasible.
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Introduction
The project site is the rooftop of Metro Cash & Carry Store, Ravi Road, Lahore, Pakistan. Metro Cash

& Carry Store is a 2 storied commercial building/retail store. The exact coordinates of the project site

are:

Latitude:

Longitude:

31 °35'48.92" North

74°17'53.48" East

A bird's eye view of the project site is given in the figure below:

•

FU)IIie 73' Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 2,227,334

kWh,

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 1,694,730 kWh

• In-house power generation from Diesel Generators is 532,604 kWh
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Technical Analysis

Site Conditions
The following tasks were carried out:

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing was calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Selection

Technology Selection

PV Modules:

S.No Specification
1 Type of Module
2 Type of Cell
3 Dimensions of ea

..

4 Weight
5 No of Modules
6 Module Area
7 Total Land Area U

8 Module Frame
9 Nominal Max. Po.. _ ..

10 Opt. Operating V
11 Opt. Operating C
12 Open Circuit Volt
13 Short Circuit Curr
14 Module Efficienc,_. __ ..

15 Operating Tempe

-.-

16 Max. System Volt
17 Module Fire Perf

sed

Data_.

CS6U-330P-_ •.. _

--,--,_., ....
Polycrystalline ..__ .,.-

odule 1960*992*40 mm---",_
22.4 Kg
1008..-
1.94432 m2

.-

---'
RoofTop
Anodized aluminum alloy

Pmax) 330W
ge (Vmp) 37.2 V
int (Imp) 8.88 A
(Voc) 45.6 V
(Isc) 9.45 A

16.97%
.. _."--,_,-,,,_,_-

re -40°C ~ +85°C

---"

1000 V (IEC) or 1000 V (UL) or 600 V (UL)
ance TYPE 1 (UL 1703) or CLASSC (IEC 61730)

--.-~-.-

ch m

wer
olta
urrc
ilgC

ent

y

ratu

age
orm

PV Array

S. No Specification

-_.
1 No of Strings _.

2 Modules in Stri

-_ ...

ng
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PV Capacity

S. No Specification

1 Total Site

2 Net Capacity Fa

Inverters

t
1
e

S. No Specification
1 Manufacturer
2 Capacity of each
3 No of Inverters._-
4 MPP Input Volta
5 Rated Input Volt

-
6 Max Input Volta
7 Total Power
8 Max Input Curro
9 Max Output C_urr
10 Output Electrical
11 AC Nominal Volt
12 Rated Power Frc

---
13 Efficiency

---

14 Relative Humidit
15 Noise Emission
16 Degree of Protec

Junction Boxes

--

S. No Specification

1 Number of J/Box
2 Input circuits in e

3 Max. input curre

-
4 Protection Level

--

S Over current pro

---
6 Surge protection

._ ..•.

PV Mounting Structure
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ctor

Data

332.64 KW Peak
15.20%

--._- -.--

Unit

--

---
SMA-----
25 KW
12-_ .._

e 390 V to 800 V.,.__ ._-
600V
1000V-_
300 KW

t A/Input B 33A/33A
36.1 A
3 Phase AC (4 Wire)
230/400 V
50 Hz

--
98.3%

Condensing) 100%
51 dB(A)
IP65

---

ge Hang
age
ge

nt Inpu
ent
System

age
quency

y (Non-

tion

--
Data

....._--,_
24--_ ...

x 3

ach circuit 15A

IP 65

Fuse

---
>1000V

---

units
ach bo

nt for e

tection
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5. No Specification

1 Structure .--
2 Tilt of Array Fra

.-

me

Data Collecting System

Specificati 0 n5. No Data

Continuous on-line logging and
monitoring over web portal

1 System Data

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the site. PvSyst
software is used for simulation and near shading analysis.

Working Conditions: Zero Grid Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar prod uction.

Plant Characteristics
Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control metering and instrumentations.

Design Parameters

The followi ng tasks were carried out tor PV layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to reduce inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource
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• Module cleaning strategy
• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. The optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 20 view in the following section.

layout
The detailed layout (20 and 30) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

Figure 14. 1'/ rooftop of Metro Cash & Carry Ravi Road
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o 0 <>

o (> 0

o~

o 0

Figure 15: 2D Layout oirooitoc .'\';1'110 Cosn & Carry Rovi Road showing 50/01' pane/ locations
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, su rge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:



Simulation Parameters
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r-----y-----------.-----------------,-----,,-------,
PVSYST V6.40 I IOS/06/171page 114

Metro Ravi Road

Grid-Connected System Simulation parameters

Project:

Geographical Site

Situation
Time defined as

Metro Cash & Carry, Ravi Road, Lahore

Metro Cash & Carry, Ravi Road, Lahore Country Pakistan

Latitude
Legal Time

Albedo

74_30' E
213 m

31.,60' N
Time zone UT+5
0,20

Longitude
Altitude

Simulation variant:

Meteo data: Metro Cash & Carry, Ravi Road, Lahore Meteonorm 7.1 • Synthetic

metro ravi road 330

o)1I111118tlondate 05/06/17131117
r-------------------------------------~

Simulation parameters

Collector Plane Orientation

Models used

Horizon

Near Shadings

PV Array Characteristics
PV module

Custom parameters defin~i()n
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50'C)
Total area

Inverter
Original PVsyst database

cnaractensucs

Inverter pack

System loss factors
Wiring Ohmic Loss

Unavailability of the system

User's needs:

Tilt 3' Azimulh ·38'

Diffuse Perez. Meteonorm

81 I ) d ,; "

Tfdl1sposition Perez

Ffee Horizon

AccolclinSi to strings Electrical effect 100 %

SI-pOly Model CS6U· 330 P
MArlulacturer Canadian Solar lnc.

In series 14 modules
Nil. modules 1008

l~ornrn81 (STC) 333 kWp
U mpp 464 V

Moclule area 1960 m'

In parallel
Unit Nom. Power

At operating condo
I mpp

Cell area

72 strings
330 Wp
299 kWp (50'C)
644 A
1766 rrr'

Model Sunny Tripower 25000TL·30
Milnllf~cturer SMA

Ope',aling voltage 390-800 V Unit Nom. Power 25,0 kWac

r,iI) ,,( Inverters 12 units Total Power 300 kWac

Loss Fraction 3_0%
Uc (canst) 20.0 W/rri'K Uv(wind) 0.0 W/rn'K I mls

Glnt)dl 3flay res. 12 rnOhm Loss Fraction 1.5 % al STC
Loss Fraction 2.5%
Loss F ractio n 2.0%
Loss Fraction 1_0% at MPP

·VY
i) 992

90' I50'

0.970 I 0.917 L ...Q7~ o_COO ,

WIfC'S 3\300,0 rnrrr' 236 rn Loss Fracnon 3.0 % at STC

Time fraction 9_3 %2·; 0 davs. 4 periods

LJIII!lllIlc(! IU,ld (grid)
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Metro Ravi Road

Grid-Connected System: Near shading definition

Project: Metro Cash & Carry, Ravi Road, Lahore

Simulation variant: metro ravi road 330

Main system parameters System type Grid-Connected

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

According 10strings Electrical effect
tilt 3" azimuth

Model CS6U - 330 P Pnom
Nb. of modules 1008 Pnom total

Model Sunny Tripower 25000TL-30
Nb. of units 12.0 Pnom total

unnmitec load (grid)

100 %
-38'
330Wp
333 kWp
25.00 kW ac
300 kW ac

Perspective of the PV-field and surrounding shading scene

L

Iso-shadings diagram
kU:'1 C"Stl &. carrv. Raltj Road, Lahore

,':n",,,,,
l:nn'~1·:n,~,
)'2f)_·]3 ....,'ol
.'lOft't/·l1to<op
!i'21'<ItI·JJ""
"3"1g:i~"'21"~
]'2~dllC_bN
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PVSYST V6.40 1 1 05/06/171 Page 414

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Metro Cash & Carry, Ravi Road, Lahore

metro ravi road 330

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArfay
Inverter
Inverter pack
User's needs

System type Grid-Connected

Accordrnq 10strings
tilt

Model
iH, .,[ modules

Model
Nb. of unns

Unlirnite(j load (grid)

3'
Electrical effect

azimuth
100%
-38<
330Wp
J3J kWp
25.00 kW ac
300 kW ac

CS6U - 330 P Pnom
1008 Pnom total
Sunny Tripower 25000TL-30
12.0 Pnom total

Loss diagram over the whole year

efficiency at :~,T (

··1 J%

399.5 MWh

Horizontal global irradiation
'1.7% Global Incident in coli. plane

1
'·0,5% Near Shadings: trradiance loss

.' -Z 7% lAM factor on globai

·30'% Soiling loss factor

Effective irradiance on collectors

PV conversion

Array nominal energy (at STC effie. I
·DAIlA) PV loss due to rrradiance level

"10,3% PV 105s due to temperature

Shadings: Electrical Loss ace, to strings

·2.0U/o Module quality loss

·2.5% LID - Light induced degradalion

·1.O~,f, Module array mismatch loss

Ohmic wiring loss
Array virtual energy al MPP

. ·2.5%
00%

Inverter Loss during operation (efficiency)

Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nomina! inv. voltage
lrwerter Loss due 10voUalje ttueshold
Available Energy at lnverter output
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Simulation Results

PVSYST V6.40

Gnd-Connected System: Main results

Metro Cash & Carry, Ravi Road, Lahore

metro ravi road 330

Project:

Simulation variant:

Main system parameters

Near Shadings
PV Field Orientation
PVmodules
PV Array
Inverter
Inverter pack
User's needs

System type Grid-Connected

Accordino 10strings
tilt

100 %
-38·
330 Wp
333 kWp
25.00 kW ac
300 kW ac

Electrical effect
30 azimuth
CS6U - 330 P Pnom
1008 Pnom totat
Sunny Tripower 25000TL-30
12.0 Pnom total

Model
Nb of modules

Model
Nb. of units

Unlirnlle(j load (grid)

Main simulation results
System Production 1201 kWh/kWp/yearProduced Energy

Performance Ratio PR
399.5 MWh/year
68.75 %

Specific prod.

NIXmallzed poducbons (per Installed kWp) Nonunat cower 333 kWp Pflformanc:e Ratio PR

metro ravi road 330
Balances and main results

Globlnc PRT Amb

·c
i
lJan~fY
iFebruary

!March
lAp4'1t

1
May
i June
I
fJuly

92.5

114.6

1562

168.9

190.2

190,6

171.2

172.9

166.0

1334

100.7

696

17~7 a

86.3

107.6

146.8

153.1

179.1

1795

160.8

1624

156.1

125 Z

94.0

83.6

1640.2

0.611

0.596

0.766

0.147

0.723

0.7'27

0738

0.520

0.500

0.764

0.795

0.613

11 ]6 1882

22.74

39.81

41.94

45.72
4611

42.03

29.90
27.60

33.91
2663
14.30

399.52

!5.62

/1 J8
31.53

41.38

43.62

47.63

41103

43.71

44.37

42.90

35.21

27.55

25.12

166.9

159.4

2671

·12.25
1900

170.7

171,$

163.3

1301

3000
~August 3032

jOctober
j November i 96 8

I~:~m~_l~_..L
!789

1328

569U 23.75 457.17 0688

tecenos: GlobHor
OiffHOf

T Amb

Hortzoatal tliojJ,)llrr;Hhaliof'

Horizontal (Mb,.,,", '!!:uJ:;.I,un

AmbKml TCIIIP~:;d'(j!\

GI()b(l:lmc;I("j(,!!1

GlobEl!

EAll"dy

E_Gl'id
PR

Ettecttve 010001, corr. for IJW and $hading!)

Effedive ellergy III the output oIlhe array

Eneryy injected into grId
Performance RalioGlob!nc
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 332.64 KWp (DC) Solar PV System: USD 399,168

Equity: 100%

Debt: 0%
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double Insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development

Trained and qualified personnel will be available Cltsite 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizi ng

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants
1 n. Solar Module testing standardsi

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training
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Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water. land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages In comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation .

• The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportu nities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 300 kW rooftop PV system installations at Metro Cash & Carry Ravi Road, Lahore.

Installation of the PV system will result in annual power generation of 399,522 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable .

•

•
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•

5. FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT METRO CASH & CARRY STORE,

MODEL TOWN, LAHORE
• SHAMS POWER (PVT) LIMITED
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store Model Town, Lahore.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "good" (1,719 kWh/

square meter/ year). Panel azimuth (20 degree), panel tilt (8 degrees) and satisfactory roof condition

and structure are also assumed.

•
Anticipated System Information: The project will accommodate a 225 kW (AC) solar PV system with

a projected annual production of 309,084 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36 Ibs/SF .

The system will offset approximately 111 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 229,376

Based on the technical and financial analysis, the installation of a 225kW Solar PV System on the

rooftop of Metro Cash & Carry Store Model Town is deemed to be feasible .

•
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Introduction
The project site is the rooftop of Metro Cash & Carry Store Model Town, Lahore. Pakistan. Metro

Cash & Carry Store is a double storied commercial building/retail store. The exact coordinates of the

project site are:

Latitude:

Longitude:

31"28'20.92" North

74"19'13.48" East

A bird's eye view of the project site is given in the figure below:

• 17. Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 2,462,874

kWh.

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 1,988,000 kWh

• In-house power generation from Diesel Generators is 474,874 kWh

•

92 I P age



Technical Analysis

Site Conditions
The following tasks were carried out

ShamsPower

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing was calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and
Technology Selection• PV Modules:

•

S. No Specification
1 Type of Module
2 Type of Cell
3 Dimensions of ea
4 Weight
5 No of Modules
6 Module Area -_ .. -
7 Total Land Area U

8 Module Frame
9 Nominal Max. Po

10 Opt. Operating V
11 Opt. Operating C
12 Open Circuit Volt
13 Short Circuit Curr
14 Module Efficiency
15 Operating Tempe

16 Max. Syst~.m Volt:
17 Module Fire Perfo

-_..

PV Array

S. No Specification

1 No of Strings
2 Modules in Strin
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Data
CS6U-330P

.. __ .----
Polycrystalline

module 1960*992*40 mm._
22.4 Kg
756
1.94432 m2

--~-

d RoofTop
Anodized aluminum alloy

r (Pmaxr-·-- 330W
age (Vmp) 37.2 V
ent (Imp) 8.88A
(Voc) 45.6V
(Isc) 9.45 A----

16.97%
ure _40DC~ +85DC

--_., ..._,_
> 1000 V (lEe) or 1000 V (UL) or 600 V (UL)

-
ance TYPE 1 (UL 1703) or CLASSC (IEC 61730)

-_ ..._"._.-

se

we
olt
urr
age
ent

rat

age
rm

g



PV Capacity

.-.-~-

S. No Specification

.'"-

1 Total Site
2 Net Capacity Factor

Inverters

•
S. No Specification

1 Manufacturer
--

2 Capacity of eac~
3 No of Inverters
4 MPP Input Vol~~
5 Rated Input Volt
6 Max Input Volta
7 Total Power (AC
8 Max Input Currl;!
9 Max Output Cu~
10 Output Electrica
11 AC Nominal Volt
12 Rated Power Fre
13 Efficiency
14 Relative Humidit

--
IS Noise Emission
16 Degree ()~~rote

gc Rani
age
ge
)
nt Inpu
rent
I System
age
quency

ction

Junction Boxes

• S. No Specification

1 Number of J/Box
2 Input circuits in c
3 Max. input curce
4 Protection Level

--
5 Over cu rrent pro
6 Surge protection

PV Mounting Structure

S. No Specification

1 Structure
-

2 Tilt of Array Frame
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Data

249.48 KW Peak
15.68%

Unit

--_ ......_.- ...•._.
SMA---_.
25 KW--
9

;C 390 V to 800 V
600V
1000V

--
225 KW

t A/Input B 33A/33A
36.1 A
3 Phase AC (4 Wire)

.- __._-- 230/400 V
50 Hz

.._--_.-
98.3%

-~_()_ndensing) 100%
51 dB(A)
IP65

.-.----~- ..•-.-- --

---
y(Non

units 18

Data

ach box 3
nt for each circuit 15A

IP 65
---------- --------_- -------------j

tocnon Fuse
--------------1--------------1

>1000V

Data

Galvanized Steel
8°---------~------------_---
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Foundation

S. No Specification I Data

1 Ballast for counter weight Concrete__ _ L ---'

Data Collecting System

S. No Specification

•
Data

Continuous on-line logging and
monitoring over web portal

1 System Data

Solar PV Yield Estimation and Simu lation

The aim of yield estimation IS to predict the average annual energy output of the

site. PvSyst software is used for simulation and near shading analysis.

