SO-LIS

The Registrar
National Electric Power Regulatory Authority
G-5/1, Islamabad

Subject: Application for Generation License upto 3 MW

I, Farman Ahmed Khan Lodhi, Chief Executive Officer, being the duly authorized representative
of SOLIS CHARLIE ENERGY (PRIVATE) LIMITED by virtue of BOARD RESOLUTION
dated 8™ July, 2019, hereby apply to National Electric Power Regulatory Authority for the grant
of a Generation License to SOLIS CHARLIE ENERGY (PRIVATE) LIMITED pursuant to
section 15 of the Regulation of Generation, Transmission and Distribution of Electric Power Act,
1997.

| certify that the documents-in-support attached with this application are prepared and submitted
in conformity with the provisions of the National Electric Power Regulatory Authority Licensing
(Application and Modification Procedure) Regulations, 1999, and undertake to abide by the
terms and provisions of the above-said regulations. | 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 PAY ORDER in the sum of Rupees 177,688 being the non-refundable license application fee
calculated in accordance with Schedule 11 to the National Electric Power Regulatory Authority
Licensing (Application and Modification Procedure) Regulations, 1999, is also attached
herewith.

Date: 13" -September-2019

Farman Ahmed Khan Lodhi
Chief Executive Officer

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan
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EXTRACT OF THE BOARD OF DIRECTORS RESOLUTION OF SOLIS CHARLIE ENERGY (PVT.)
LTD HELD ON 08 JuLY, 2019

The following resolutions were discussed in detail by the Board and approved unanimously:

“RESOLVED THAT filing of an application with National Electric Power Regulatory Authority
for obtaining generation license for setting up 3 MW Solar power generation projects by Solis
Charlie Energy (Private) Limited (a company incorporated under the laws of Pakistan with its
registered office located at 3™ Floor, Horizon Vista, Block-4, Scheme 5, Clifton, Karachi,
Pakistan (the Company) be and is hereby approved along with all submission of required
documents, filings, applicable fees and completion of all necessary formalities”.

“FURTHER RESOLVED THAT in respect of submitting an application for the generation license
(including any modifications thereto) to National Electric Power Regulatory Authority, MR.
FARMAN AHMED KHAN LODHI, CEO be and is hereby singly empowered and
authorized for and on behalf of the Company to:

(i) review, execute, submit, and deliver the generation license application (including any
modifications thereto) for the generation license along with all related documentation
required by National Electric Power Regulatory Authority for the grant of the
generation license, including any contracts, affidavits, statements, documents, powers
of attorney, letters, forms, applications, deeds, guarantees, undertakings, approvals,
memoranda, amendments, letters, communications, notices, certificates, requests,
statements and any other instruments of any nature whatsoever;

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

(iii))  sign and execute the necessary documentation, pay the necessary fees, appear before
the National Electric Power Regulatory Authority as needed, and do all acts necessary
for completion and processing of the generation license application (including any
modifications thereto) and procuring the generation license;

Solis Charlie Energy Pvt. Ltd. T +92(21)3529 4301-6 www.solis-energy.com
3rd Floor, Horizon Vista, Block-4 F +92(21)3529 431

Cliftan Kararhi - Dalrictan
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(iv appoint or nominate any one or more officers of the Company or any other person or
pp y pany Y B
persons, singly or jointly, in their discretion to make communicate with, make
presentations to and attend the National Electric Power Regulatory Authority hearings;
and

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

“AND FURTHER RESOLVED THAT Mr. Farman Ahmed Khan Lodhi, the Chief Executive
Officer of the Company, be and is hereby authorized to delegate all or any of the above powers

in respect of the foregoing to any other officials of the Company as deemed appropriate by
him.”

Certified True Copy

dullah Khawar
Director

Dated: July 08, 2019

Solis Charlie Energy Pvt. Ltd. T +92(21)3529 4301-6 www.solis-energy.com
3rd Floor, Horizon Vista, Block-4 F +92(21) 3529 4311
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SECURITIES AND EXCHANGE COMMISSION OF PAKISTAN
CONPANY REGISTRATION OFFICE, KARACHI

CERTIFICATE OF INCORPORATION

vy e

[Under section 16 of the Companies Ac't, 2017 (XIX of 2017)]

company is limited by-shares.

Given undér my hand"at" Karachi this Eleventh day of June, Two

Thousand and Nineteen

Incorporation fee Rs.-l,OOO/*—‘

(Muhammad Naeem Khan)
Additionial Registrar/Incharge CRO

eET s P

LLLEY

BAARAANRDANANA 2
AERSAEASS SRR RS R R

LA LA LA AL AL A RO ARARR AL RA AR,

B R A A A A A A L A B A e AL AR AR AR ARG A R LEAAL A DA LANAAANR AN,

i
=3
S
4]
21
£
g
3
2
=4
=
3]
=4
1
=1
3
|
£
=
3
=4
=
=
2t
2




Mewmorandum of Association

b

2)

3)

THE COMPRNIES NCT, 2017

(Company Limited by Shares)

MEMORANDUM OF ASSOCIATION

SOLIS CHARLIE ENERGY (PRIVATED LIMATED

The name of the Company is “SOLIS CHARLIE ENERGY (PRIVATE) LIMITED”,

The Registered Office of the company shall be situated in the province of Sindh.

(@

(i1)

(iii)

(iv)

The principal line of business of the company shall be to carry on all or any of the
businesses of generating, supplying, converling, transforming, distributing, purchasing,
dealing in, importing and exporting all forms of electricity and energy (solar, wind,
thermal, hydel and/or biomass) and products or services associated therewith including
provision of energy related equipment as vendor/supplier for use of electricity or right
to use such equipment and to perform all other acts which are necessary or incidental
to the business of electricity generation and supply and to locate, setup, develop, design,
own, establish, construct, equip, operate, use, manage, and maintain power plants
anywhere in Pakistan or elsewhere, subject to approval of NEPRA wherever, required.

Except for the businesses mentioned in sub-clause (iii) hereunder, the company may
engage in all the lawful businesses and shall be authorized to take all necessary steps
and actions in connection therewith and ancillary thereto.