Working Conditions

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar production in case of Load shedding.

•
Plant Characteristics
Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: SO Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control metering and instrumentations.

Design Parameters

The following tasks were carried out for I'V layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to reduce inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes
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• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the

site and the annual distribution of solar resource

• Module cleaning strategy
• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. Tho optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 2D view in the following section.

layout
The detailed layout (2D and 3D) of the solar panels is given below, PV layout may change depending

upon site constraints before or during Installation. PvSyst simulation is also performed as per

following layout:

.. -", .

•
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. 1he single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:

100 I P a g e



Simulation Parameters
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PVSYST V6.40 1 129/05/171 Page 1/4

Grid-Connected System: Simulation parameters

Metro Cash & Carry, Model Town, LahoreProject:
Geographical Site

Situation
Time defined as

Metro model town Country Pakistan

Longitude 74.32· E
Altitude 212 III

Latitude 31.47' N
l.'c'qal Tirne Time zone UT'5

Albedo 0.20
Meteo data: Metro Cash & Carry Model Town Lahore Meteonorrn 7.1 - synthetic

Simulation variant: Metro 8-20 PT 330cs
~;'rnill<lliOn date 29i05/17 14M 7

~------------------------------------------------------------~
Simulation parameters

Collector Plane Orientation

Models used

Horizon

Near Shadings

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (SOC)
Total area

Inverter
Original PVsyst database

Characteristics

Inverter pack

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

Till 8" Azimuth _20·

Diffuse Perez, MeteonormTI ansposition Perez

Free Horizon

,L\..cc()!diliq to strings Elect rica I effect 100 %

Sr-pol\ Model CS6U - 330P
M,rrlufacturcr Canadian Solar Inc.

In series
Nt) modules

54 strings
330Wp
223 kWp (50'C)
481 A
1325 m'

14 modules
756

In parallel
Unit Nom Power

At operating cond
l rnpp

Cell area

IJomlr1al (STC) 249kWp
U I11PP 464 V

!v!i.;;(lulearea 1470 Ill'

Model Sunny Tripower 25000TL-30
Manufacturer SMA

Operating Voltage 390-800 V Unit Nom. Power 25.0 kWac

Nil 01 mverters 9 units Total Power 225 kWac

Loss Fraction 3.0%
uc (const) 29.0 W/m'K Uv (wind) 0.0 W/m'K Il11ls

Glot.I1-}1 nl"ray res 15 monm Loss Fraction 1.4 % at STC
Loss Fraction 1.1%
Loss Fraction 2.0%
Loss Fraction 1.0 % at MPP

\,I\,ring Ohmic Loss
LID - Ught Induced Degradation
Module Quality Loss
Module Mismatch Losses
Incidence effect (lAM) User defined lAM prorit"

~1--O~~-;-8--~I--o-:-o~~-+I--o-~~:~~---05~:'%~'~~1---:~:~~--~I--~:~:~;7~~I--~oOO~7~~~~I--~oOO~.~~'~~I

System loss factors
Wring OhmiC Loss

Unavailability of the system

User's needs:
L- ~
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Wrres 3x240 0 mrrr' 227 III

34 0 days. 4 periods

Loss Fraction 2.7 % at STC

Time fraction 9.3 %

Unlrll"ted load (grid)
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Project:

Simulation variant:

Grid-Connected System: Near shading definition

Metro Cash & Carry, Model Town, Lahore

Metro 8·20 PT 330cs

System Iype Grid-Connected

Accorrtinq 10strings Electrical effect
tilt 8" azimuth

Model CS6U ·330P Pnorn
No of modules 756 Pnom total

Model Sunny Tripower 25000TL·30
No. of units 9.0 Pnom total

UIIJlflliled JOdd (grid)
r----------------------

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
user's needs

Perspective of the PV-field and surrounding shading scene

100 %
_20"
330Wp
249 kWp
25.00 kWae
225 kWac

lso-shadlnqs diagram
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Losses
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PVSYST V6.40 1 129/05/171 Page 4/4

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Metro Cash & Carry, Model Town, Lahore

Metro 8-20 PT 330cs

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
inverter
Inverter pack
User's needs

Syst,,111 type Grid-Connected

Accorclrnq to strings
tilt

Model
Nb of modules

Model
Nt). of units

UniuT1ltpd load (grid)

Electrical effect 100%
_20"
330Wp
249 kWp
25.00 kWac
225 kW ac

8" azimuth
CS6U - 330P Pnom
756 Pnom total
Sunny Tripower 25000TL-30
9.0 Pnom total

Loss diagram over the whole year

1/;'1/) ~\"" HOrizontal global frradration
,·4 8i~ Global incidel1l in call. plane

103 I P age

.4,0% Near Shadings: lrradlance loss,

:·20% lAM factor on global

30% Soiling loss factor

Effective irradiance on collectors

PV conversion

-06%

-7.6%

Array nominal energy tat STC effie.)
PV lees due 10 irradiance level

PV loss due to temperature

'4% Shadinqs EI&elrical Loss ace to strings

Module quality loss

LID" Ught induced degradation

Module array mismatch 10$S

Ohmic winng loss
Array virtual energy at MPP

-11''){,

-i,O%

-0,8%

2.4% Inverter Loss during operation (tfflCiency)

Inverter toss over normnelmv. power
tnvetter loss dee to power threshold
Inverter Loaa overncrrunat inv. vottaqe
Inverter loss due to voltage threshold
Available Energy ..I Inverter Output

00%
·0.0%
00%
00%

9,1% System unavalratxbty

AC ohmic Joss

Energy injected into grid
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Project:

Simulation variant:

Grid-Connected System: Main results

Metro Cash & Carry, Model Town, Lahore

Metro 8·20 PT 330cs

Main system parameters

Near Shadings
PV Field Orientation
PVmodules
PVArray
Inverter
inverter pack
User's needs

c;ystem Iype Grid-Connected

According to strings
tilt

Model
Nb of modules

Model
Ntl. 01 units

Unlllliited load (grid)

Main simutation results
System Production Produced Energy

Performance Ratio PR

•

Normalized productions (per Installed kWp): NOITlIU,\1 po .....N 2..19kWp

Electrical effect
80 azimuth
CS6U - 330P Pnom
756 Pnom total
Sunny Tripower 25000TL-30
9.0 Pnom total

309.1 MWh/year
68.76 %

specmc prod.

U, Cdledl<wl LeI" \pv'&mIJ '~Ioo'l~;
~s_S,.,. .... 1..)", (i,.,.".,., l 0 -Ii: ~'J>I"~,,,;,:,";'
'" -P"''''''''''' .,..., ... "'-'iIIy (~W~~~j -33i) .',.,1""\"",

Performance Ratio PR

100%
_200

330Wp
249 kWp
25.00 kWae
225 kW ae

1239 kWh/kWp/year

''''
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MellO 6·20 PT 330C5

8.1Iaoce'S and main results

.-~,---,:-c---,--::c--,--,--=--:::-,,::----,----::-c:-:,.-=--,
: i"nll;

! .. ".
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 249.48 KWp (DC) Solar PV System: USD 299,376

Equity: 100%

Debt: 0%

•
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•

Safety and Emergency Plans
• Only qualified and authorizud electricians will be allowed to undertake servicing or

maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition .

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development
Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection• h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training
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Environmental Aspects
Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, lilnd and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages in comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 225 kW rooftop PV system installation at Metro Cash & Carry Model Town, Lahore.

Installation of the PV system will result in annual power generation of 309,084 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store Sargodha Road, Faisalabad.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "good" (1,719 kWh/

square meter/ year). Panel azimuth (22 degree), panel tilt (2 degrees) and satisfactory roof condition

and structure are also assumed.

Anticipated System Information: The project will accommodate a 250 kW (AC) solar PV system with

a projected annual production of 348,433 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

lbs/sqft. The system will offset approximately 121 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 356,400.

Based on the technical and financial analysis, the installation of a 250 kW Solar PV System on the

rooftop of Metro Cash & Carry Faisalabad Store is deemed to be feasible.

110 I P d g "



Shams Power
Introduction
The project site is the rooftop of Metro Cash & Carry Store Faisalabad, Pakistan. Metro Cash & Carry

Store is a single storied commercial building/retail store. The exact coordinates of the project site

are:

Latitude:

Longitude:

31 °30'29.87" North

73° 4'14.46" East

A bird's eye view of the project site IS given in the figure below:

)] Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 2,270,777

kWh.

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 2,026,400 kWh

• In-house power generation from Diesel Generators is 244,377 kWh
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Technical Analysis

Site Conditions
The following tasks were carried out

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were take n into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing W(]S calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Seier"
Technology Selection

PV Modules:

S. No Specification
-

1 Type of Module
2 Type of ~~II
3 Dimensions of e
4 Weight
5 No of Modules
6 Module Area
7 Total Land Area

-
8 Module Frame
9 Nominal Max. P

10 Opt. Operati~g
11 Opt. Operating

.-

12 Open Circuit Vol
13 Short Circuit Cu
14 Module Efficien
15 Operating Temp

16 Max. System Vo
17 Module Fire Per

Used

Data
CS6U-330P

....__ .__ ... Polycrystalline
dule 1960*992*40 mm

.._-_. 22.4 Kg
900
1.94432 m2

RoofTop

------
Anodized aluminum alloy

max) 330W
e (Vmp) 37.2 V
t (Imp) 8.88 A

- ..-..-~ .._._-----, .. _.
oc) 45.6 V

--
sc) 9.45 A

16.97%
c -40°C ~ +85°C

1000 V (IEC) or 1000 V (UL) or 600 V (UL)
ce TYPE 1 (UL 1703) or CLASSC (IEC 61730)

-~

ach mo

ower (P
Voltag
Curren

tagc (V
rront (I
cy
e ratu r

ltagc
forman

PV Array

S. No Specification Data

1 No of Strings
i-------j-----

2 Modules in Stri ng
60..-~-.-----------------------1
15
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PV Capacity

S. No Specification

1 Total Site

2 Net Capacity Factor

Inverters

S. No Specification
1 Manufacturer
2 Capacity of eac
3 No of Inverters
4 MPP Input \/olt
5 Rated Input Vol
6 Max Input Volta
7 Total Power (AC_ -

8 Max Input Curr
9 Max Output C~r

10 Output Electrica
11 AC Nominal Vol
12 Rated Power Fr_-
13 Efficiency
14 Relative Humidi
15 Noise Emission
16 Degree of Pr_ote

h Unit

age Rang
tagc
ge

ent Input
rent
I System

tagc
egucncy

ty(Non-C

ction

Junction Boxes

---_.
S. No Specification

--,.

1 Number of J/Bo
2 Input circuits in

3 Max. input curr

4 Protection Leve

5 Over current pr

6 Surge protectio

x units
each box

ent for ca

otection

n

Shams Power

Data

297 KW Peak
15.91%

SMA--
25 KW
10

c 390 V to 800 V-__ ------_.
600V

....

1000 V
250 KW

A/Input B 33A/33A
36.1 A

-_...._"_
3 Phase AC (4 Wire)
230/400 V
50 Hz
98.3%

:mdensing} 100%

--- ..__ .._--- -_ ..-_ 51 dB(A}
IP65

.. _----

Data

20
3

ch circuit 15A

IP 65

Fuse

>1000V



ShamsPower
PV Mounting Structure

~...
S. No Specification

1 Structure
2 Tilt of Array Fra

Data

Aluminum
me 2" (In line with shed rooftop)

Data Collecting System

Specification

Continuous on-line logging and
monitoring over web portal

S. No Data

1 System Data

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the
site. PvSyst software is used for simulation and near shading analysis.

Working Conditions: Zero Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of .nvcrter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar production.

Plant Characteristics

Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control mct cr mg and instrumentations.

Design Parameters

The following tasks were carried out for PV layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to reduce inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes
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• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the

site and the annual distribution of solar resource

• Module cleaning strategy

• Simulating the annual energy losses associated with various configurations of tilt angle,
orientation and row spacing. 1he optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 20 view in the following section.

layout
The detailed layout (20 and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

Figure 22 3[) ,.) (,)ojtop of Metro Cosh & Corry Foisolobad
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:
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PVSYST V6.40 1 105/06/171 Page 114
f------'------- __ -----------------'----'----1

Grid-Connected System: Simulation parameters

Project;

Geographical Site

Situation
Time defined as

Metro Cash & Carry, Faisalabad

Metro Cash & Carry. Faisalabad

Latitude 31.51' N
l.eqal Time Time zone UT +5

Albedo 0.20
Metro Cash & Carry, Faisatabad Meteonarm 7.1. Sat=54%· SyntheticMeteo data:

Simulation variant: Metro FSD 2/22

Sim ulation parameters

Collector Plane Orientation

Models used

Horizon

Nea r Shadings

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50"C)
Total area

Inverter
Original PVsyst database

Characteristics

Inverter pack

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

Country Pakistan

Longitude 73.07' E
Altitude 183 III

Srmulation date 05i0611709h47

TI .msposition Perez

lu SlrlFI\JS

Si- poly Mode!
Mflllui;lcturer

In series
Nt) modules

Nominal (STC)
U mpp

Module area

Till 2" Azimuth 22'

Ditfuse Perez. Meteonorm

Electrical effect 100 %

CS6U - 330P
Canadian Solar Inc.
15 modules
900
297 kWp
497V
1750 m'

In parallel
Unit Nom. Power

60 strings
330Wp
266 kWp (50'C)
535 A
1577 m'

At operating condo
I mpp

Cell area

Model Sunny Tripower 2S000TL-30
iV1nnulacturer SMA

Ope'<ljllig Voltage 390·800 V Unit Nom. Power 25.0 kWac

rlt) 'Ii inverters 10 units

IJc (const)

Total Power 250 kWac

Loss Fracuon 3.0%
20.0 W/III'K Uv (wind) 0.0 WIffi'K I mls

39 mOIHn Loss Fraction 3.7 % at STC
Loss Fraction 2.0%
Loss Fraction 2.0%
Loss Fraction 1.0 % at MPP

Wiring Ohmic Loss G!oll"11 array res.
LID· Ugtll Induced Degradation
Module Quality Loss
Module Mismatch Losses
Incidence effecl (lAM): User denned lAM profrlc

~-,--~-,--~-.--~-,--~-.--~-.I JOO I 20' I 30' t .,- I 50' I 60' I 70' I 80' I 90' I
1~=~0~.99~8~=~1==~0.~998~==~1=:::0:::'~:::I::=:' - • '_':-""=:::;.:='=~1==:::0 ~ge:::6==1~=:::0=9:::70:::=~j_:::::::::0:::.9:::17:::=11==0:::.7:::6~3==~I=:::0:::.OOO:::~::I

System lOSS factors
Wifing Ohmic Loss

Unavailability 01 the svstern

User's needs:
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Near Shading Definition
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PVSYST V6.40

Project:

Simulation variant:

Grid-Connected System: Near shading definition

Metro Cash & Carry, Faisalabad

Metro FSD 2122

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

sysrem type Grid-Connected

ACCOICilllg to strings
tilt

Electrical effect 100 %
22'
330Wp
297 kWp
25.00 kWac
250 kW ac

Model
2' azimuth
CS6U - 330P Pnorn
900 Pnorn total
Sunny Tripower 25000TL-30
10.0 Pnorn total

Nt) 01 modules
Model

Nb. of units
Unlimlteci load (grid)

Perspective of the PV·field and surrounding shading scene

lso-shadinqs diagram

"
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PVSYST V6.40 1 1051061171 Page 414

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Metro Cash & Carry, Faisalabad

Metro FSD 2/22

Main system parameters

Nea r Shadings
PV Field onentanon
PV modules
PV Array
Inverter
Inverter pack
User's needs

Sy"em type Grid-Connected

J:'.;T(w_!i~ -f to strings
lilt

Model
mouures

Model
Nb. of units

U"limlteci 10,1(t (grid)

~-------------------------

Electrical effect
2" azimuth
CS6U - 330P Pnorn
900 Pnom total
Sunny Tripower 25000TL-30
10.0 Pnom total

100 %
220

330Wp
297 kWp
25.00 kWac
250 kW ac

Loss diagram over the whole year
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Energy Injected Into grid
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Grid-Connected System: Main results

Project:

Simulation variant:

Metro Cash & Carry, Faisalabad

Metro FSD 2122

Sysll'll1 type Grid-ConnectedMain system parameters

Near Shadings
PV Field Orientation
PV modules
PV'Array
Inverter
inverter pack
User's needs

AiXOI(!inq to strings
tilt

Model
I,t, uf modules

Model
I'll). of units

UnlllJlited load (Wid)
~-------------------

Main simulation results
System Production Produced Energy

Performance Ratio PR

NormaUad productions (per Installed kWp): Ncnuna! power 291 kWp

II

Electrical effect
2" azimuth
CS6U 330P Pnom
900 Pnom total
Sunny Tripower 25000TL-30
10.0 Pnom total

100 %
22'
330 Wp
297 kWp
25.00 kWac
250 kW ac

348.4 MWh/year
68.49 %

Specific prod. 1173 kWh/kWp/year

Performance Ratio PR

'"

Metro FSD 2)22

Bil!anC~5 and main results
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 297 KWp (DC) Solar PV System: USD 356,400

Equity: 100%

Debt: 0%
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.
• On-going operation and maintenance concerns for solar power systems will be addressed

properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation

• Properly grounded or double Insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development

Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

J. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training
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Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PVenergy technology provides

obvious environmental advantages In comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation .

• The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportu nities

• Diversification and security of energy supply

• Support of the deregulation of energy markets

•
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 250kW rooftop PV system installation at Metro Cash & Carry Sargodha Road

Faisalabad.

Installation of the PV system will result in annual power generation of 348,433 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable .

•

•
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store 0-22, Manghopir Road, Karachi.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "very good" (1,834 kWh/

square meter/ year). Panel facing south (0 degree azimuth), panel tilt (2 degrees) and satisfactory

roof condition and structure are also assumed.

• Anticipated System Information: The project will accommodate a 200 kW (AC) solar PV system with

a projected annual production of 31 'i, /9/ kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

lbs/sqft. The system will offset approximately 112 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USO 285,120.

Based on the technical and financial analysis, the installation of a 200 kW Solar PV System on the

rooftop of Metro Cash & Carry Store is deemed to be feasible .

•
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Introduction
The project site is the rooftop of Metro Cash & Carry Store D-22 Manghopir Road, Karachi, Pakistan.

Metro Cash & Carry Store is a double storied commercial building/retail store. The exact coordinates

of the project site are:

Latitude:

Longitude:

24°55'11.57" North

67" 0'56.73/1 East

A bird's eye view of the project site is given in the figure below:

•

•

2S Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 1,404,305

kWh.

Technical Analysis

Site Conditions
The following tasks were carried out

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken Into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing was calculated from near

shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Select
Technology Selection

PV Modules:

•

S. No Specification
1 Type of Module
2 Type of Cell
3 Dimensions of ea
4 Weight
5 No of Modules
6 Module Area
7 Total Land Area
8 Module Frame

...

9 Nominal Max. Po
10 Opt. Operating
11 Opt. Operating

12 Open Circuit Volt
13 Short Circuit Cur
14 Module Efficienc
15 Operating Temp

16 Max. System Vol
17 Module Fire Perf

ch mod

Data
CS6U-330P

------~-
Polycrystalline

ule 1960*992*40 mm
22.4 Kg
720
1.94432 m2

..._----

-----"_ Roof Top
Anodized aluminum alloy

max} 330W
(Vmp) 37.2 V
(Imp) 8.88 A

-----_--
c) 45.6V

.. ._- ---_ ..._- _-_"
c) 9.45 A

16.97%..
-40°C ~ +85°C

--
1000 V (lEe) or 1000 V (UL) or 600 V (UL)

e TYPE 1 (UL 1703) or CLASSC (IEC 61730)

Used

wer (P
Voltage
Current

age (Vo
rent (Is
y
erature

tage
ormanc

PV Array

I s. NO] Specificat ..i~n
-- -- .. ----- .._
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r-----.-----------
No of Strings
Modules in String

1
2

PV Capacity

S. No Specification

1 Total Site

2 Net Capacity Fa

Inverters

• _.,_.,.

S. No Specification
1 Manufacturer
2 Capacity of each
3 No of Inverters
4 MPP Input Volta
5 Rated Input Volt
6 Max Input Vol tag
7 Total Power (AC)
8 Max Input Currc
9 Max Output Curr
10 Output Electrical
11 AC Nominal Volta
12 Rated Power Frc
13 Efficiency
14 Relative Humidit
15 Noise Emission
16 Degree of Protec

Junction Boxes

S. No Specification

1 Number of J/Bo
2 Input circuits in

3 Max. input curr

4 Protection Leve

5 Over current pr

6 Surge protectio

"--

x un I rs
each box

ent for e

otection

n
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ctor 18.02%

Data

237.6 KW Peak

Unit

---------
SMA--_-
25 KW

---
8

ge 390 V to 800 V
600V

--.-
1000V
200KW

t A/Input B 33A/33A
36.1 A
3 Phase AC (4 Wire)

- -_._- - --
230/400 V
50 Hz

.._-----
98.3%

-Condensing) 100%
51 dB{A)
IP65

--

gc Ran
age
e

nt Inpu
cnt
System
gc

qucncy

y(Non

tion

Data

16
3

---

ach circuit 15A

IP 65

Fuse

.----~.-
>lOOOV

.... _-_-_ -..,----
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PV Mounting Structure

S. No Specification

1 Structure
2 Tilt of Array Fra

--

Aluminum

Data

me 2° (In line with shed rooftop)

Data Collecting System

S. No

Continuous on-line logging and
monitoring over web portal

Specification Data

1 System Data

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the
site. PvSyst software is used for simulation and near shading analysis.

Working Conditions: Zero Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar production .

• Plant Characteristics

Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power 1
Frequency: 50 Hz
Generation characteristic Inverter has built-in features of controllable active power ramp
following grid disturbance or normal connection, voltage regulation and frequency response.
There are no additional control metering and instrumentations.

Design Parameters

The following tasks were carried out for I'V layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to provide proper maintenance space.

• Designing the layout to minimize cable runs and associated electrical losses
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• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource

• Module cleaning strategy
• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. l he optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 2D view in the following section.

layout
The detailed layout (2D and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during Installation. PvSyst simulation is also performed as per

following layout:

Figure 26. 3D Loyout 0/ rooftop of Metro Cash & Carry Manghopir
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(
u

Figure 27: 20 Layout of rootu« Cosh & Carry Manghopir showing solar panel locations

Electrical Design
The electrical system comprises the foilowing components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches

• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections AC Side: MCBs, Main Breaker and Surge Protective Device

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for (~nerp,yyield prediction for this site and its results are given

below.

Details of the simulation steps are pr(~s('nt('d in the following sections:
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Simulation Parameters

,-------,------_ ..__._------------------,-----,---..,
PVSYST V6AO I Snams Power (Pvt) Ltd 105/06/171 Page 114
1-------'------ --.- -..---------------'-----'--__j

Grid-Connectecl System: Simulation parameters

Project;

Geographical Site

Situation
Tirne defined as

Meteo data:

Metro Manqopir Store, Karachi

Metro Manqopir , Karachi

Latitude 24.92' N
l.eqal Time Time zone UT +5

Albedo 0.20
Metro Mangopir, Karachi Meteonorm 7.1 (2001-2010) - Synthetic

Country Pakistan

Longitude 67 00' E
All itude 26 rn

r---------------------------------------------------------~
Simulation variant; metro mangopir 2-0 330cs

Srrnllialion date 05/06/17 13h26

Simulation parameters

Collector Plane Orientation

Modets used

Till 2" AZllnlJth 0'

Diffuse Perez, Meleonorm

Horizon

Near Shadings III stnnqs Electrical effect 100 %

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50'C)
Total area

Si·puly Model
MClflufacturer

In series
NU modules

Nomin,,1 (STC)
U IllPP

Moclule area

CS6U - 330P
Canadian Solar Inc.
15 modules
720
238 kWp
497 V
1400 m'

In parallel
Unit Nom, Power

48 strings
330Wp
213 kWp (50·C)
428 A
1262 m'

At operating cond.
I mpp

Cell area

Inverter
Original PVsyst database

Characteristics

Inverter pack

Model Sunny Tripower 2S000TL-30
Mnl1ulacturer SMA

OPHdllll[j Voltage 390-800 V Unil Nom. Power 25,0 kWac

Total Power 200 kWac

PV Array loss factors

ArrilY Soiling Losses
Thermal Loss factor

Loss Fraclion
Uv (WIIIU)

3.0%
0.0 W/m'K I m/suc (coust) 20.0 W/m'K

Wiring Ohmic Loss (3ii)IJClIauay res. 20 mohm
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
tncidence effect (lAM): User defil1en lAM proiil"

I 10' I 20' I

Loss Fraction 1.5 % at STC
Loss Fraction U %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

60' J 70' I 80' 1 90' J30' I ,~J 1 50~ 1
o ~l~i;'! t .: ;.,r_(::' I 0986 I._.I 0.998 I 0.998 I 0970 I 0.917 I 0763 I 0.000 I

System loss factors
Wring Ohmic Loss

Unavailability otthe system

Wires 3x 1850 mrrr' 208 III

2D_O d~y$, 4 penocs

Loss Fraction 3.1 % at STC

TIme fraction 5.5 %

User's needs:
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Near Shading Definition

ShamsPower

PVSYST V6.40 Shams Power (Pv!) Ltd.

Project:

Simulation variant:

Grid-Connected System: Near shading definition

Metro Mangopir Store, Karachi

metro manqopir 2-0 330C5
--------------------------------------__,

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

~:·vslf'rn Iype Grid-Connected

ACf:OliJII,q 10 stnngs Electrical effect
tilt 2" azimuth

Model CS6U - 330P Pnom
Nb of modules 720 Pnorn total

Model Sunny Tripower 25000Tl-30
Nb. of units 8.0 Pnom total

Unlllll1te(j load (grid)

100 %
0°
330Wp
238 kWp
25.00 kWac
200 kW ac

Perspective of the PV-field and surrounding shading scene
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Losses

PVSYST V6.40 1

ShamsPower

Sham s Power (Pvt) Ltd. 105/06/171 Page 4/4

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Metro Mangopir Store, Karachi

metro mangopir 2-0 330cs

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

~:YSI('l11lype Grid-Connected

Accu:dll)q to strings
lilt

Model
t ITiudules

Moclel
Nt).ollinits

UlllliTilfeti load (grid)
r-----------------------

2"
CS6U - 330P

Electrical effect
azimuth

Puorn

100%
O·
330Wp
238 kWp
25.00 kWac
200 kW ac

720 Pnom lotal
Sunny Tripower 25000TL-30
8 0 Pnom total

loss diagram over the whole year

Honzonlat global irradiation
• 1.3% Global Incident in coil. plane

-0 1 (H) Near Shadings: «tac.a-ce css

·2.6"~ JAMfactor on global

·3 O\l~J Soumq loss Iactcr

Eff;(_L..:r~t· y "i~-'~

17:-~:"kv\: Etfe ctive irr;ujjallc(~ Oil collectors

Array nominal energy (iiI STC elric.)
PV loss cue tc sraoa-co l(":el

. ~1 2% PV loss due 10 temperature

0,0% Shadings, Electrical Loss ace. to strings

-2.0% Module quality loss

·1,1% II 0 . Light induced oecraoaton

-1,0% Module array nuamatcn 105S

Ohmic winng loss

Array virtual energy at MPP

I).O°,t,

00<>"\,
O,U".(-;

Inverter Loss during cperaticn (efficiency)

Inverter Loss over nom!nal 'nv. power

Inverter Loss due to power threshold

lnve rter loss over nominal mv. voltage
levetter L(Js~; due to vOitage tnreshcld

Availablp. Energy at tnverter Output

6, 'X System cnavaltabrtity

AC C!)n1!C toss

Energy injected into grid



Simulation Results

Shams Power

PVSYST V6.40 SllBIl1S Power (Pvt) Ltd.

Grid-Connected System: Main results

Project:

Simulation variant:

Metro Mangopir Store, Karachi

metro rnanqopir 2-0 330cs

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

Syslem type Grid-Connected

ACCOlciHlq 10 strings
tilt

Model
i'H) ot modules

Model
NO. of units

Unilllllle<i load (grid)
r---------------------

Main simulation results
System Production Produced Energy

Performance Ralio PR

NormaUzeod productions (per Installed kWp): Nominal POW{,I 238 kWp

2"
Electrical effect

azimuth
100 %
O·
330 Wp
238 kWp
25.00 kWac
200 kW ac

CS6U - 330P Pnom
720 Pnom total
Sunny Tnpower 25000TL-30
8.0 Pnom total

315.8 MWh/year
71.55 %

Specific prod. 1329 kWh/kWp/year

Performance Ratio PR

menc mangoplr 2-0 330cs

Balances and main results

GiOb~iO' i D"tHCI I T AmtJ Globhtc Glob!tf EAmliV E_ GIld PR

~...'.~".: I :(Wt\im' kVVlvm' M'M> M'M',

January ~:'>3 .: ,;\:,1 1301:1 ln~ 2553 24tt\ 0794

Fetlr\.h1ry 1~>'.' "',' 129,:3 112,2 2.4,84 24,0.4 0181

March 16,; :~\:, ,t 1 1864 1570 SUS "'0. 0761
AprIl 11"1,; :'/,,)7 HiA8 lid1 :).4.11 2tJ!t1 0&13
M..". 1:\' :~n".:' 11}\ 1:\ 1$11 3.'\ 25 338.~ 0744

June ,aCi~ ,iC8 30346 3::!,20 0749
July :.:" lJ7fj 27,6.."1 2f),$6 C75t,
August '.'7&] '" J,) 01517

~1:!t'mDer 1;01 W0 " " Z!, \~ Oa22
OctOUGf 163.;'> 13~.':· zo'l31 :.).1.1'. 0.152
NOV{;IflOOI 1;':.';' , ~\: I;'; .~4 A" 1\',5:1 u6A'1

O"c.m~r ",1: '".' 1 te ~' 1eg) :2!)Q ::1 " 0';00
, \i;~-,7 7 \ I~;:'2 J.4~.10 nn ec o ns

.•._---_ ...._- '-----_ .