Notwithstanding anything contained in the foregoing sub-clauses of this clause nothing
contained herein shall be construed as empowering the Company to undertake or
indulge, directly or indirectly in the business of a Banking Company, Non-banking
Finance Company (Mutual Fund, Leasing, Investment Company, Investment Advisor,
Real Estate Investment Trust management company, Housing Finance Company,
Venture Capital Company, Discounting Services, Microfinance or Microcredit
business), Insurance Business, Modaraba management company, Stock Brokerage
business, forex, real estate business, managing agency, business of providing the
services of security guards or any other business restricted under any law for the fime*=
being in force or as may be specified by the Commission. P e

It is hereby undertaken that the company shall not:

(a) engage in any of the business mentioned in sub-clause (iii) above ora
unlawful operation; Vi ) €

(b) launch multi-level marketing (MLM), Pyramid and Ponzi Schemes, or 6Ilacr-<._,_
related activities/businesses or any lottery business; )

(c) engage in any of the permissible business unless the requisite approval,
permission, consent or license is obtained from competent authority as may be
required under any law for the time being in force.

SOLIS CHARLIE ENERGY (PRIVATE) LINMITED Page # |



Memorandum of Association

4) The liability of the members is limited.

5) The Authorized Capital of the Company is Rs. 100,000 (Rupees One Hundred Thousand only)
divided into 10,000 (Ten Thousand) ordinary shares of Rs. 10 (Rupees Ten only) each.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED Page #f 2
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THE COMPANIES ACT, 2017

[Company Limited hy Shares)
ARTICLES OF ASSOCIATION

oF

SOLIS CHARLIE ENERGY (PRIVATED LIMITED

PRELIMINARY

(1) In these regulations-
a. "section" means section of the Act;
b. '"the Act" means the Companies Act, 2017; and
c. "the seal" means the common seal or official seal of the company as the case may be.’

(2) Unless the context otherwise requires, words or expressions contained in these regulations shall
have the same meaning as in this Act; and words importing the singular shall include the plural, and
vice versn, and words importing the masculine gender shall include feminine, and words importing
persons shall include bodies corporate.

BUSINESS

The directors shall have regard to the restrictions on the commencement of business imposed by section
19 if, and so far as, those restrictions are binding upon the company.

SHARES

In case of shares in the physical form, every person whose name is entered as a member in the register
of members shall, without payment, be entitled to receive, within thirty days after- ﬂllotment or within
fifteen days of the application for registration of transfer, a certificate undelg the seall spgclfymg the
share or shares held by him and the amount paid up thereon: : %

Provided that if the shares are in book entry form or in case of convérsmn of physnca];sha:esnand
other transferable securities into book-entry form, the company Sh‘l" w:thm\sten d'tys ﬂfter an
application is made for the registration of the transfer of any shares or othe1 secunhes to a centml
depository, register such transfer in the name of the central depository. v

‘The company shall not be bound to issue more than one certificate in respect of a share or shares in the
physical form, held jointly by several persons and delivery of a certificate for a share to one of several
joint holders shall be sufficient delivery to all.

If a share certificate in physical form is defaced, lost or destroyed, it may be renewed on payment of
such fee, if any, not exceeding one hundred rupees, and on such terms, if any, as to evidence and
indemnity and payment of expenses incurred by the company in investigating title as the directors
think fit.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




6. Except tothe extent and in the manner allowed by section 86, no part of the funds of the company shall
be employed in the purchase of, or in loans upon the security of, the company's shares.

TRANSFER AND TRANSMISSION OF SHARES

7. Theinstrument of transfer of any share in physical form in the company shall be executed both by the
transferor and transferee, and the transferor shall be deemed to remain holder of the share until the
name of the transferee is entered in the register of members in respect thereof.

8. Shares in physical form in the company shall be transferred in the following form, or in any usual or
common form which the directors shall approve: -

Form for Transfer of Shares BT
(First Schedule to the Companies Act, 2017).{" AT PN

sum of rupees............... ... paid to me by.... bo 7o SR § [0l . (- S A B (he;em'ﬂtet
called "the transferee" ), do he: eby transfer to lhe sald tnnsfelee...i;'.r.ﬁ ...... (or shares)
with  distinctive  numbers from ................to....... mcluswe,\:‘m the* -SG)LIS CHARLIE ENERGY
(PRIVATE) LIMITED, to hold unto the smd tnns[elee 1115 executors, ’ldihlr]lstlat()ls and ; ass;gns, subject to
the several conditions on which I held the same at the time of the execution helb_c}f ﬁnd I; the said transferee,

do hereby agree to take the said share (or shares) subject to the conditions aforesaid. As witness our hands

thiSscamss day ol sy 206

Sipratures. s

Transferor

Full Name, I'ather's / Husband's Name
CNIC Number (in case of foreigner,
Passport Number)

Nationality

Occupation and usual Residential Address

Witness 1:
Signature........ccoeue.s date............
Name, CNIC Number and Full Address

S1oabUIG s

Transferee

Full Name, Father's /f Husband's Name
CNIC Number (in case of foreigner,
Passport Number)

Nationality

Occupation and usual Residential Address
Cell number

Landline number, if any

Email address

Witness 2:

Signature.......coeiee. date...o

Name, CNIC Number and Full Address

Bank Account Details of Transferee for Payment of Cash Dividend

(Mandatory in case of a listed company or optional for any other company)

It is requested that all my cash dividend amounts declared by the company, may be credited into the

following bank account:

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




Tile of Bank Account

Bank Account Number

Bank's Name
Branch Name and Address

It is stated that the above mentioned information is correct and that I will intimate the changes in
the above-mentioned information to the company and the concerned Share Registrar as soon as these
occur.

Signature of the Transferee(s)

9. (1) Subject to the restrictions contained in regulation 11 and 12, the directors shall not refuse to transfer
any share unless the transfer deed is defective or invalid. The directors may also suspend the
registration of transfers during the ten days immediately preceding a general meeting or prior to the
determination of entitlement or rights of the shareholders by giving seven days' previous notice in the
manner provided in the Act. The directors may, in case of shares in physical form, decline to recognise
any instrument of transfer unless—

a) A fee not exceeding fifty rupees as may be determ'ned by the directors is paid to the comp'my
in respect thereof; and T

b)  The duly stamped instrument of tmnsfﬂ 13 accompamed by the certificate of the shares to
which it relates, and such other evndence '15 the duectms m'iy reasonably require to show the

right of the transferor to make the lmnsfe1

(2) If the directors refuse to register a transfer of shmes they shall w:thm tifteen days after the date on
which the transfer deed was lodged with the company’ ‘Snd to the transferee and the transferor notice
of the refusal indicating the defect or invalidity to the transferee, who shall, after removal of such defect
or invalidity be entitled to re-lodge the transfer deed with the company.

Provided that, where the transferee is a central depository, the refusal shall be conveyed within
five days from the date on which the instrument of transfer was lodged and the company shall notify
the defect or invalidity to the transferee who shall, after the removal of such defect or invalidity, be
entitled to re-lodge the transfer deed with the company.

TRANSMISSION OF SHARES

10. The executors, administrators, heirs, or nominees, as the case may be, of a deceased sole holder of a
share shall be the only persons recognised by the company to deal with the share in accordance with
the law. In the case of a share registered in the narhes of two or more holders, the survivors or survivor,
or the executors or administrators of the deceased survivor, shall be the only persons recognised by the
company to deal with the share in accordance with the law.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




11. The shares or other securities of a deceased member shall be transferred on application duly supported
by succession certificate or by lawful award, as the case may be, in favour of the successors to the extent
of their interests and their names shall be entered to the register of members,

12. A person may on acquiring interest in a company as member, represented by shares, at any time after
acquisition of such interest deposit with the company a nomination conferring on a person, being the
relatives of the member, namely, a spouse, father, mother, brother, sister and son or daughter, the right
to protect the interest of the legal heirs in the shares of the deceased in the event of his death, as a
trustee and to facilitate the transfer of shares to the legal heirs of the deceased subject to succession to
be determined under the Islamic law of inheritance and in case of non-Muslim members, as per their
respective law.

13. The person nominated under regulation 13 shall, after the death of the member, be deemed as a
member of the company till the shares are transferred to the legal heirs and if the deceased was a
director of the company, not being a listed company, the nominee shall also act as director of the
company to protect the interest of the legal heirs.

14. A person to be deemed as a member under regulation 12, 13 and 14 to a share by reason of the death
or insolvency of the holder shall be entitled to the same dividends and other advantages to:which he
would be entitled if he were the registered holder of the share and exercise any 11ght coﬂféued by
membership in relation to meetings of the company.

ALTERATION OF CAPITAL H

15. The company may, by special resolution-

(a) increase its authorized capital by such amount as it thinks expedient; DN

(b) consolidate and divide the whole or any part of its share capital into shares of lnger
amount than its existing shares;

(c) sub-divide its shares, or any of them, into shares of smaller amount than is fixed by the
memorandum;

(d) Cancel shares which, at the date of the passing of the resolution in that behalf, have not
been taken or agreed to be taken by any person, and diminish the amount of its share
capital by the amount of the share so cancelled.

16. Subject to the provisions of the Act, all new shares shall at the first instance be offered to such persons
as at the date of the offer are entitled to such issue in proportion, as nearly as the circumstances admit,
to the amount of the existing shares to which they are entitled. The offer shall be made by letter of offer
specifying the number of shares offered, and limiting a time within which the offer, if not accepted,
will deem to be declined, and after the expiration of that time, or on the receipt of an intimation from
the person to whom the offer is made that he declines to accept the shares offered, the directors may
dispose of the same in such manner as they think most beneficial to the company. The directors may
likewise so dispose of any new shares which (by reason of the ratio which the new shares bear to shares
held by persons entitled to an offer of new shares) cannot, in the opinion of the directors, be
conveniently offered under this regulation.

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

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




18.

19.

20.

21.

22.

23.

24.

25.

The company may, by special resolution-
a. consolidate and divide its share capital into shares of larger amount than its existing shares;

b. sub-divide its existing shares or any of them into shares of smaller amount than is fixed by the
memorandum of association, subject, nevertheless, to the provisions of section 85;

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

The company may, by special resolution, reduce its share capital in any manner and with, and subject

to confirmation by the Court and any incident authorised and consent required, by law.
GENERAL MEETINGS

The statutory general meeting of the company sfnll be held within the period required by section 131.
A

A general meeting, to be called nm)(:al gcnel al meetmg, slnll be held, in accordance with the provisions

of section 132, within sixteen months from the date of incorporation of the company and thereafter

once at least in every year v.wthm a peuod of one hundred and twenty days following the close of its

financial year.

All general meetings of a company dthér‘than the statutory meeting or an annual general meeting
mentioned in sections 131 and 132 respectively shall be called extraordinary general meetings.

The directors may, whenever they think fit, call an extraordinary general meeting, and extraordinary
general meetings shall also be called on such requisition, or in default, may be called by such
requisitionists, as provided by section 133. If at any time there are not within Pakistan sufficient
directors capable of acting to form a quorum, any director of the company may call an extraordinary
general meeting in the same manner as nearly as possible as that in which meetings may be called by
the directors.

The company may provide video-link facility to its members for attending general meeting at places
other than the town in which general meeting is taking place after considering the geographical
dispersal of its members.

NOTICE AND PROCEEDINGS OF GENERAL MEETINGS

Twenty-one days' notice at the least (exclusive of the day on which the notice is served or deemed to
be served, but inclusive of the day for which notice is given) specifying the place, the day and the hour
of meeting and, in case of special business, the general nature of that business, shall be given in the
manner provided by the Act for the general meeting, to such persons as are under the Act or the
regulations of the company entitled to receive such notice from the company; but the accidental
omission to give notice to, or the non-receipt of notice by any member shall not invalidate the
proceedings at any general meeting.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED



26.

27

28.

29.

30.

31.

32.

33.

34.

All the business transacted at a general meeting shall be deemed special other than the business stated
in sub-section (2) of section 134 namely; the consideration of financial statements and the reports of the
board and auditors, the declaration of any dividend, the election and appointment of directors in place
of those retiring and the appointment of the auditors and fixing of their remuneration.

No business shall be transacted at any general meeting unless a quorum of members is present at that
time when the meeting proceeds to business. The quorum of the general meeting shall be two members
present personally, or through video-link who represent not less than twenty-five percent of the total
voting power, either of their own account or as proxies.