L'!'~'l{:" (;1,'.,:,·'.," :i~"nUj Fn,~C1I~C!Global. ~'()" !()' , ....1.1 ,lwl"h,l,j"'IiI~

r.~I.·h; FA.u,l)' EHoo!VE' e~g)' et thl« r)1,lrM or It"" ~rr .. ·;

r Amt' E.. c-o E1itWg)'+l"lj('('II!'Q 'nlognd

GloVir-o: PR P1r)f<><rranC4!'f(ilti~
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 237.6 KWp (DC) Solar PV System: USD 285,120

Equity: 100%

Debt: 0%
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development

Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure Seif'ctlclfl

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance! of rooftop solar system

r. Safety and firefighting training
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Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology IS substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages in comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of Significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 200kW rooftop PV system installation at Metro Cash & Carry Manghopir Road,

Karachi.

Installation of the PV system will result in annual power generation of 315,797 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.
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8. FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT METRO CASH & CARRY STORE,

NEAR STARGATE, KARACHI
SHAMS POWER (PVT) LIMITED

147 I P i' ;; ('



ShamsPower

EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store near Stargate, Karachi.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "very good" (1,834 kWh/

square meter/ year). Panel facing south (0 degrees azimuth), panel tilt (2 degrees) and satisfactory

roof condition and structure are also assumed.

Anticipated System Information: The project will accommodate a 300 kW (AC} solar PV system with

a projected annual production of 478,607 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

lbs/sqft. The system will offset approximately 170 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 427,680.

Based on the technical and financial analysis, the installation of a 300 kW Solar PV System on the

rooftop of Metro Cash & Carry Store is deemed to be feasible.
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Introduction
The project site is the rooftop of Metro Cash & Carry Store near Stargate, Karachi, Pakistan. Metro

Cash & Carry Store is a double storied commercial building/retail store. The exact coordinates of the

project site are:

Latitude:

Longitude:

24°53'17.05" North

67" 9' 5.08" East

A bird's eye view of the project site is given in the figure below:

Overview 0/ Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 3,248,229

kWh.

•

•
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Technical Analysis

Site Conditions
The following tasks were carried out

ShamsPower

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row spacing for maintenance, tilt angle and appropriate spacing was
calculated from near shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Sei;
Technology Selection

• PV Modules:

S. No Specification
1 Type of Module
2 Type of Cell
3 Dimensions of

--
4 Weight
5 No of Modules
6 Module Area

--
7 Total Land Area
8 Module Frame- ...-~ -
9 Nominal Max. P

-
10 Opt. Operating
11 Opt. Operating

_-
12 Open Circuit Vo
13 Short Circuit Cu_--
14 Module Efficien
15 Operating Tem

--
16 Max. System Vo
17 Module Fire Pc

each mo

used

ower (P
Voltage
Current

ltage (V
rrent (Is
cy

perature

ttage
rforrnan

PV Array

S. No Specification

1 No of Strings
2 Modules in Stri ng
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Data__

CS6U-330P

••• __ , ___ OM

Polycrystalline
dule 1960*992*40 mm

..._-

_ ... 22.4 Kg
1080
1.94432 m2

RoofTop

._---
Anodized aluminum alloy

max) 330W
(Vmp) 37.2 V
(Imp) 8.88A

oc) 45.6 V
.__ ._-,._-

c)__ 9.45 A
16.97%

.".

-40°C ~ +85°C

--'"
1000 V (IEC) or 1000 V (UL) or 600 V (UL)

ce TYPE 1 (UL 1703) or CLASSC (IEC 61730)

Data

72
15



PV Capacity

S. No Specification

-
1 Total Site

2 Net Capacity Factor

Inverters

•
S.No Specification

1 Manufacturer
2 Capacity of each
3 No of Inverters
4 MPP Input Voltag
5 Rated Input Volta
6 Max Input Voltag
7 Total Power (AC)
8 Max Input Curren
9 Max Output Curr

10 Output Electrical
11 AC Nominal Volta
12 Rated Power Freq
13 Efficiency

~.

14 Relative Humidity
15 Noise Emission
16 Degree <_l_f_£rotect

Junction Boxes

• S. No Specification

1 Number of J/Bo _.

2 Input circuits in

3 Max. input curr

4 Protection Level

5 Over current pr

6 Surge protectio
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_0 _____

Data

356.4 KW Peak
18.21%

ion

_.

SMA
25 KW
12

~c 390 V to 800 V----..--
600V
1000V

-
300KW

t A/Input B 33A/33A
36.1 A

-
3 Phase AC (4 Wire)

-_,,- 230/400 V
50 Hz-_ ..

98.3%
C_()ndensing) 100%

_._ .._- 51 dB(A)
IP65 ._.

c I1Ml!

ge
e

t Inpu
ent

System
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PV Mounting Structure

S. No Specification

1 Structure
2 Tilt of Array Fra

Data

Aluminum
2° (In line with shed slope)me

Data Collecting System

Specification

Continuous on-line logging and
monitoring over web portal

S. No Data

1 System Data

• Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the
site. PvSyst software is used for simulation and near shading analysis.

Working Conditions: Zero Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection pornt which will reduce inverter AC output of the inverter if site load

will be less than the solar production.

Plant Characteristics

Generation Voltage: 230/1)00 V three phase four wire system
Power Factor at rated power .
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp
following grid disturbance or normal connection, voltage regulation and frequency response.
There are no additional control metering and instrumentations.

Design Parameters

The following tasks were carried out for PV layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to provide proper maintenance space.

• Designing the layout to minirniz« cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource
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• Module cleaning strategy
• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. The optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given In 3D and 20 view in the following section.

layout
The detailed layout (20 and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

•

•

Figure 30: 3D roojtop of Metro Cash & Carry Stargate Store
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Figure 31: 2D Layout of rooftop Cast: & Carry Stargate Store showing solar panel locations
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below lhc single line diagram includes the protection devices that

will be used for safe and smooth operation of the system .• Protections DC Side: String Fuses, Surgc' I'rotcctive Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Br(~aker and Surge Protective Device
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:
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PVSYST V6.40 1 SI131115Power (Pvt) Ltd. 106/06/171 Page 1/4

Grid-Connected System: Simulation parameters

Project; Metro Cash & Carry, Near Airport, Karachi

Situation
Time defined as

GeographicallBitm Cash & Carry, Near Airport, Karachi

Latitude
L,'qal Time

Albedo
Meteo data: Metro Cash & Carry, Near A"poI1. Karachi

Simulation variant:

24.88' N
Time zone UT +5
0.20

Meteonorm 7.1 (2001-2010) - Synthetic

Country Pakistan

Longitude 67.15· E
Altitude 16 ITl

Metro Karachi 2-0

:"II1"oI;)lion date 06i06/1710h51
~---------------------.------------------------------------------_'

Simulation parameters

Collector Plane Orientation

Models used

Horizon

Nea r Sha di ngs

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50 C)
Total area

Inverter
Original PVsyst database

Characteristics

Inverter pack

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

Transposition Perez

FI(~e Horizon

,L..i,:.CUlr:jlll{,jl() strings

M;'ll'lufactUicr
in series

Nil modules
i'~on1H18!(STC)

U mpp
f'\/ln(!Lllt" area

Tilt 2"

Model CS6U - 330P
Canadian Solar Inc.
15 modules
1080
356 kWp
497 V
2100111'

Azimuth 0'

Diffuse Perez, Meteonorm

Electrical effect 100 %

In parallel
Unit Nom Power

At operating cond.
I mpp

Cell area

72 strings
330Wp
319 kWp (50"C)
642 A
1893 m'

Nil ilf inverters 12 units

VVif(A' ~~\300.0 mrrr' 241 III

20.0 davs. 4 periods

Unllll!11eli load (grid)

Model Sunny Tripower 2S000TL-30
Manulacturer SMA

OPPI atlllg Voltage 390-800 V Unit Nom. Power 25.0 kWac

(const) 20.0 W/m'K

Wiring Ohmic Loss Gillin" array res. 14 mohm
LID - Light Induced Degradalion
Module Quality Loss
MOdule Mismatcll Losses
Incidence effect (lAM): User (Ierilled lAM 1",.')1,1('

Total Power 300 kWac

Loss Fraction 3.0 %
Uv (wind) 0.0 W/rri'K I mls

Loss Fraction 1 6 % at STC
Loss Fraction 2.5 %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

System loss factors
Wring Ohmic Loss

Unavailability 01 the system

Use r's nee ds :
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Shams+ower
Near Shading Definition

PVSYST V6.40 SI1Zlt11S Power (Pvt) Ltd

Sy'lel11 type Grid-Connected
ACGUlclirl(j 10 strings Electrical effed

tilt 2" azimuth
Model CS6U - 330P Pnom

NtJ of modules 1080 Pnom total
Model Sunny Tripower 25000TL-30

i% of units 12.0 Pnom total
Ulliurlif(_'d Im-ld (grid)

r------------------------- ----------------------------------------~

Grid-Connected System: Near shading definition

Project:

Simulation variant:

Metro Cash & Carry, Near Airport, Karachi

Metro Karachi 2-0

100%
O·
330Wp
356 kWp
25.00 kWac
300 kW ac

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
tnverter
Inverter pack
User's needs

Perspective of Ihe PV-field and surrounding shading scene

Iso-shadings diagram

l'

Ji
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PVSYST V6.40 I Shams Power (Pvt) Ltd 106/06/17 [ Page 4/4

Grid-Connected System: Loss diagram

Project:

Simulation variant:

Metro Cash & Carry, Near Airport, Karachi

Metro Karaclli 2-0

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
inverter
Inverter pack
User's needs

System type Grid-Connected

ACCOItiHlq to strings
tilt

Model
I-Jt) nf modules

Model
Ntl of units

Ufli!l!:th'd iOi:-l(j(grid)

~------------------------

Electrical effect
2" azirnuth
CS6U - 330P Pnom
1080 Pnom totat
Sunny Tripower 25000Tl·30
12.0 Pnom total

100%
0"
330Wp
356 kWp
25.00 kWac
300 kW ac

Loss diagram over the whole year

1752 k~f\rr' 'rr ITl' CC:

HOrizontal global macranon
.1 3")L Global incident in coil. plane

.0.0% Near Stl8dings: sraorance tess

·2.('% lAM factor on global

_~3.0% Seiling loss factor

Effective Irradiance on collectors

PV conversion

("/' r,_·1:~l Array nominal energy tet STC effie.)
0.5% PV loss due to Irracnance level

Q,O'i{, Shadings: Electrical Loss ace, 10 strings

.;: 0"',\, Module quality lass

·25<)i:, LID· Ught Induced oeqradauon

Module array mrsmetcn loss

Ohmic wiring loss
Array virtual energy at MPP

0.0%

·0.0%
0,0%

0.0%

tnvetter Loss during opera.ron zerticiency)

Inverter loss over oommalmv. power
Inverter Loss; due to power t1lreshOld

Inverter Loss over nominal inv, vcltage

Inverter Loss due to voitage threshold

Available Energy at Inverter Output
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Simulation Results

ShamsPower

PVSYST V640 Shams Power (Pvt) Ltd.

Project:

Simulation variant:

Grid-Connected System: Main results

Metro Cash & Carry, Near Airport, Karachi

Metro .Karactu 2-0

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
Users needs

System type Grid-Connected

According to strings
tilt

Model

Electrical effect 100 %
00
330Wp
356 kWp
25.00 kWac
300 kW ac

Nb of modules
MOdel

Nb of units
Unlimited load (grid)

r---------------------

20 azimuth
CS6U - 330P Pnom
1080 Pnom total
Sunny Tripower 25000TL-30
12.0 Pnom total

Main simulation results
System Production Produced Energy

PerlonnQllce Ratio PR
Specific prod. 1343 kWh/kWp/year478.6 MWh/year

72.32 %

Normallud prcaucuons (per Installed kWp): Nommar power 356 ,",Wp

,.
f

Performance RaUo PR

raerro Karachi 2-0

actances ,md main results

Jarlllilr'\l \"1)

Ff:DtUoi!ry

Match

A.plll
Mil)'
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 356.4 KWp (DC) Solar PV System: USD 427,680

Equity: 100%

Debt: 0%
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems arc exposed to outdoor weather conditions that enhance the aging
process, and the infrastructu re needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development
Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. . Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training

164 I iJ 1( e



ShamsPower
Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water: land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages in comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their main advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 300 kW (AC) rooftop PV system installation at Metro Cash & Carry near Stargate,

Karachi.

Installation of the PV system will result in annual power generation of 478,607 kWh.

The results of the financial analysis rnoicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.
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•

9. FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT METRO CASH & CARRY STORE,

NEAR SAFARI PARK, KARACHI
• SHAMS POWER (PVT) LIMITED
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on the rooftop of Metro Cash & Carry Store near Safari Park, Karachi.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "very good" (1,834 kWh/

square meter/ year). Panel azimuth (90 degrees east/west), panel tilt (2 degrees) and satisfactory

roof condition and structure are also assumed.

• Anticipated System Information: The project will accommodate a 375 kW (AC) solar PV system with

a projected annual production of 593,365 kWh/ year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36

lbs/sqft. The system will offset approximately 210 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 534,600.

Based on the technical and financial analysis, the installation of a 375 kW Solar PV System on the

rooftop of Metro Cash & Carry Store is deemed to be feasible .

•
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Introduction
The project site is the rooftop of Metro Cash & Carry Store near Safari Park, Karachi, Pakistan. Metro

Cash & Carry Store is a double storied commercial building/retail store. The exact coordinates of the

project site are:

Latitude:

Longitude:

24°55'17.60" North

er 6'19.45" East

A bird's eye view of the project site IS given in the figure below:

•

•

; Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption datil, the total electricity consumption during 2016 was 2,629,089

kWh .

•

•
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Technical Analysis

Site Conditions
The following tasks were carried out

• Global Horizontal Irradiation, annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row spacing. tilt angle and appropriate spacing was calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Select
Technology Selection

PV Modules:

tage
ormance

.-
Data
CS6U-330P

-

.- ._--_ .
Polycrystalline -------

Ie 1960*992*40 mm..
22.4 Kg
1350
1.94432 m2

RoofTop

-
Anodized aluminum alloy

ax) 330W
mp) 37.2 V

mp) 8.88 A
-.-~--- _--- ..__--

) 45.6 V
...... ._-_----_._- ..

9.45 A... __ .

16.97%
-40°C ~ +85°C

1000 V (lEe) or 1000 V (UL) or 600 V (UL)
TYPE 1 (UL 1703) or CLASSC (IEC 61730)

•

S. No Specificatio~ __
1 Type of Module
2 Type of_Cell
3 Dimensions of e:
4 Weight
5 No of Modules
6 Module Area
7 Total Land Area
8 Module Frame
9 Nominal Max. P

....

10 Opt. Operating
11 Opt. Operating

12 Open Circuit Vol-_ .. ,_

13 Short Circuit Cur
14 Module Efficienc
15 Operating Temp

16 Max. System Vol
17 Module Fire Perf

ach modu

Used

ower (Pm
.. .

Voltage (V
Current (I

tage (Voc
rent (Isc)
y
erature

PV Array

tring j_;~t_a'~ '__~ ____J

S. No Specification

1 No of Strings
---

2 Modules in S

--_ ..
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PV Capacity

_._.