If within half an hour from the time appointed for the meeting a quorum is not present, the meeting, if
called upon the 1'équi5iiion of members, shall be dissolved; in any other case, it shall stand adjourned
to the same day in the next week at the same time and place, and, if at the adjourned meeting a quorum
is not present within half an hour from the time appointed for the meeting, the members present, being
not less than two, shall be a quorum.

The chairman of the board of directors, if any, shall preside as chairman at every general 'me‘Ltfhé of
the company, but if there is no such chairman, or if at any meeting he is not present; wltlun fifteen- .
minutes after the time appointed for the meeting, or is unwilling to act as chaumam any OHL ‘of the
directors present may be elected to be chairman, and if none of the directors is present,: bt‘W’I“ll'\g to act:
as chairman, the members present shall choose one of their number to be chairman. “ ;‘_;

W\ A v

! ALY
The chairman may, with the consent of any meeting at which a quorum is present (m‘td shnll if 50

directed by the meeting), adjourn the meeting from time to time but no business shall be tlansﬂLted nt_'
any adjourned meeting other than the business left unfinished at the meeting from which the
adjournment took place. When a meeting is adjourned for fifteen days or more, notice of the adjourned
meeting shall be given as in the case of an original meeting. Save as aforesaid, it shall not be necessary
to give any notice of an adjournment or of the business to be transacted at an adjourned meeting,

(1) At any general meeting a resolution put to the vote of the meeting shall be decided on a show of
hands unless a poll is (before or on the declaration of the result of the show of hands) demanded. Unless
a poll is so demanded, a declaration by the chairman that a resolution has, on a show of hands, been
carried, or carried unanimously, or by a particular majority, or lost, and an entry to that effect in the
book of the proceedings of the company shall be conclusive evidence of the fact, without proof of the
number or proportion of the votes recorded in favour of, or against, that resolution.

(2) At any general meeting, the company shall transact such businesses as may be notified by the
Commission, only through postal ballot,

A poll may be demanded only in accordance with the provisions of section 143.
If a poll is duly demanded, it shall be taken in accordance with the manner laid down in sections 144
and 145 and the result of the poll shall be deemed to be the resolution of the meeting at which the poll

was demanded.

A poll demanded on the election of chairman or on a question of adjournment shall be taken at once.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




35. Tn the case of an equality of votes, whether on a show of hands or on a poll, the chairman of the meeting

36.

40.

at which the show of hands takes place, or at which the poll is demanded, shall have and exercise a
second or casting vote.

Except for the businesses specified under sub-section (2) of section 134 to be conducted in the annual
general meeting, the members may pass a resolution (ordinary or special) by circulation signed by all
the members for the time being entitled to receive notice of a meeting. The resolution by circulation
shall be deemed to be passed on the date of signing by the last of the signatory member to such
resolution.

VOTES OF MEMBERS

Subject to any rights or restrictions for the time being attached to any class or classes of shares, on a
show of hands every member plesent m pelson shall have one vote except for election of directors in

whsch case t]'lL plovmmns of sechon 159 bhall '1pp1y On a poll every member shall have voting rights

In case of joint-holders, the i.fbte‘(‘)l' e senior wh(-)'téndelb a vote, whether in person or by proxy or
through video-link shall be accepted to the exclusion of the votes of the other joint-holders; and for this
purpose seniority shall be dete1mmed by the order in which the names stand in the register of

members.

. A member of unsound mind, or in respect of whom an order has been made by any court having

jurisdiction in lunacy, may vote, whether on show of hands or on a poll or through video link, by his
committee or other legal guardian, and any such committee or guardian may, on a poll, vote by proxy.

On a poll votes may be given either personally or through video-link, by proxy or through postal ballot:

Provided that nobody corporate shall vote by proxy as long as a resolution of its directors in
accordance with the provisions of section 138 is in force.

. (1) The instrument appointing a proxy shall be in writing under the hand of the appointer or of his

attorney duly authorised in writing.

(2) The instrument appointing a proxy and the power-of-attorney or other authority (if any) under
which it is signed, or a notarially certified copy of that power or authority, shall be deposited at the
registered office of the company not less than forty-eight hours before the time for holding the meeting
at which the person named in the instrument proposes to vote and in default the instrument of proxy
shall not be treated as valid.

An instrument appointing a proxy may be in the following form, or a form as near thereto as
may be:

INSTRUMENT OF PROXY

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED
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M csissavsviissticoieses 715 R B0 svisvimisasssmasci s T being a
member  of  the SOLIS CHARLIE ENERGY (PRIVATE) LIMITED,  hereby appoint
......................................... FHO srsnvnsarssnsssnssnians sonsmasrapesmirnsasiasoisssssssisssn B MUY ROy 4O

attend and vote on my behalf at the (statutory, annual, extraordinary, as the case may be) general
meeting of the company to be held on the............day of ..o, , 20...... and at

any adjournment thereof."

43. A vote given in accordance with the terms of an instrument of proxy shall be valid notwithstanding
the previous death or insanity of the principal or revocation of the proxy or of the authority under
which the proxy was executed, or the transfer of the share in respect of which the proxy is given,
provided that no intimation in writing of such death, insanity, revocation or transfer as aforesaid shall
have been received by the company at the office before the commencement of the meeting or adjourned
meeting at which the proxy is used.

DIRECTORS

44. The following subscribers of the memorandum of association shall be the first directors of the company,
so, however, that the number of directors shall not in any case be less than that specthed\m'stt‘:ti(m 154_
and they shall hold office until the election of directors in the first annual genelal meetmg

i. | MRr.ABDULBASITTOLA
ii. | Mr. MUHAMMAD ABDULLAH KIAWAR 11
iii. | MR. FARMAN AHMED IKHAN LODHI

45. The remuneration of the directors shall from time to time be determined by the Lompany m gene ral
meeting subject to the provisions of the Acl

46. Save as provided in section 153, no person shall be appointed as a director unless he is a metmber of the
company.

POWERS AND DUTIES OF DIRECTORS

47. The business of the company shall be managed by the directors, who may pay all expenses incurred in
promoting and registering the company, and may exercise all such powers of the company as are not
by the Act or any statutory modification thereol for the time being in force, or by these regulations,
required to be exercised by the company in general meeting, subject nevertheless to the provisions of
the Act or to any of these regulations, and such regulations being not inconsistent with the aforesaid
provisions, as may be prescribed by the company in general meeling but no regulation made by the
company in general meeting shall invalidate any prior act of the directors which would have been valid
if that regulation had not been made.

48. The directors shall appoint a chief executive in accordance with the provisions of sections 186 and 187.

49. The amount for the time being remaining undischarged of moneys borrowed or raised by the directors
for the purposes of the company (otherwise than by the issue of share capital) shall not at any time,

S50OLIS CHARLIE ENERGY (PRIVATE) LIMITED



50.

51.

52.

without the sanction of the company in general meeting, exceed the issued share capital of the
company. :

The directors shall duly comply with the provisions of the Act, or any statutory modification thereof

for the time being in force, and in particular with the provisions in regard to the registration of the
particulars of mortgages, charges and pledge affecting the property of the company or created by it, to
the keeping of a register of the directors, and to the sending to the registrar of an annual list of members,
and a summary of particulars relating thereto and notice of any consolidation or increase of share
capital, or sub-division of shares, and copies of special resolutions and a copy of the register of directors
and notifications of any changes therein.

MINUTE BOOKS

The directors shall cause records to be kept and minutes to be made in book or books with regard to-

(a) all resolutions and proceedings of general meeting(s) and the meeting(s) of directors and
Committee(s) of directors, and every n 1embe: plesent at any general meeting and every director
present at any meeting of dnectdrs or Commlttee ofdirectors shall put his signature in a book to

= ST E R

be kept for that purpose; ;.f.” S 3 v
(b) recording the names of the persons piesent at ewch meetmg of the directors and of any committee
of the directors, and the genem] meetmg, and

(c) all orders made by the directors ;md Commlttee(s) of duectors

Provided that all records related to prodé’edings through video-link shall be maintained in accordance
with the relevant regulations specified by the Commission which shall be appropriately rendered into
writing as part of the minute books according to the said regulations.

THE SEAL

The directors shall provide for the safe custody of the seal and the seal shall not be affixed to any
instrument except by the authority of a resolution of the board of directors or by a committee of
directors authorized in that behalf by the directors and in the presence of at least two directors and of
the secretary or such other person as the directors may appoint for the purpose; and those two directors
and secretary or other person as aforesaid shall sign every instrument to which the seal of the company
is so affixed in their presence.

DISQUALIFICATION OF DIRECTORS

. No person shall become the director of a company if he suffers from any of the disabilities or

disqualifications mentioned in section 153 or disqualified or debarred from holding such office under
any of the provisions of the Act as the case may be and, if already a director, shall cease to hold such
office from the date he so becomes disqualified or disabled:

Provided, however, that no director shall vacate his office by reason only of his being a member of any
company which has entered into contracts with, or done any work for, the company of which he is
director, but such director shall not vote in respect of any such contract or worlk, and if he does so vote,
his vote shall not be counted.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




54.

55.

57.

58.

60.

61.

62.

PROCEEDINGS OF DIRECTORS

The directors may meet together for the dispatch of business, adjourn and otherwise regulate their
meetings, as they think fit. A director may, and the secretary on the requisition of a director shall, at
any time, summon a meeting of directors. Notice sent to a director through email whether such director
is in Pakistan or outside Pakistan shall be a valid notice.

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

. At least one-third (1/39) of the total number of directors or two (2) directors whichever is higher, for

the time being of the company, present personally or through video-link, shall constitute a quorum.

Save as otherwise expressly provided in the Act, every question at meetings of the board shall be
determined by a majority of votes of the directors present in person or through video-link, each director
having one vote. In case of an equality of votes or tie, the chairman shall have a casting vote in addition
to his original vote as a director.

The directors may delegate any of their powers not required to be exercised in- tl]eu‘\meétmg to
commitlees consisting of such member or members of their body as they think flt "my tommlttee sp
formed shall, in the exercise of the powers so delegated, conform to any testuchons that may be -
imposed on them by the directors. v

,_;_ ¥ BN RY ieds .;<

. (1) A committee may elect a chairman of its meetings; but, if no such Ch'mm'm\ls elucted or; n at 111)P

meeting the chairman is not present within ten minutes after the time appomted fm holdmg the same
or is unwilling to act as chairman, the members present may choose one of their number’ tO be chan‘man
of the meeting, '

(2) A committee may meet and adjourn as it thinks proper. Questions arising at any meeting shall be
determined by a majority of votes of the members present. In case of an equality of votes, the chairman
shall have and exercise a second or casting vote.

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

A copy of the draft minutes of meeting of the board of directors shall be furnished to every director
within seven working days of the date of meeting,

A resolution in writing signed by all the directors for the time being entitled to receive notice of a
meeting of the directors shall be as valid and effectual as if it had been passed at a meeting of the
directors duly convened and held.
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

FILLING OF VACANCIES

At the first annual general meeting of the company, all the directors shall stand retired from office, and
directors shall be elected in their place in accordance with section 159 for a term of three years.

A retiring director shall be eligible for re-election.

The directors shall comply with the provisions of sections 154 to 159 and sections 161, 162 and 167
relating to the election of directors and matters ancillary thereto.

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

The company may remove a d'il*éct01w,fi'5ijtl_d:j{ljf in accordance with the provisions of the Act.

. DIVIDENDS AND RESERVE

The company in general meeting m:ay-r'declare__;ﬁﬁridends but no dividend shall exceed the amount
recommended by the directors. rige e

The directors may from time to time pay to the members such interim dividends as appear to the
directors to be justified by the profits of the company.

Any dividend may be paid by a company either in cash or in kind only out of its profits.

Dividend shall not be paid out of unrealized gain on investment property credited to profit and loss
account.

Subject to the rights of persons (if any) entitled to shares with special rights as to dividends, all
dividends shall be declared and paid according to the amounts paid on the shares.