S. No Specification

1 Total Site

2 Net Capacity Factor

Inverters

S. No Specification
..

1 Manufacturer
2 Capacity of each
3 No of Inverters
4 MPP Input Volta~.
5 Rated Input Volta
6 Max Input yoltag
7 Total Power (AC)
8 Max Input Curren
9 Max Output Cum
10 Output Electri~al
11 AC Nominal Volta

..-
12 Rated Power Freq
13 Efficiency
14 Relative Humidity
15 Noise Emission
16 Degree of Protect

Junction Boxes

S.No Specificatio

-.----.-
1 Number of J---_._ .._

2 Input circuit

3 Max. input c

4 Protection L

5 Over current

6 Surge pratec

n

/Box units

5 in each box

Unit

c Rang
ge
e

t Input
~nt
System
gc
uoncv

ion

ShamsPower

-_"_-
Data

----._ ..

445.5 KW Peak
18.10%

SMA._--_,

25 KW
15

e 390 V to 800 V
600V
1000 V

. ---. ----,-- "_-_.__- __ ----_._---
375 KW--_._-

A/Input B 33A/33A
36.1 A
3 Phase AC (4 Wire)
230/400 V
50 Hz-------,._ ..------_.
98.3%

andensing) 100%
51 dB{A)
IP65

(Non-C

Data

....--- ....-----------------1
30
3

......------+----.-------------1
urrent tor each circuit

evel

protection

tian

PV Mounting Structure
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.-

S. No Specification

...._-_ ..

1 Structure ---,_
2 Tilt of Array F

..... _-- ._ .._- ._-----_._-------------,
Data

2° (In line with shed rooftop)
Aluminum

rame

Data Collecting System

S. No

Continuous on-line logging and
monitoring over web portal

Specification Data

1 System Data

Solar PV Yield Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the
site. PvSyst software is used for simulation and near shading analysis.

Working Conditions: Zero Export

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of inverter AC output is implemented in reference to energy

flow at grid connection point wnich will reduce inverter AC output of the inverter if site load

will be less than the solar production.

Pia nt Characteristics
Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp
following grid disturbance or normal connection, voltage regulation and frequency response.
There are no additional control metering and instrumentations.

Design Parameters
The following tasks were carried out for PV layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for PV development

• Designing row spacing to provide proper maintenance space.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource

• Module cleaning strategy
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• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. The optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 2D view in the following section.

layout
The detailed layout (2D and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

Figure 3et: If.": roo/top of Metro Cash & Carry Safari Store

•
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I

e.

o

o

•

•

•
Figure 35.' 20 tovout oj rooiu». .J; [..,1('[10 Cash 8. Corry Safari Store showing solar panel locations
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Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches
• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. The single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surge Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device

•



•
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:

•
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Simulation Parameters

105/06/171 Page 1/5PVSYST V6.40 I S!,ams Power (Pvt) Ltd.

Grid-Connected System: Simulation parameters

Project:

Geographical Site

Situation
Time defined as

Metro Safari Store. Karachi

Metro Safari Store, Karachi

Latitude
Legal Time

Albedo

24.92' N
Time zone UT +5
0.20

country Pakistan

Longitude 67.10' E
Altnude 46 m

Meteo data: Metro Safari Store, Karachi Meteonorm 7.1 (2001-2010) - Synthelic

Simulation variant: Metro safari 2-ElW

Sl[nulaliol1 date 05/06/17 15h19

Simulation parameters

Z orientations

Models used

r,lls!AzI[nuths 2'/-90' and 2'/90'

Transpositlon Perez Diffuse Perez. Meteonorm

Horizon

Etectrical effect 100 %Near Shadings

PV Arrays Characteristics (Z kinds of array defined)
PV module Si-poly Mo(jel CS6U - 330P

Custom parameters definilion M"rlulacturer Canadian Solar Inc.
Sub-array "Sub-array #1" Orientation #2 TiltJAzimulh 2'/90'
Number of PV modules In series 15 modules In parallel 54 slrings
Total number of PV modules Nb modules 810 Unit Nom. Power 330Wp
Array global power '·Jorrllnal (STC) 267 kWp At operating condo 239 kWp (50'C)
Array operating characteristics (50'C) U mpp 497 V I mpp 481 A

Sub-array "Sub-array #2" Orientation #1 TiltJAzimuth 2'/-90'
Number of PV modules In series 15 modules In parallel 36 strings
Total number of PV modules Nt) modules 540 Unit Nom. Power 330Wp
Array global power "JOIl1111~1(STC) 178 kWp At operating condo 160 kWp (50'C)
Array operating characteristics (50'C) U mpfl 497 V I mpp 321 A

Total Arrays global power '~i)rnll1al (STC) 446 kWp Total 1350 modules
M()dule area 2625 m' Cell area 2366m'

Inverter Model Sunny Tripower 25000TL-30
Original PVsyst database f.,,1']lllltactlrrer SMA

Characteristics Op'''ilI1l10 Voltage 390-800 V Unit Nom. Power 25.0 kWac

• Sub-array "Sub-array #1" r~b. of inverters 9 units Total Power 225 kWac
Sub-array "Sub-array #2" Nb. Of inverters 6 units Total Power 150 kWac

Total Nb. of inverters 15 Total Power 375 kWac

PV Array loss factors

Array Soiling Losses Loss Fraction 3.0%
Thermal Loss ractor Uc (const) 200 W/m'K Uv (wind) 0.0 W/m'K I mls

Wiring Ohmic Loss Array#1 10 mOhm Loss Fraction 0.9 % at STC
Array#2 10 mOhm Loss Fraction 0.6 % at STC

Global Loss Fraction 0.7 % at STC
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PVSYST V6.401 Shams Power (Pvt) Ltd.~ ~ -- 105/06/171 Page 2/5

Grid-Connected System: Simulation parameters (continued)

LID - Light Induced Degradation
Module Qualily Loss
Module Mismatch Losses
Incidence effect (lAM): User dcfinecll;\M ",,,'Ilc'

1 10' 1 20' 1 .'0 1--<-)-'--1-5-0'-'--1-6-0'-'--1-7-0'-'--1-60-'-'--1-90-'--'1

Loss Fraction 2.5 %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

1'--.:.0.:..99.:.:6'--..II __ .:.:0..:.:998:::..._-'----I_o"'.9"'9,,;'. _.....J..J. : 092 I 0966 I 0.970 I 0.917 I 0.763 I 0.000 I

System loss factors
\/\/iring Ohmic Loss

Unavailability of the system
"'-/"e" 3x500.0 mm' 294 m

o (jays. 4 periods

Loss Fraction 3.0 % at STC

Time fraction 5.5 %

User's needs: Ullli,lliteli load (grid)
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Near Shading Definition

PVSYST V6.40 Shams Power (Pvt) Ltd.

100 %

330Wp
446 kWp
25.00 kWac
375 kW ac

Grid-Connected System: Near shading definition

Project:

Simulation variant:

Metro Safari Store, Karachi

Metro safari 2-E/W

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

System type Grid-Connected

Accu"Jillq to strings Electrical effect
2 orrentations Tilt/Azimuth = 2'/-90' and 2°/90"

Model CS6U - 330P Pnom
I·ltl modules 1350 Pnom 101al

Model Sunny Tripower 25000TL-30
NI). of units 15.0 Pnom total

Unllff!iieri load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram
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ShamsPower

SI13111S Power (Pvt) Ltd. 105/06/171 Page 5/5

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Metro Safari Store. Karachi

Metro safari 2-E/W

Main system parameters

NearShadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

System type Grid-Connected

Etectrical effect
Tilt/Azimuth = 2'/_90° and 2-/90-
CS6U - 330P PI10fTl
1350 Pnom total
Sunny Tripower 25000TL-30
15.0 Pnom total

100 %.::"C(O!cJlflq to strings
.nientattons

Model
i'Hi \)t modules

Model
f·jIJ. of units

Unrnu.tcr! lo;.]cl (gri(j)

-------------------------------------i

330 Wp
446 kWp
25.00 kWac
375 kW ac

Loss diagram over the whole year

'l726 kV,,1\ r- '\' coli

,

Horizontal global irradiation
'-0,1% Global Incident in coli. plane

" NO.4% Near Shadings' lrraciance loss

:. ·2.6'l(: lAM factor on global

-30% Soiling 105S factor

Elfeclive irrediance on collectors

PV conversion

Array nominal energy (at STC effie.)
o 5'~', PV loss cue to irrad.ance level

* 1 1.1 (JI., PV loss due 10 tempe: ature

- 0.3% Shadings: Electrical Loss ace. to strings

Module quality loss

LID· Light induced degradation

Module array mismatch loss

OhmIC wiring IOS6

Array virtual energy at MPP

·10%
-05%

23% Inverter Loss d~lring operation (emciency)

Inverter Loss eve r nomina! mv. power

Inverter Loss dlle to power t'lreshold

Inverter loss oyer nominal inv. voltage
Inverter Loss due tc voltaqe t!1,.e~.hold
Available Energy at inverter Output

'0.0%
0.0%
O.O'j~
0,0%

1.4";j,

System unavailatsbty

AC obnuc !OSS

Energy injected into grid



Simulation Results
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PVSYST V6.40 Shams Power (Pvt) Ltd.

Project:

Simulation variant:

Grid-Connected System: Main results

Metro Safari Store, Karachi

Metro safari 2-EJW

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

Syslem type Grid-Connected

100 %According to strings
2 orientations

Model
Nt) of modules

Model
Nb. of units

Unlirnlled load (grid)
~------------------------ --------------------------------------------~

Main simulation results
System Production Produc ed Energy

Pertor.nance Ratio PR

Normalized producttons {per Installed kWp)' NOIrlIfI:iI II()W<!I 4J.6 kWp

Electrical effect
Tut/Aztrnuth = 2'1-90' and 2'/90'
CS6U - 330P Pnom
1350 Pnom totat
SLlnrlY Tripower 25000TL-30
15.0 Pnorn total

330 Wp
446 kWp
25.00 kWac
375 kW ac

593.4 MWhfyear
72.56 %

1332 kWh/kWp/yearSpecific prod.

Performance- Rallo PR

M~"o safari '2,.E/W

BJiMlCtS and main results

G!ollHor C:':':H:l 1 ,'1.(110 Globll'lc GlobEI1 EArraV e,Grid P'
h\~"'" .<"., I(A'1"1./I)"· ~""

Jan\Uty ceo! I!) 5~: I:hlS 11,s4 4S~ .UP7 0'80
F8br~ry l]t),', 2.? ~1 1,270 119.3 45113 QJ,5l 0170
March 1':';~ ;' :::641 1644 le.47 50"" '54,.J3S O.74~
ApI'll 1,·,:; 18~\ '" 173,\ 62.15 4"~ 06\1
Mny 19)0 1$OB d54.'i tl2.1,)I} 0.730

June ;0 1 B ~ , 171)1;1 " .. 5~f.I} (17)6

JUIV 1.:;'(, -;:) :~ 1 1.J{tO 1.';I!Y.O :':111M 4~(f} 07 ...

Auglliu ,,,nl .ae s ~,I as '\\l!1I'I 000'
5tI,:)tl!moer ~('-'f .. H:.1IH I ~'d '?- '::>€i;n se o.a 0746

OctQ~l'l 1:;r,.P lS(1.5 ':A.!5 52,7,3 07.10

NOv,)mool 1 :~" 5 11 '.~'-' 4:164 " ,',\ (,100

Ooc,mtHtr "", :r,': tG..: ~ 4024 ':-.8~ ('-'--:'.1
"(Po,1! .". IW:.·;·_' :::;i;,,' ~/.:; "r; "-'~.1

:..~\~Jl<h G-Ia;;.- ~;< Ft't<1'ClI"" (;~,b,1 '1M ,.r,,~l'.MHdll"l\}5

r-e.«. ;;,(t;,{'1\1' IJl\;"'iiY .:H:!,f' ,)',lli),,1 (II the all~'i

Er:t'"rg~ "iW~·It.',j <Ill;) !,i1<{1

PR Pl!'lh;'rma~iI' R<lt.c
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Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 445.5 KWp (DC) SOIM PV System: USD 534,600

Equity: 100%

Debt: 0%
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Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and Rood grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and maintenance concerns for solar power systems will be addressed
properly. These systems arc exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be availablefor operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development
Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety andfirefighting training
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Environmental Aspects
Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages In comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their mam advantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transm ission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 375 kW (AC) rooftop PV system installation at Metro Cash & Carry near Safari Park,

Karachi.

Installation of the PV system will result in annual power generation of 593,365 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis. the project is deemed to be

viable.
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10. FEASIBILITY STUDY FOR ROOFTOP SOLAR
INSTALLATION AT AKZONOBEL PAKISTAN, LAHORE

Shams Power (Private) Limited
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EXECUTIVE SUMMARY

The feasibility study examines the costs, practicality, and likely outcome of a solar photovoltaic (PV)

installation on multiple rooftops and car parking of Akzonobel, Lahore.

The main outcomes of the feasibility report are given below:

Technical Site Analysis: The project site is suitable for a solar PV energy system. For the purpose of

estimation of power generation potential, solar insolation is assumed to be "good" (1,719 kWh/

square meter/ year). Panel azimuth (/0, ! 10,20 degree), panel tilt (8 degrees) and satisfactory roof

& ground condition and structure arc also assumed.

Anticipated System Information: The project will accommodate a 400 kW (AC) solar PV system with

a projected annual production of 559,040 kWh/year. Use of a Canadian Solar Inc. CS6U - 330P (330

watt) PV panel as a basis for design will result in an acceptable system weight density of 2.36 Ibs/SF.

The system will offset approximately] 90 tons of carbon dioxide annually.

Financial Analysis: The project will be financed on a 100% equity model. The total estimated project

cost is USD 549,648.

Based on the technical and financial analysis, the installation of a 400 kW Solar PV System on the

rooftop and Car Parking of Akzonobel IS deemed to be feasible.
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Introduction
The project site is the rooftop of Akzonobel, Lahore. Pakistan. Akzonobel area has multiple building

blocks, sheds and parkings. The exact coordinates of the project site are:

Latitude:

Longitude:

31°28'38.70" North

74°20'27.63" East

A bird's eye view of the project site is given in the figure below:

Overview of Project Site
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Current Energy Demand and Supply Situation

As per the historical consumption data, the total electricity consumption during 2016 was 1,804,789
kWh,

Details of electricity generation/supply sources during this period are given below:

• Electricity imported from the national grid is 1,504,000 kWh

• In-house power generation from Diesel Generators is 300,789 kWh
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Technical Analysis

Site Conditions
The following tasks were carried out

ShamsPower

• Global Horlzontal lrradiation. annual and inter-annual variation was assessed.

• Near shading objects were taken into account for placement of PV modules.

• Area required for selected module technology was calculated. Keeping in view available area
and minimum inter row shading, tilt angle and appropriate spacing was calculated from near
shading objects.

Details of the finalized parameters are given under section 3.5.1

Technology Review and Sel
Technology Selection

PV Modules:

S. No Specification

1 Type of Modul

2 Type of Cell

3 Dimensions of

4 Weight

5 No of Modules

6 Module Area.-
7 Total Land Are

8 Module Frame

9 Nominal Max.

10 Opt. Operati~

11 Opt. Operati n

12 Open Circuit V

13 Short Circuit C

14 Module Efficie

15 Operating Tem

16 Max. System V

17 Module Fire Pe

e

each m

a Used

Power (

g Voltag

g Cu rr e

oltage (

urrent (

ncy

peratu

oltage

rforma

PV Array

-_.

S. No Specification

..

1 No of Strings

2 Modules in Stri ng

-
Data._---
CS6U-330P

Polycrystalline
-"

odule 1960*992*40 mm
..

22.4 Kg
----

1388
----

1.6368 m2

Roof Tops, Sheds and Car Parking (2698 m2)
... _-------

Anodized aluminum alloy
-- -------_.

Pmax) 330W

e (Vmp) 37.2 V

nt (Imp) 888 A

Voc) 4S.6 V

Isc) 9.45 A

16.97%
,0'

re -40·C ~ +85·C

-_.

1000 V (lEe) or 1000 V (UL) or 600 V (UL)

nce TYPE1 (UL 1703) or CLASSC(IEC61730)
- _._-_

Data
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PV Capacity

--
S. No Specification

1 Total Site

2 Net Capacity Factor

Inverters

S. No Specification

1 Manufacturer

2 Capacity of ea

3 No of Inverter

4 MPP Input Vol

5 Rated Input V

6 Max Input Volt

7 Total Power (A

8 Max Input Cur

9 Max Output C

10 Output Electri

11 AC Nominal V

12 Rated Power F

13 Efficiency

14 Relative Humi

15 Noise Emission

16 Degree of Prot

ch Unit

s
tage f{a n

oltage

age
C)
rent fnpu

urrent

cal System

oltage

requency

ecti on

DC Protection

S. No Specification

1 Number of Fu

2 DC Surge Prot

3 Max. input cur

ses per

ection

rent fa

PV Mounting Structure

S. No Specification

1 Structu re
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Data

458.04 KW Peak
15.95%

.. --..~----.

--------

....
SMA

25 KW

16

ge 390 V to 800 V

600 V
--

1000 V

400 KW

t A/Input B 33A/33A

36.1 A
---

3 PhaseAC (4 Wire)
- -

230/400 V

50 Hz

98.3%
- ----------- ---- -~-

~Condensing) 100%

51 dB(A)

IP65

Data

fnverter 12 (SMA Infine Fuses)

>1000V Integrated (SMA)

r each circuit 15A

-

------~----- ----- .._ ..
Data

GaJVanize-d-S-te-e-1---------1
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'--_2_---'I_T_i_lt_o~~~~~y Fram e

Data Collecting System

S. No Specification

Continuous on-line logging and
monitoring over web portal & LAN

Data

1 System Data

Solar PVYieid Estimation and Simulation

The aim of yield estimation is to predict the average annual energy output of the

site. PvSyst software is used for simulation and near shading analysis.

Working Conditions

The solar system will have automatic mechanism to ensure that PV power currently

generated by the inverters always matches the current power consumption of the site load.

A closed loop control system of Inverter AC output is implemented in reference to energy

flow at grid connection point which will reduce inverter AC output of the inverter if site load

will be less than the solar proouction in case of Load shedding.

Plant Characteristics
Generation Voltage: 230/400 V three phase four wire system
Power Factor at rated power: 1
Frequency: 50 Hz
Generation characteristic: Inverter has built-in features of controllable active power ramp following

grid disturbance or normal connection, voltage regulation and frequency response. There
are no additional control metering and instrumentations.

Design Parameters
The following tasks were carried out for I'V layout and shading.

• Assessment of shading (horizon and nearby building)

• Outline layout of area suitable for I'V development

• Designing row spacing to reduce Inter-row shading and associated shading losses.

• Designing the layout to minimize cable runs and associated electrical losses

• Creating access routes and sufficient space to allow movement for maintenance purposes

• Choosing a tilt angle that optimizes the annual energy yield according to the latitude of the
site and the annual distribution of solar resource

• Module cleaning strategy
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• Simulating the annual energy losses associated with various configurations of tilt angle,

orientation and row spacing. 1 he optimized configuration and simulation results are given in
section "Energy Yield Prediction"

• PV layouts of the site are given in 3D and 2D view in the following section.

layout
The detailed layout (2D and 3D) of the solar panels is given below. PV layout may change depending

upon site constraints before or during installation. PvSyst simulation is also performed as per

following layout:

Figure 3,';.';0 "yout oj PV Plant at Akzonobel Lahore
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ShamsPower

/.l<zonobel Lahore showing PV Panel Locations

Electrical Design
The electrical system comprises the following components:

• Array(s) of PV modules

• DC/AC cabling (module, string and main cable)

• DC connectors (plugs and sockets)

• Junction boxes

• Disconnects/switches

• Protection devices e.g. fuses, surge protective devices, beakers

• Energy Metering

• Earthing

The single line diagram is given below. Ihe single line diagram includes the protection devices that

will be used for safe and smooth operation of the system.

Protections DC Side: String Fuses, Surgt: Protective Device and DC Disconnect Switches

Protections AC Side: MCBs, Main Breaker and Surge Protective Device
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)MCB'2 )MCB-N

~- ------------ _---_j
i
) Main Breaker
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Energy Yield Estimation
The energy yield prediction provides the basis for calculating project revenues. The aim is to predict

the average annual energy output for the lifetime of the proposed power plant.

To estimate accurately the energy produced from a PV power plant, information is needed on the

solar resource and temperature conditions of the site. Also required are the layout and technical

specifications of the plant components.

A number of solar energy yield prediction software packages are available in the market. These

packages use time step simulation to model the performance of a project over the course of a year.

PvSyst software has been used for energy yield prediction for this site and its results are given

below.

Details of the simulation steps are presented in the following sections:

Akzonobel Lahore has concrete rooftops, Sheds and Car Parking. Various Small systems are then

combined to sum the total energy to inject in the Local LT system. PvSyst software simulate limited

different orientations in single variant. Therefore, simulation is also done separately for these

different building blocks and car parking.
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.-...---------------------r---.-----,
PVSYST V6.40 1 1291061171Page 114
1------''--------- ----.---.---------------'-----'----1

Grid-Connected System Simulation parameters

Project:
Geographical Site

Situation
Time defined as

Akzo Nobel Pakistan

Akzo Nobel Pakistan

Latitude
Lenal Time

Albedo
Azko Nobel Pakistan

Country

Longitude
Altitude

31.47' N
Time zone UT +5
020

Meleonorm 7.1 - Synthetic

Pakistan

74.33' E
212 In

1--------------- -------------------------------1
Meteo data:

Simulation variant: area 31 a
'-'''lIulation date 29106/17091109

1------------_._ ...-..----------------------------1
Simulation parameters

2 orientations

Models used

Horizon

Near Shadings

T,II';:Azillluths 8"1-20' and 8'1160'

Transposition Perez

FfPr; Horizon

;"',(:con.)illq to strings

Ditfuse Perez, Meteonorm

Electrical effe~1 100 %

Model CS6U - 330P
Canadian Solar Inc.
15 modules
90

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50 C)
Total area

'JOln1l181 (STC) 29.70 kWp
U mpp 497 V

175 m'

In parallel
Unit Nom. Power

At operating condo
I rnpp

Cell area

Inverter
Original PVsyst database

cnaraoensucs
Inverter pack

Model
jIJ1"111u!acturer

ClI" ""111,-/ Voltage

.rinvorters 1 units

6 stlings
330Wp
2660 kWp (50'C)
53 A
158 m'

Sunny Tripower 2S000TL-30
SMA
390-800 V Unit Naill. Power 25.0 kWac

SI-pUli
M;llllifacturer

In series
Nil modules

PV Array loss factors

Array Soiling Losses
Thermal Loss factor Uc (const)

Total Power 25 kWac

29.0 Wlm'K
Loss Fraction

Uv(wind)

VViling Ohmic Loss GlntJal array res 157 monm
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Incidence effect (lAM)' User defined lAM pi I, ·ili·

3.0%
0.0 W/m'K I mls

Loss Fraction 1.5 % at STC
Loss Fraction 1.1 %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

I
10'

I
20"

I
30 ·-·I~-=-;' I

50"

I
6C'

I
70~

I
80"

I
90"

I0.ll98 0_9!J8 O!Y( i :::':<'<" o ose 0,9'10 0,917 0163 0.000.." ...•.

System loss factors
Wiring Ohmic Loss

Unavailability of the system

/"",,- >!6 0 01111' "144 rn

1,1y" 4 penods

User's needs: Ulli!!l iitt::cJ ioao (grid)
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PVSYST V6.40 1 129/06/171 Page 1/4
1---------'------- ..- ----------------"-----'-----1

Grid-Connected System Simulation parameters

Project:
Geographical Site

Situation
Time defined as

Akzo Nobel Pakistan

Akzo Noll,,1 Pakistan Country Pakistan

Longitude 74.33" E
Altitude 212 III

Latitude 31.4T' N
Legal Time Time zone UT+5

Albedo 0.20
Azko Nobel Pakistan Meteonorrn 7.1 • SynthelicMeteo data:

Simulation variant: area 31 b

SlinulaliOn date 29/06/17 09h27
f-----------.-.- -.--------------------j

Simulation parameters

2 orientations

Models used

Tilis/Azimulhs 8"170' and 8°1.110"

Transposition Perez Diffuse Perez, Meteonorm

Horizon F! l~e Horizon

Near Shadings Electrical effect 100 %

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operaling characteristics (50"C)
Total area

51-poly Model CS6U· 330P
Manufacturel Canadian Solar Inc.

In series 17 modules
Nt) modules 68

f JOI11I1WI (STC) 22.44 kWp
U mpp 564 V

rvloclule area 132 m'

In parallel
Unit Nom. Power

At operating condo
I mpp

Cell area

4 strings
330 Wp
20.10 kWp (50'C)
36A
119 m>

Inverter
Original PVsyst database

Characteristics

lnvcner pack

Model Sunny Tripower 25000TL-30
Mallufacturer SMA

Orklalillq Voltage 390·800 V Unit Nom. Power 25.0 kWac

r·~t) inverters 1 units Total Power 25 kWac

PV Array loss factors

Array Sailing Losses
Thermal Loss factor UG (const) 29.0 W/m'K

Loss Fraction 3.0 %
Uv (wind) 0.0 W/m2K I mls

Loss Fraction 1.5 % at STC
Loss Fraction 2.5 %
Loss Fraction 2.0 %
Loss Fraction 1.0 % at MPP

Wiring Ohmic Loss ;J1I;iy res 266 monrn
LID· Light Induced Degradation
Module Quality Loss
Module Mismalch Losses
Incidence cffcci (lAM): User defined lAM plilnle

I 10" I ~O" I 30' I .._.,'0 L 50' I 60' I 70' I 80' I 90" I
I 0.998 I 0.998 I O,g£I~; J. '_:.~192 I 0986 I 0.970 I 0.917 I 0.763 I 0.000 I

Unavailability of the system 34 0 c!;·rys 4 periods Time fraction 9.3 %

Use r's needs: UlillIlIIlecl load (grid)
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Grid-Connected System: Simulation parameters

Project:

Geographical Site

Situation
Time defined as

Akzo Nobel Pakistan

Akzo Nobel Pakistan

Latitude
,-eqal Time

Albedo
Meteo data:

31.47' N
Time zone UT +5
0.20

Country Pakistan

Longitude 74.33· E
Altitude 212 m

Simulation variant: fg & new fg

Azko Nobel Pakistan Meteononn 7.1 - synmeuc

Simulation parameters

2 orientations

Models used

Horizon

Near Shadings

s.mulauon date 03/07/1710h41

Tilts/Azimuths 8"/70" and 8"1·110·

Transposition Perez

Free Horizon

ACCQrCllllq10 strings

PV Arrays Characteristics (2 kinds of array defined)
PV module SI-poly Model

Custom parameters definition Mililufacturer
Sub-array "tg sheds" Mixed orient.
Number of PV modules In series
Total number of PV modules
Array global power
Array operating characterislics (50 "C)

Sub-array "new fg"
Number of PV modules
Total number of PV modules
Array global power
Array operaling characteristics (50"C)

Total Arrays global power

Inverter
O'iginal PVsyst database

Characteristics

Sub-array "Ig sheds"
sub-array "new Ig"

Total

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

Wiring Ohmic Loss

LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses

201 I P d g t'

(\JI).lIlO(Juies
Nl)rnin~1 (STC)

U mpp

Mixed orient.
In series

Nt> modules
Nominal (STC)

U mpp

Diffuse Perez, Meteonorm

Electrical effect 100 %

CS6U - 330P
Canadian Solar Inc.
#1/2 313 strings
15 modules
90
29,70 kWp
497 V

Till/Azimuth
In parallel

Unil Nom. Power
At operating cone.

l rnpp

#1/2: 212 strings
15 modules
60
19,80 kWp
497 V

Till/Azimuth
In parallel

Unit Nom. Power
At operating cone,

I mpp

NOITIInal (STC) 50 kWp
Module area 292 m'

8'170',8'/·110'
6 strings
330Wp
26 60 kWp (50·C)
53 A

8°/70',8./-110'
4 strings
330Wp
17.73 kWp (50·C)
36A

Total 150 modules
Cell area 263 In'

Model Sunny Tripower 25000TL·30
M~llufacturer SMA

Opc'ratllHI Voltage 390-800 V Unit Norn. Power 25.0 kWac

Nt) of inveiters 2

~,l) otinverters 1 units
'\it:' I")f inverters 1 units

Total Power 25 kWac
Total Power 25 kWac

Total Power 50 kWac

Loss Fraction 3.0 %
Uc (const) 20.0 W/m'K Uv(wind) 0.0 W/m'K 1 m/s

Array#l 160 mOhm Loss Fraction 1.5 % at STC
Anay#2 192mOtll11 Loss Fraction 1.2 % at STC

Global Loss Fraction 1.4 % at STC
Loss Fraction 2.5 %
Loss Fraction 2.0%
Loss Fraction 1.0 % at MPP
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Grid-Connected System: Simulation parameters

Project: Akzo Nobel Pakistan

Geographical Site Akzo Nobel Pakistan Country Pakistan

Situation Latitude 31.47' N Longitude 74.33' E
Time defined as Legal Time Time zone UT+5 Altitude 212m

Albedo 0.20
Meteo data: Azko Nobel Pakistan Meteonorm 7.1 . Synthetic

Simulation variant: AkzoNobel Parking

Simulation date 03/07/17 11h02
~---

Simulation parameters

2 orientations lllL/Azilfluths 5"/70" and 5"1· 110'

Models used Transposition Perez Diffuse Perez, Meteonorm

Horizon FI"c Horizon

Near Shadings Accolcill1(l to strings Electrical effect 100 %

PV Arrays Characteristics (2 kinds of array defined)
PV module Si·poly Model CS6U - 330P

Custom parameters definition Manufacturer Canadian Solar Inc.
Sub-array "Sub-array #1" Orientation #1 TilVAzimuth 5'/70'
Number of PV modules In series 15 modules In parallel 36 stnnqs
Total number of PV modules NI). 'modules 540 Unit Nom. Power 330Wp
Array global power Nominal (STC) 178 kWp At operating cone 160 kWp (50'C)
Array operating characteristics (50"C) U mpp 497 V I mpp 321 A

Sub-array "Sub-array #2" [>.1,x8ej orient. #1/2: 4/14 strings TilVAzlmuth 5"/70e
, 5'1·110"

Number of PV modules In series 15 modules In parallel 18 strings
Total number of PV modules Nr) modules 270 Unil Nom. Power 330Wp
Array global power r 10111111,11(STC) 89,1 kWp At operating condo 79.8 kWp (50'C)
Array operating characteristics (50 C) U IllPP 497 V I mpp 160A

Total Arrays global power Nominal (STC) 267 kWp Total 810 modules
Module area 1575 m2 Cell area 1420 m2

Inverter Model Sunny Tripower 2S000TL-30
Onginal PVsyst database Manufacturer SMA

Characteristics Operallng Voltage 390·800 V Unit NOITI. Power 25.0 kWac

Sub-array "Sub-array #1" ~ib of inverters 6 units Total Power 150 kWac
Sub-array "Sub-array #2" Nt) of Inverters 3 units Total Power 75 kWac

Total Nn. of inverters 9 Total Power 225 kWac

PV A rray loss factors

Array Soiling Losses Loss Fraction 3.0%
Thermal Loss factor Lie: (const) 29.0 W/ITI'K Uv (wind) 0.0 W/m'K I rn/s

Wring Ohmic Loss Array#1 26 mOhm Loss Fraction 1.5 % at STC
Array#2 52 monm Loss Fraction 1.5 % at STC

Global Loss Fraction 1.5 % at STC
LID· Ught Induced Degradation Loss Fraction 2.5 %
Module Quality Loss Loss Fraction 2.0%
Module Mismatch Losses Loss Fraction 1.0 % at MPP

203 I P age
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PVSYST V6.40

Grid-Connected System: Simulation parameters (continued)

Incidence effect (lAM): User defined lAM plOflle

System loss factors
Wring Oh mie Loss

Unavailability of the system

Wi,ls 3x240.0 rnrn" 235 In

3" 0 navs. 4 periods

Loss Fraction 3.0 % at STC

Time fraction 9.3 %

User's needs: Ulllllllilhi IOi1d (orid)

204 I F' a g.:.,.
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Grid-Connected System Simulation parameters

Project:

Geographical Site

Situation
Time defined as

Akzo Nobel Pakistan

Akz o Nollel Pakistan

L8111ude
._eqal Time

Albedo

31.47' N
Time zone UT +5
0.20

Country Pakistan

Longitude 74.33" E
Altitude 212 m

Meteo data: Azko Nobel Pakistan Meteononn 7.1 _ Synthetic

Simulation variant: Prodcution hall

SII!1ulalion date 03/07/1710h26

Simulation parameters

Collector Plane Orientation

Models used

Horizon

Till 8" Azimuth _200

fl'" isposuion Perez Diffuse Perez, Meteonorm

Ff('{.l Horizon

10 slrillgs Electrical effect 100 %Near Shadings

PV Array Characteristics
PV module

Custom parameters definition
Number of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50"C)
Total area

31'1,,:ly Model CS6U - 330P
M'''HIIacturer Canadian Solar Inc.