(1) The directors may, before recommending any dividend, set aside out of the profits of the company
such sums as they think proper as a reserve or reserves which shall, at the discretion of the directors,
be applicable for meeting contingencies, or for equalizing dividends, or for any other purpose to which
the profits of the company may be properly applied, and pending such application may, at the like
discretion, either be employed in the business of company or be invested in such investments (other
than shares of the company) as the directors may, subject to the provisions of the Act, from time to time
think fit.

(2) The directors may carry forward any profits which they may think prudent not to distribute,
without setting them aside as a reserve.

If several persons are registered asjoint-holders of any share, any one of them may give effectual receipt
for any dividend payable on the share.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




75,

76.

77.

78.

79.

80.

81.

82.

84.

85.

(1) Notice of any dividend that may have been declared shall be given in manner hereinafter mentioned
to the persons entitled to share therein.

(2) Any dividend declared by the company shall be paid to its registered shareholders or to their order.
The dividend payable in cash may be paid by cheque or warrant or in any electronic mode to the
shareholders entitled to the payment of the dividend, as per their direction.

The dividend shall be paid within the period laid down under the Act,
ACCOUNTS
The directors shall cause to be kept proper books of account as required under section 220.

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

The directors shall from time to time determine whether and to what extent and at what time and
places and under what conditions or regulations the accounts and books or papers of the company or
any of them shall be open to the inspection of members not being directors, and no member (not being
a director) shall have any right of inspecting any account and book or papers of the company. except as
conferred by law or authorised by the directors or by the company in general meetmg' :

The directors shall as required by sections 223 and 226 cause to be prepared and tq be lald before lhe_
company in general meeting the financial statements duly audited and lep()lts as are 1efeued to int
those sections. il
W , i
The financial statements and other reports referred to in regulation 81 shall be nnde out in evmy yeat
and laid before the company in the annual general meeting in accordance with sections, 132 and 223..

A copy of the financial statements and reports of directors and audilors shall, at least twenty-one days
preceding the meeting, be sent to the persons entitled to receive notices of general meetings in the
manner in which notices are to be given hereunder.

. The directors shall in all respect comply with the provisions of sections 220 to 227.

Auditors shall be appointed and their duties regulated in accordance with sections 246 to 249.

NOTICES

(1) A notice may be given by the company to any member to his registered address or if he has no
registered address in Pakistan to the address, if any, supplied by him to the company for the giving of
notices to him against an acknowledgement or by post or courier service or through electronic means
or in any other manner as may be specified by the Commission.

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED




(2) Where a notice is sent by post, service of the notice shall be deemed to be effected by properly
addressing, prepaying and posting a letter containing the notice and, unless the contrary is proved, to
have been effected at the time at which the letter will be delivered in the ordinary course of post.

86. A notice may be given by the company to the joint-holders of a share by giving the notice to the joint-
holder named first in the register in respect of the share.

87. A notice may be given by the company to the person entitled to a share in consequence of the death or
insolvency of a member in the manner provided under regulation 86 addressed to them by name, or
by the title or representatives of the deceased, or assignees of the insolvent, or by any like description,
at the address, supplied for the purpose by the person claiming to be so entitled.

88. Notice of every general meeting shall be given in the manner hereinbefore authorised to (a) every
member of the company and also to (b) every person entitled to a share in consequence of the death or
insolvency of a member, who but for his death or insolvency would be entitled to receive notice of the
meeting, and (c) to the auditors of the COmpaNy for the time being and every person who is entitled to
receive notice of general meetmgs Nl

.- WINDING UP

89. (1) In the case of members' vglunta‘r‘)'r'._}.{;'in‘d.ilng up, with the sanction of a special resolution of the
company, and, in the case of creditprs’ voiuh‘ia‘ry winding up, of a meeting of the creditors, the
liquidator shall exercise any of the powers given: by sub-section (1) of section 337 of the Act to a
liquidator in a winding up by the Court’ 1ncludmg inter-alin divide amongst the members, in specie or
kind, the whole or any part of the assets of the company, whether they consist of property of the same
kind or not.

(2) For the purpose aforesaid, the liquidator may set such value as he deems fair upon any property to
be divided as aforesaid and may determine how such division shall be carried out as between the
members or different classes of members.

(3) The liquidator may, with the like sanction, vest the whole or any part of such assets in trustees upon
such deeds for the benefit of the contributories as the liquidator, with the like sanction, thinks fit, but
so that no member shall be compelled to accept any shares or other securities whereon there is any
liability.

DISPUTE RESOLUTION

90. In the event that a dispute, claim or controversy arises between the Company, its management or its
sharcholders, or between the shareholders inter-se, or the directors inter-se, all steps shall be taken to
settle the dispute and resolve the issue through mediation by an accredited mediator befme taking
recourse to formal dispute resolution such as arbitration or litigation. -

INDEMNITY

SOLIS CHARLIE ENERGY (PRIVATE) LIMITED



91. Every officer or agent for the time being of the company may be indemnified out of the assets of the
company against any liability incurred by him in defending any proceedings, whether civil or criminal,
arising out of his dealings in relation to the affairs of the company, except those brought by the
company against him, in which judgment is given in his favour or in which he is acquitted, or in
connection with any application under section 492 in which relief is granted to him by the Court.
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What is Solis?

Fossil Fuel has traditionally been the largest source for
generating electricity, gradually though we have seen
its adverse effects harm our environment and the need
for more affordable energy has been dictating energy
policies for some years now. The methods of old are
simply unacceptable today, they produce expensive
energy, and they pollute our environment. The world is
moving fast to clean and green energy and Solar
Power is one of the most attractive options available to
us with potentially unlimited capabilities.

Solis's core focus is to leverage that unlimited
potential and provide reliable solutions and
dependable customer support which can help
drive down the cost of energy you pay for today

through a pragmatic and feasible solar powered
system.

But how do you do that in a manner that doesn’t hinder your activities
or operations? Solis can help supplement the energy you pay for
today by enabling you to effectively generate your own, which means
you consume less billable power.

Our Pay as You Go mechanism ensures that you can significantly
reduce your energy footprint which ultimately results in more

savings for you!




Financial Support Model

Solis’s primary business value is the promise of affordable Solar Power. And being
committed to our promise, we have partnered with Bank to offer various leasing options
that allow our customers to easily avail the benefits that Solis has to offer.

OPTION A
Direct Consumer Financing through Bank*

— Flexible Tenure, 1-3 Years
— Minimum Up Front from as low as 20%
— Affordable Monthly Payments

OPTION B

Leasing of Equipment*
. Flexible Tenure
— Minimum Up Front Down Payment
— Affordable Monthly Rentals

* Subject to approval



Our Offerings

One of Solis’s key targets is the facilitation of the commercial and industrial sectors, this is

derived on the basis of 2 key objectives;

The commercial sector is extremely vital due
to its status as a driving force behind the
local economy. Solis aims to provide an
affordable clean and green environment
friendly source of power to this sector which
will result in a tremendously reduced carbon
footprint as well as significant savings in
energy cost to the consumer too.

The industrial sector is the main powerhouse
behind the nation’s growth, due its
tremendous size and as a result significantly
larger energy requirements, standard
solutions aren’t cut out for doing the job. This
is why Solis provides bespoke large scale

grid-tied solutions to suit your needs.




©

1nannne Types of Solutions

ON-GRID SOLAR SYSTEM

An On-Grid solution is connected to the public electricity grid, this means that any excess
energy produced by the system is fed to the grid and now with the inclusion of
‘Net-Metering’, a consumer can receive compensation for the excess electricity they

generate.
»A <
Y
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HYBRID SOLAR SYSTEM

A hybrid solution combines the best of both worlds and allows you to generate your own
electricity and also reap the benefits of Net Metering along with sustained backup and
battery support. Since it is connected to the public grid it is less expensive than a

completely off-grid solution.

Solar Power Input

é'

Inverter

Load

e

Solar Panels

Discharging

Charging |
Grid g . Feed-in to grid T
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OFF-GRID SOLAR SYSTEM

An Off-Grid solution is completely isolated from the public electricity grid and comes with
its own Battery Backup to ensure supply long after the Sun is gone. Usually this is an
option for customers who are isolated or have no access to the electricity grid. For details
contact Solis’s product team.

Home/Office/Factory

Battery

Solar Panels
Inverter

A A
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Our Process

(1)

We Exercise Due Diligence to
determine your Needs!

Each customer is different, we understand this all too well which is why our experts make on-site

visits, technically analyze, plan and take all considerations into account as they deliberate on a
system that meets your needs.

©

Our experts install your solution
as per the Best Industry Practices!

Using some of the best equipment available in PV Technology today and having capable

personnel to handle the process, we install the equipment as per the proposed design and ensure
its lasting and optimum performance.

©)

Assured Commitment to Quality and
Dedicated Customer Support

Our commitment to you doesn’t end with installation of the system, rather we build and maintain
the trust of our customers by ensuring that our support team stay in touch to make module integrity

certain on a timely basis. Swift and satisfactory resolution of customer queries is the top priority of
our support team.



ACT US

to get in touch with us at one of our two offices

KARACHI

Solis Energy Solutions Pvt.
Ltd. C-18, Block 4 Clifton,
Karachi — Pakistan.

Telephone: +92 (21) 3587 6531
Fax: +92 (21) 3587 6621

LAHORE

Solis Energy Solutions Pvt. Ltd.
2nd Floor, Plaza 3, Block XX,
Ph. Ill, D.H.A

Lahore — Pakistan.

Telephone: +92 (42) 3569 3855
Fax: +92 (21) 3587 6621

www.solis-energy.com

For any direct queries or feedback feel free to
write to us at info@solis-energy.com

Lh—

T T

or more details of our products and offerings feel free

PRI P T P ki

QUETTA -
Solis Energy Solutions P

Ltd. Showrooms 1- ot 5,
Main Airport Ri
Gul Muhammad Sae
Quetta — Pakistan.

=
Telephone: +92(81) 230 1714




Purchase and Seller Brief



SO-LIS

PROJECT BRIEF AND PURPOSE OF THE
PROJECT

POWER SELLER - SOLIS CHARLIE ENERGY PRIVATE LIMITED

Solis Charlie Energy Pvt Ltd, a company registered and existing under the laws of Pakistan
having its registered office at 3" Floor, Horizon Vista, Block 4, Scheme 05, Clifton Karachi,
Pakistan (the “Seller”). The Seller desires to develop, design, construct, own and operate the
Solar PV plants (the “Plants) of 3 MWp aggregate to be installed at the following locations.

DISCO Location Plant size District Province
RWP CMH 1 MWp Rawalpindi Punjab

IESCO RWP MH 1 MWp Rawalpindi Punjab
RWP Golf Club 1 MWp Rawalpindi Punjab

The Seller intends to sell all the Energy generated by the Solar PV Plant to Military
Engineer Services (MES) (“the Purchaser”) for the period of 25 years.

POWER PURCHASER — MILLITARY ENGINEERING SERVICES

MES (Military Engineer Services), an organization represented by DGW&CE (Army) or its
designated officer of Military Engineer Services, working under the umbrella of Armed
Forces of Pakistan and existing under the laws of Pakistan, having its registered head office
at GHQ Rawalpindi (the “Purchaser”).

The Purchaser shall provide land on Rent to the Seller for the construction, operation and
maintenance of a Grid Connected Solar PV Plants of 3 MWp aggregate for the period of 25
years.

The Seller shall invest, design, construct, install, own, operate, and maintain the Plant located
at the land provided on rent by the Purchaser to the Seller for duration of the Power Purchase
Agreement and the Purchaser shall purchase all of the power generated or available by the
Plant from the Seller under the agreed terms and conditions and the Puchaser will provide
facilitation to the Seller in early achievement of Commerical Operation Date.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan

www.solis-energy.com



SO-LIS

PROJECT RATIONAL

GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power
Plant at different locations in their premises, by which they can reduce the electricity
consumption from the conventional grid and use the Solar generated units for running the
load. The Military Engineering Services - GHQ wants to decrease the electricity utilization
from conventional grid due to cost-saving. Under these circumstances, GHQ has decided to
switch the maximum load on Solar PV System that will produce the cheaper units than the
conventional grid units.

Solis Charlie Energy is found to be very much suitable among different EPC contractors
technically as well as financially, therefore GHQ has awarded the project to Solis Charlie
Energy.