In series 15 modules In parallel 18 strings
Nil. modules 270 Unit NOIll. Power 330Wp

Nomillal (STCj 89.1 kWp AI operating cond. 79.8 kWp (50'C)
U mpp 497 V I mpp 160 A

Module area 525 m' Cell area 473 m'

Model Sunny Tripower 2S000TL-30
Mallufacturer SMA

OperMing Voltage 390-800 V Unit Nom. Power 25.0 kWac

Nt) of inverters 3 units Tolal Power 75 kWac

Loss Frnction 3.0 %
uc (const) 29.0 W/Ill'K Uv (wind) 0.0 W/m'K I mls

'.:';1 If):11 ,·)rr;'lY res, 52 monm Loss Fraction 1.5 % at STC
Loss Fraction 2.5 %
Loss Fri1ction 2.0%
Loss Fraction 1.0 % at MPP

Inverter
Original PVsyst database

Characteristics

Inverter pack

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

Wiring Ohmic Loss
LID· Light Induced Degradation
Module Quality Loss
Module Mismatct: Losses
Incidence effect (lAM): User (Iefinotl lAM ",,,Iill

....... -.- ..

I II()"' 50'

()~J;2 I 0.986 I
80' I 90' I50' I 70' I10' 20' ,%

0.970 I 0.917 I 0.763 I 0.000 I0998 0.998

System loss factors
VIIIring Ohmic Loss

Unavailability of the system

Wllh 3x50.0 mm" 138 rn

}.J 0 days. 4 periods

Loss Fraction 2.8 % at STC

Time fraction 9.3 %

'-------------_ .......
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PVSYST V6.40

Grid-Connected System: Simulation parameters (continued)

User's needs: UnlU1H8Ci load (grid)

206 I P d II, e
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Near Shading Definition

ShamsPower

PVSYST VS.40

Project:

Simulation variant:

Grid-Connected System: Near shading definition

Akzo Nobel Pakistan

area 31 a

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Users needs

Syslern Iype Grid-Connected

ACC-Of<.ilflq to strings
2 ouentations

Model
C·II) modules

Model
UIl'"".led luad (grid)

Eleclrical effect
TilUAzimulh = 8'/-20' and 8'/160'
CS6U - 330P Pnorn
90 Pnom total
Sunny Tripower 25000TL·30

100 %

330Wp
29.70 kWp
25.00 kW ac

Perspective of the pV.field and surrounding shading scene

207 I;' (,.

Iso-shadings diagram
Aklo NObal PaKistan
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PVSYST V640

Project:

Simulation variant:

Grid-Connected System: Near shading definition

Akzo Nobel Pakistan

area 31 b

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
User's needs

System type Grid-Connected

Accordinq to strings
2 01 ientations

Model
01 modules

Model
UIlI""IWli 108(t(grid)

~----------------------.

Electrical effect
TilUAzimuth = 8'/70' and 8'/-110'
CS6U - 330P Pnom
68 Pnom total
Sunny Tripower 25000TL-30

Perspective of the PV-field and surrounding shading scene

100%

330Wp
22.44 kWp
25.00 kWac

Iso-shadings diagram
AlllO NObo! P<1"J1itlln

208 I d;:"
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ShamsPower

PVSYST V6.40

Grid-Connected System: Near shading definition

Project:

Simulation variant:

Akzo Nobel Pakistan

fg & new 19

System type Grid-ConnectedMain system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

Electrical effect
Tilt/Azimuth = 8"/70· and 8·/-110'
CS6U - 330P Pnom
150 Pnom total
Sunny Tripower 25000TL-30
2.0 Pnom total

Accol(iing to strings
2 orientations

Model
~Jt)of modules

Model
Nb. of units

UfllliflItC'(tload (grid)
~------------------------

Perspective of the PV·field and surrounding shading scene

100 %

330Wp
49,5 kWp
25.00 kWac
50.0 kWac

Iso-shadings diagram
Akzo Nobel Pakistan

1.;;>2 .......
l: 22IN) ·23rJ.~
)';:Oot!W-:3..,.
.,:xltNtr·2l~
a- ;?1 ftO . nOd.
$,IQj.,-2l_7.2111..., __

~'IJ

=..:...._-;-_....c-:';:- __ +l.<:-:._."7......l._:..>.-:':::-_'I~l'r~""
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PVSYST V6.40

Grid-Connected System: Near shading definition

Project:

Simulation variant:

Akzo Nobel Pakistan

AkzoNobel Parking

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

System type Grid-Connected

100 %to strings
2 orientations

Model
Nil. 01 modules

Model
Nb. of units

Unlin"tcd load (grid)

Electrical effect
Tilt/Azimuth = 5'>/70' and 5·/-110·
CS6U - 330P Pnom
810 Pnom total
Sunny Tripower 25000TL-30
9.0 Pnom lotal

330Wp
267 kWp
25.00 kWac
225 kW ac

Iso-shadings diagram
,".kzo Nobel Pakistan

l.n,.,..,.
~ n""1-2:l~y
l';>Q"I"-:.l"'-'O
~ 7I1m."·n~ ...,
~'2\MG .eaee
(I., 'ItJ,"-2~_'
1.ndtoc:amc ....
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PVSYSTV6AO

Grid-Connected System: Near shading definition

Project:

Simulation variant:

Akzo Nobel Pakistan

Prodcution hall

100%
·20"
330Wp
89.1 kWp
25.00 kWac
75.0 kW ac

•

•

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

System type Grid·Connected

,__ -\~ll"(jinqto strings
tilt

Model
!'J!; '.)1mocules

Model
I'<U. of units

UIIIII",le<i load (grid)

Electrical effect
8" azimuth
CS6U • 330P Pnom
270 Pnom total
Sunny Tripower 25000TL·30
3.0 Pno'Tl total

Perspective of tile PV·field and surrounding shading scene

rso-snadinqs diagram
Akzo Nobel Pakistan

Lnl_
~ 2: "'" . Zl ""1
.'l x,ai,,·n;wq
~ x:,~.t" 2~_,
) ,'11'110 . ~301t

tI "'J""':>~~
7 ~:; .,...,...,>1:1 ...

"""""""'"lh;_r-l=
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Losses

PVSYST V6.40 1

Project:

Simulation variant:

ShamsPower

129/06/171 Page 4/4

Grid-Connected System: Loss diagram

Akzo Nobel Pakistan

area 31 a

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Users needs

System type Grid-Connected

Electrical effect
Till/Azimuth = 8"1-20" and 8°/160"
CS6U - 330P Pnorn
90 Pnorn total
Sunny Tripower 25000TL·30

100 %_'::"CCO:dHiq to strings
2 ;-)1 ientations

Model
Jf modules

Modol
~)r:iq:' li.'d !ocH.! mri(J)

r--------------------- ------------------------------------~

•

•

330 Wp
29.70 kWp
25.00 kWac

Loss diaqrarn over the whole year

212 I P a

':.: .. ;",

I' eel

_:.-.t,'·

40,'J'_, \1',.",

Horizontal global irradiation

"·0,3% Global incident in coli. plane
-1.1 % Near Shadings: Irrad.ance loss

-2.6% lAM factor on g!obal

-3 0% Soiling loss factor

Effective irradiance on collectors

PV conversion

0.7%
Array nominal energy (at STC effie.)
PV loss cue to uradiance level

0.0% Shadings. Elect,'ica! Loss ace. to strings

Module qual!ty loss

LID· Light Induced d~grild'Jtlon
Module array nusmatcf loss

Ohrruc wiring loss
Mi"ed onentaticn mlsmatch oss
Array virtual enerqy at MPP

2.0%
.11%

·09%
CO%

0.0%

0.0%
0.0%

00'-)('1

Inverter Loss dl!ring operehon (efficiency)

Inverter Loss over nominal HW.power
Inverter Loss due to power tnreahcld
inverter Loss over nominal inv, voltage
In...erter Loss due fa voltage threshold
Available Energy at Inverter Output

System unavailabiMy

14% AC cbnuc loss

Energy Injected into grid



ShamsPower

•

Energy injected into grid

129/06/171 Page 4/4PVSYST V6.40 I
Gnd-Connected System: Loss diagram

Project:

Simulation variant:

Akzo Nobel Pakistan

area 31 b

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
User's needs

System lype Grid-Connected

Electrical effect
TilVAzimuth = S'/70' and 8'/-110'
CS6U - 330P Pnorn
68 Pnorn total
Sunny Tripower 25000TL-30

100%Accul(jlll~l to strings
2 orientations

Model
Nt) of modules

Model
Ullllflllkd load (grid)

~---------------------

330 Wp
22.44 kWp
25.00 kWac

Loss diagram over the whole year

Horizontal globallrradi.ltion

-03'1(, Global incident in coil. plane

.o.z-s. Neal' Shadings. lrraciance 10':>5

.:: /';C lAM tactcr on global

-].0% Seiling loss factor

1615 kV-lh-rr- Effective irradiance on collectors

efficient'; "11 PV conversion

,·0.7%
Array nominal energy (at STC effie.)
PV loss due 10 irradiance le'.ff;'1

PV loss due to temperature·7.6%

00%

20%
Shadings: Eleclrical Loss ace. to stnngs

Module quality loss

LID - Light induced degradiition

Module array mismatch loss

Ohmic v.,riring loss

Mixed onentetion mrsmatch '055

Array virtual energy at MPP

-2.5%

·'!.O%
0.9'1(,

o OD_(,

2.0% Inverter L055 dUring operation (efficiency)

o O'~\ Inverter Loss. over nominal mv. power

a 0% Inverter Loss due to power thresbotd

tnvetter Loss over nornma! inv voltage

Inverter Loss due to vottage threshold

Available Energy at Inverter Output

• -9.Q% System unavaiiabihty
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ShamsPower

Project:

Simulation variant:

103/07/171 page 5/5

Grid-Connected System: Loss diagram

Akzo Nobel P~ki5tan

fg & new 19

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

3V"I(,;111 Iype Grid-Connected

10 strings
2 UflentatiollS

Model
Nil of modules

Model
Nb. of units

UIII"",lcll load (grid)

Electrical effect
Tilt/Azimuth = 8'/70" and 8"1-110"
CS6U - 330P Pnom
150 Pnom \otal
Sunny Tripower 25000TL-30
2.0 Pnom total

100 %

330 Wp
49,5 kWp
25.00 kWac
50.0 kW ac

•

•

Loss diagram over the whole year

~Vh'" Horizontal global irradiation

·0,3'1\) Global incident in coil. plane
·0 7'\:, Near Shadings: frradtance loss

":?6% lAM ractor on global

·30':,(, Soiling IOS5 rae-or

. ~jO::l Etfectlve Irrudrance on collectors

PV cooverscn

/"1 -. ~A" 'r' Array nominal energy (at STC eftic.]
·07% PV 105.<; due to irradiance leve!

58·, 1/,,)

214 I F' :1 r. t'

-10.2% PV loss due to temperature

·0.0% Sl1adings: Electncal Loss ace. to strings

~2.0% Module quality loss

2 5% UD Lighl induced degradation

.1 0% Module array mismatch loss

0.8% Ohmic wiring loss
Mixed orientation mismatch loss
Array virtual energy at MPP

O.D'X,
00%

tnvaner loss during operation (emcu~ncy)

inverter lOGS over nominal inv. power

inverter loss. due to power threshold
Inverter Loss over nornlnal in" voltage

Inverter Loss due to voltage threshOld
Available Energy at Inverter Output

·90% System unavailability

AC ohmic loss2%

Energy injected into grid
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PVSYST V6.40 1 103/07/171 page 515

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Akzo Nobel Pakistan

AkzoNobel Parking

10 stunqs
2 ouentauons

Model
modules

Model
Nb. of units

UflllITHlccl load (gnd)
r-----------------------

•

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

'cysr"ll1 Iype Grid-Connected

Eleclrical effeci
TilUAzirnuth = 5"/700 and 5"1-110·
CS6U - 330P Pnorn
810 PnornlolaI
Sunny Tripower 25000TL-30
9.0 Pnorntotal

100%

330Wp
267 kWp
25.00 kWae
225 kW ac

Loss diagram over the whole year

17,;\' ~\i':h! Horizontal global irradiation
"'05% Global incident in coli. plane

-2.1% NEtarShadings: uradrance lOSS

·2 i% lAM factor on global

1597I,\\:j,~ Effective irradiancu on collectors

?V conversion

-0.7%
Array nominal energy (olt STC cfflc.)
PV loss due to madrance level

·76')(, PV loss due 10temperature-

Shadings' Electrical loss ace. to strings

Module quality loss

UD ~Ught induced degradation

Module alfClY mismatch loss

Ohmic wiring toss
Mixed orientation mismatch loss
Array virtual energy at MPP

- ··0 r'~)
:~0%

- ·25%

-10%
.. 0.9%
0.0%

-2,2%

00%
O.Q%

0.0%
0.0%

Inverter Loss during operation (efficiency)

Inverter Loss over nomlnallnv power
inverter loss due to power threshold
Inverter loss over nominal irw. vottaqe
Inverter loss due to vorlage threshold
Available Energy at Inverter Output

-a,8% System unavailability

·13% AC ohmic loss

323.0 tMVI< Energy injected into grid
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PVSYST V6.40 1 103/07/171 Page 5/5

Project:

Simulation variant:

Grid-Connected System: Loss diagram

Akzo Nobel Pakistan

Prodcution hall

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PV Array
Inverter
Inverter pack
User's needs

System type Grid-Connected

to strings
tilt

Electrical effect 100%
_20"
330 Wp
89.1 kWp
25.00 kWac
75.0 kW ac

Model
I\Jt) ,.If modules

Madel
(\j[) of units

Ullil/,ldv'_; !oall (grid)
r------------------------ ---------------------------------------------~

•

80 azimuth
CS6U - 330P Pnom
270 Pnom total
Sunny Tripower 25000TL-30
3.0 Pnorn total

Loss diagram over the whole year

. 7~'C".'/'';11 :'1 Horizontal global irradiation
+4.7% Global Incident in coil. plane

~~1 1% Near Shadings: «radtance Ios6

-2.4% lAM factor on global

·3,0% Soiling loss factor

1686 k\f'.:h 'I Effective irradiance on collectors

PV coeveoson

Array nominal energy (J! STC effie.)
PV lOSSdue to irradiance ievc!·0.6%

-'/.6% rv loss due to temperature

·2,0%

Shadings' Electrical Loss ace :0 ~,\rlngs

Module quality toss

LID . light Induced degradation

Module array mismatch loss

Ohrnic wiring loss
Array virtual energy at MPP

··25%

·10%

·-09%

·2,2% Inverter Loss during operation (efnclency)

Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nornlnat inv. voltage
Inverter Loss due to voltage threshold
Available Energy allnverter Output

0.0%
'0.0%

0.0%
0.0%

,86% System unavailabitity

Energy injected Into grid
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Simulation Results

PVSYST V6.40

ShamsPower

Project:

Simulation variant:

Electrical effect
TilVAzimulh = 8'/-20' and 8'/160'
CS6U - 330P Pnom
90 Pnom total
Sunny Tripower 25000Tl-30

Grid-Connected System: Main results

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
User's needs

Akzo Nobel Pakistan

area 31 a

Systern type Grid-Connected

According to strings
2 OJ ientations

Model
i'H) ul modules

Model
Uuuuuteu lmld (9rid)

Main simulation results
System Production

100 %

330 Wp
29.70 kWp
25.00 kWac

1225 kWh/kWp/yearProduced Energy
PerftAI'1";:I'i(;,'·· Ratio PR

Pertcnnance R.. uc PR

•

Norm.lllzed producUons (perlnstdlltCl kWp): NOrllln.ll cower 29.70 kWp

II

36.39 MWh/year
71.45 %

Specific prod.

GlobHol

<)rl!'01 31 ,
Batancea and main re suns

G!obln~ GlooEff SAlTilY E_Grld .R
k>,'\It)lm ~\\h!rn' MWh ...M>
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PVSYST V6.40

Gnd-Connected System: Main results

Project:

Simulation variant:

Akzo Nobel Pakistan

area 31 b

Shams Power

System type Grid-Connected

100 %

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
User's needs

Electrical effect
TilVAzimuth = 8°170° and 8°1-110'
CS6U - 330P Pnom
68 Pnom total
Sunny Tripower 25000TL-30

Accorcmo to strings
2 orientations

Model
Nb of modules

Model
Unlimited load (grid)

~----------------------
Main simulation results
System Production Produced Energy

Periormance Ratio PR
27,80 MWh/year
72,23 %

Specific prod,

330 Wp
22.44 kWp
25,00 kW ac

Normalized productions (~( installed kWp): Noml!'i,lll.">'o'I';:! ~2,44 kWI) Performance Ratio PR

1239 kWh/kwp/year

ar ea 3111

S"lanct'S and matn eesuus

Olobhor

I
T4.",'O Glot!!IC GlooEff EArr<ty C_Orid PR

,,\.'\'11;1)'<' \fA~

J'oinUaf)i ';,'.1

!
"', -33,;: 1,i;:>5 "" ",.

J:IIOf"ll;ory \1(';{\ 1041 ~ I(H 1611
.i.:> \;\::,1 lH,4 :" (l.;:" ~ :::l(.o! C&l5

A.pI'1 ies e 19.1 2m ~ ~41 (1787M., <, ~.-: l$S' 116.1> )).O/; ).::;ll;! 011,)J

! ".> .. :.~ ._ 13~1.9 17~.::' :1.).4.4 :cl'ie c 7.}9

July' ocs -n (I(, 170.2 16()3 30;:,0 200Q 07711

A~9~·t 171 , 1"'"1 :tC16;; 2 "'0 c ees
SoptOm~r \~:, l1 1':: 1632 1~1 2.\1~ 1'i;4\'j 05..1.1

October ,;4;',6 119.3 1:"2(J 2361:' 2::m onl?
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Shams Power

PVSYST V6.40 I 103/07/17 Page 415

Grid-Connected System: Main results

Project:

Simulation variant:

Akzo Nobel Pakistan

fg & new f9

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

System type Grid-Connected

According to strings
2 orientations

Model
I'H) ot mooules

Model
IlJb. of units

Unlllililen load (gild)~----~------~-----------_-

Electrical effect
Tilt/Azimuth = 8°/70" and 8·1-110·
CS6U - 330P Pnom
150 Pnorn total
Sunny Tripower 25000TL-30
2 0 Pnorn tala I

100%

330 Wp
49,5 kWp
25_00 kWac
50,0 kWac

Main simulation 'results
System Production Specitic prod. 1179 k'Ml/kWp/yearProduced Energy

Pertormance Ratio PR
58,36 MWh/year
68.73 %

Nornwalized productions [per Inslalled kWp): Nominal power 49,S kWp Perrormance Ratio PR

1.Or __ ,=,.. =._=••"'_"'.""'o:-:.:o:.. '"'""",,-::,,", =;-1""-.,.--,---.--..,.--,.----,

'"

''''

19 s new 19
Balances and main results

GlobHor DllfHo; T AIllU Globlnc GlobE« EAuay E_Gfld PR

kl/'/h:m1 "V'l~l.f:'; 'C kWhJ!tl~ k\Nhim' MWh MWl,

January 89.4 I."" ' ~ 37 89.1 82.7 3.709 2.709 0.614

Februllry '1'.1 " 15.12 110.8 103.7 4.504 3.252 0593
March 1534 ');; ;~ "~., ",$ 153.1 1438 6009 5.796 0765
April 16/.1 1611 1666 156.5 6.382 6.153 0.746

May 189.7 34 189.1 178.0 7.013 6.751 0.721
June 190.5 .::,.:, 3~ 14 '899 178.9 7.098 G8n 0717
July 1(·0.9 'C: "jQ ~ju 1702 159.7 6.455 6.224 0.739

August 171.; !;U.: 1711 160.6 6.521 -4461 0.527

aeptemoer Hj] 6 .'':) L 1632 b35 6253 40f\6 0506
October lJO.::' 01 ~'.l66 1298 121.5 5.064 4.893 0.761

November 96.9 434 1 11.39 96.7 900 3.905 3.783 0790
Oe-c:embef 85.9 '-12

I
1:128 55.7 79.3 3.521 3.419 0.806

I· _----
Year 1720.1 37 , 2378 "'5.3 160tt2 66.440 58.358 0.687

Legends: GbbHor Horiznnt."r qiofi.lII"!;~d;dH()!' GlohEff Effective Glom11, con. for lAM aod shadings

Di[fHol Hort:Olllnl EArfay Efleclive 6n(ffgy at the output of Ihe array

TArnll Ambient E"_Grid En~fgy inittdeo info gild

Globlnc GlobillincI(!(l-' 'I'; PR Performance Rario
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ShamsPower

PVSYST V6.40 I 103/07/17 Page 4/5

Grid-Connected System. Main results

Project:

Simulation variant:

Akzo Nobel Pakistan

AkzoNobel Parking

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

Systern type Grid-Connected

Electrical effect
Tilt/Azimuth = 5"/70" and 5·'·1 fOG
CS6U • 330P Pnom
810 Pnom total
Sunny Tripower 25000TL-30
9.0 Pnom total

Accolcilng to strinqs
2ollentations

Model
i'HJ of modules

Model
Nl). of units

Ulllllnlt('(! IOdd (grid)
~------------------------.--

100 %

330 Wp
267 kWp
25.00 kWac
225 kW ae

Main simulation results
System Production Produced Energy

Perl(l(llFHIC(' R<.1lio PR
323.0 MWh/year
69.89 %

Specific prod. 1208 kWh/kWp/year

Notmallud productions (p,", instaued k,"~Jp): Nonunat f.i()Wd 267 kWp Pertotmence Ratio PR

'"

AkzoNobel Parking

Balances and main results

GlobHor DiftHo( T Amb Globin<; GlobEfT £Array E_Ortd PR

klNhfml k\.....,~' 1": ·c I(Wh/ill1 klJ\lhlml MWh MWh

January 89,4 l"I',; 1137 90.6 79.8 19.68 14.27 0.589

February 111,1 -I'~ 1~, r: 112, , 103.6 24,90 16.14 0.605
March 1534 t).,:, ~;; ~8 155,0 144<9 33.70 32.50 0.784
April 167,1 "'.,..; ~~b 1'1 1673 156.1 35,49 3420 0.765

MaV 189.7 34 1896 177.2 39.08 37.61 0.742
June 190.5 9~'5 ::; 14 190,6 178.2 39.54 :)8.05 0.747
July 170.9 «.. )090 110.2 lS8.3 35.6-4 34.37 0.756
August 171.1 3DJ:: 1719 160.1 36.22 25.15 0.547
September 163 () 164 5 153.8 349" 23.16 0527
Oc:tobtr 130,:; ~'.: 615 1313 121.9 28.16 27.21 0.775
November 9>3.9 1;' S~ 93.S 886 21.19 20.53 0780
December 85.9 --l~ C

!

~LS sn 750 18.31 17.77 0.161-- ._ .. _._-- f---- r---- ------ --
Year 1720,1 s: , i 728.8 1597.4 36683 322.97 0.699

Legands: GlobHor Horizonl."! qiol;;lII,!;'td""l'.('!'; G~)bEff Effectfva Glob;'}!. con. for lAM and shadings

Oifll1or HOlllont<li 1'<I(jl':'lic'l1 fArray Effective energy at the output of the array

T Amb Alllbiel1! Tf~:'!'::'"I;''tl''' E -Grid E Mrgy injoc1eu into gild

Globlnc Glob,)1 j!1cid,~'-! tI· •. -t ;),aIH~ PR PetfOfn'lance Ratio
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PVSYST V6.40 I

ShamsPower

Project:

Simulation variant:

103/07/17 Page 4/5

Grid-Connected System: Main results

System type Grid-Connected

Accordinq 10 strings
tilt

Model
w) ·,f modules

Model
Nb. of units

UIIIIIIIIIl'd load (grid)
~------------------------

Main system parameters

Near Shadings
PV Field Orientation
PV modules
PVArray
Inverter
Inverter pack
User's needs

Main simulation results
System Production

Akzo Nobel Pakistan

Prodcution hall

Produced Energy
Pert(\l!fliiIlCP Ratio PR

Electrical effect
8' azimuth
CS6U - 330P Pnom
270 Pnom total
Sunny Tripower 25000TL-30
3.0 Pnom lotal

100%
-20·
330Wp
89.1 kWp
25.00 kWac
75.0 kWac

113518 kWh/year Specific prod.
70.73 %

1274 k'MlIkWp/year

Performance Ratio PR

Prodculion hall
Balances and main results

130_2

GlobHol DlflHOI rAmI.} Globin' GlobEff

93.2

114.9

1522

161,3

179 ...

178.2

160,3

163.3

160.9

131.5
100,4

EArray E_G,ld PR

kWh kWh

7532 5468 0.613

9140 6686 0.631

11751 11327 0784

12200 '1762 0767

13173 12683 0.745

13174 12636 0.150

12019 , 1592 0.759

12291 6458 0.544

12137 3249 0541

10075 9731 0.777

7906 i655 0.797

7244 7019 0606

126641 11J5-18 0.707

Effecti ...e Gk>bal. ron. for lAM and shadings

Effective energy at the output of the array

Energy illjad6d into gnd

pertormance Rerc
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January

Febru,uy

March

April

May

June

JulV

August

September

october

November

December

Year

89.4

111.1

1534

167.1

189.7

190.5

1709

IS.1?

("J'.: .12 J4

100 2

122.5

162.1

1/'21

19J 2

1893

171 4

174.5

171.3

140.5

107,8

18013 1686.3n,73

91.7 906~~-~-----------t------

Horilont.d ~Iloba! i'I-;'IIi::;I'GI!

Horllonti:ll dlrfw;p :1,<-"jl.~lh)1i

Ambient

Global inckt ..~·' 'I'

GlobE"

EArray

E_Gnd

PR

.}214

90

legends: GlobHot

D>flHo<
TAmb

Globlnc:

'HI:-
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Shams+ower
Financial Analysis

Cost/watt: USD 1.2

Total Project Cost for 458.04 KWp (DC) Solar PV System: USD 549,648

Equity: 100%

Debt: 0%
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ShamsPower
Safety and Emergency Plans

• Only qualified and authorized electricians will be allowed to undertake servicing or
maintenance tasks.

• The authorized personnel will wear appropriate equipment, including a safety harness to
restrain from falling off the roof, sturdy shoes that will have thick rubber soles to provide
electrical insulation and good grip and appropriate clothing for personal protection,
including a hat, sunglasses, gloves and long pants and sleeves

• Lock out and tag out procedures will be used before commencement of maintenance tasks.

• On-going operation and rnarrucnance concerns for solar power systems will be addressed
properly. These systems are exposed to outdoor weather conditions that enhance the aging
process, and the infrastructure needs to be in place for the on-going maintenance of these
systems to assure their safe operation.

• Properly grounded or double Insulated power tools will be used for maintenance tasks. Tools
will be maintained in good condition.

• Working on electrical equipment and circuits will be carried out in de energized state.

• Proper pathways will be available for operation, maintenance and firefighting.

• Fire protection and suppression will be placed at site

Training and Capacity Development
Trained and qualified personnel will be available at site 24/7 with proper safety and firefighting

training. Training program will focus on but not limited to Solar Resource Assessment, Site Survey,

Technology, Engineering Design, Regulation, Policy, Metering & Billing, and Project Management of

Rooftop Solar System. The following components will include in training and development program.

a. Collection of Resource Data

b. Variability and uncertainty of resource data

c. Site evaluation

d. Crystalline and Thin film technology comparison

e. Rooftop solar system components

f. Module mounting structure selection

g. Inverter selection

h. Design of PV Array

i. Shadow Analysis

j. DC cable sizing

k. DC cable layout

I. Protection and Metering

m. Installation and testing standards for solar PV plants

n. Solar Module testing standards

o. Economy of Roof top Solar System

p. Detailed Project Report

q. Operation and maintenance of rooftop solar system

r. Safety and firefighting training
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ShamsPower
Environmental Aspects

Every energy generation and transmission method affects the environment. Conventional generating

options can damage air, climate, water, land and wildlife, landscape as well as raise the levels of

harmful radiation. PV technology is substantially safer offering a solution to many environmental

and social problems associated with fossil and nuclear fuels. Solar PV energy technology provides

obvious environmental advantages In comparison to the conventional energy sources thus

contributing to the sustainable development of human activities. Not counting the depletion of the

exhausted natural resources, their mJ11ladvantage is related to the reduced C02 emissions and

normally absence of any air emissions or waste products during their operation.

The use of solar power has additional positive implications such as:

• Reduction of the emissions of the greenhouse gases (mainly C02, NOx) and prevention of toxic
gas emissions (S02,particulates)

• Reduction of the required transmission lines of the electricity grids

Socio-Economic Aspects
In regard to the socio-economic viewpoint, the benefits of exploitation of solar PV system comprise

of:

• Increase of the regional/national energy independency

• Provision of significant work opportunities

• Diversification and security of energy supply

• Support of the deregulation of energy markets
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ShamsPower
Conclusion
This feasibility study is conducted to ascertain the technical feasibility and commercial viability of

installation of 400kW (AC) rooftop PV system insta lIation at Akzonobel, Lahore.

Installation of the PV system will result ill annual power generation of 559,040 kWh.

The results of the financial analysis indicate that the project is feasible.

Based on the outcomes of both the technical and financial analysis, the project is deemed to be

viable.
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