TECHNOLOGY

e Solar PV Grid tie system with all necessary protection, instrumentation, monitoring,
control and synchronizing with Grid.

e Solar based Power Generation System, civil structures and Auxiliaries

e LV cable for interconnection of the system with 400V switchgear. Board and control
wires for the necessary communication and control system.

e 330 Wp PV Modules of Tier 1 Manufacturer with 17.0% efficiency.

e 50 kVA Grid-Tie smart inverter with all necessary protections.

e All the electrical installations and wiring for the PV System in accordance with the
codes and standard.

PROJECT LOCATIONS

Site Name Capacity Location Geographical
Coordinates
Rwp Golf Course 1MW Rawalpindi Golf 33.58°N, 73.09%E
Course
CMH Hospital 1 MW CMH, Rawalpindi 33.58°N, 73.05°%E
MH Hospital 1 MW MH, Rawalpindi 33.59°N, 73.04%
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan
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CHARLIE ENERGY

Rwp Golf Course

1 MWp Solar PV On-Grid system is to be installed at the allocated space in Rawalpindi Golf
Course. The designing of the system is done by considering total available area, minimum
and maximum operating load and synchronizing voltage. Main objective of installing solar
plant is to minimize the electricity utilization from the grid and revert the extra generated
units from solar to the grid.

ROUTE MAP: RAWALPINDI TO SITE

o g

./w. o4

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan
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CHARLIE ENERGY

CMH Hospital

1 MWp Solar PV On-Grid system is to be installed at the allocated space at CMH,
Rawalpindi. The designing of the system is done by considering total available area,
minimum and maximum operating load and synchronizing voltage. Main objective of

installing solar plant is to minimize the electricity utilization from the grid and revert the
extra generated units from solar to the grid.

ROUTE MAP: RAWALPINDI CITY TO SITE
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MH Hospital

1 MWp Solar PV On-Grid system is to be installed at the allocated space at MH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units

from solar to the grid.

ROUTE MAP: RAWALPINDI CITY TO SITE
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TECHNOLOGY USED

S.No. | Parameters

1 Technology Grid Tie, Solar PV Power Plant
2 System Size 3 MWp

3 Solar Modules Polycrystalline Solar PV Module
4 Inverter On-Grid String Inverter, SMA
BLOCK DIAGRAM

Block Diagram

DC Power 6
=

AC Inverter

AC Power l

Kiosk Station

e e
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CONCEPTUAL DESIGN

Conceptual Diagram LEGENDS
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TYPE, TECHNOLOGY, MODEL, TECHNICAL DETAILS

AND DESIGN OF FACILITY

DESIGN DETAILS — CMH RAWALPINDI -1 MW

Polycrystalline 330 Wp Solar Modules with efficiency 17.0% are used in the design
50 kVA grid connected solar inverters, 400 three phase, 98.9% have been considered
System will be synchronized with 400 V Grid.

DC/AC Ratio of 1.11 for inverters has been considered.

Maximum AC output of the system is assumed to be 900 KVA

Output of the system is based on the instantaneous irradiation value of Solar Energy

BILL OF MATERIALS

S.No. Items ‘ Description ’ Quantity
CMH Rawalpindi -1 MW
1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured | 3032
2 Inverters Grid-Tie Solar Inverters 50 kVA 3 phase 18
ENERGY GENERATION

S.No. Efficiency Parameters

CMH Rawalpindi -1 MW

1 Capacity Utilization Factor 16.82%
2 Energy Generation Units 1.47 Million kWh
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
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DESIGN DETAILS — MH RAWALPINDI -1 MW

Polycrystalline 330 Wp Solar Modules with efficiency 17.0% are used in the design
50 kVA grid connected solar inverters, 400 three phase, 98.9% have been considered
System will be synchronized with 400 V Grid.

DC/AC Ratio of 1.11 for inverters has been considered.

Maximum AC output of the system is assumed to be 900 KVA

Output of the system is based on the instantaneous irradiation value of Solar Energy

BILL OF MATERIALS

S.No. | Items \ Description | Quantity
MH Rawalpindi -1 MW
1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured | 3032
2 Inverters Grid-Tie Solar Inverters 50 kVA 3 phase 18
ENERGY GENERATION
S.No. Efficiency Parameters
MH Rawalpindi - 1 MW
1 Capacity Utilization Factor 16.66%
2 Energy Generation Units 1.46 Million kWh
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
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DESIGN DETAILS — RAWALPINDI GOLF CLUB -1 MW

Polycrystalline 330 Wp Solar Modules with efficiency 17.0% are used in the design
150 kVA grid connected solar inverters, 600 V three phase, 98.9% have been
considered

System will be synchronized with 11 KV Grid.

DC/AC Ratio of 1.11 for inverters has been considered.

Maximum AC output of the system is assumed to be 900 KVA

Output of the system is based on the instantaneous irradiation value of Solar Energy

BILL OF MATERIALS

S.No. ‘ Items ‘ Description ‘ Quantity
Rawalpindi Golf Course — 1 MW
1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured | 3052
2 Inverters Grid-Tie Solar Inverters 150 kVA 3 phase 6
ENERGY GENERATION
S.No. Efficiency Parameters
Rawalpindi Golf Course - 1 MW
1 Capacity Utilization Factor 16.54%
2 Energy Generation Units 1.45 Million kWh
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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TECHNOLOGY USED
S.No. | Parameters
1. | Technology Grid Tie, Solar PV Power Plant
2. | System Size—RWP | 1 MWp
CMH
3. | System Size—RWP | 1 MWp
MH
4, | System Size —RWP | 1 MWp
Golf Club
5. | Total System Size | 6.5 MWp
6. | Solar Modules Polycrystalline Solar PV Module
7. | Inverter On-Grid String Inverter, SMA
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BLOCK DIAGRAM

Block Diagram
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CONCEPTUAL DESIGN

Conceptual Diagram LEGENDS

Parwls = 25° Tilt

DE Cable
AL Cabie
AL Brescer

T Cambinar
| ftsolator/Fuses/5#0s
Inwertar

==

aaaaa

——=
| M—
=
=
©

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan



S50-LIS

SITE LAYOUTS
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FEASIBILITY REPORT
CMH 1 MWp SOLAR PV PLANT

Introduction
This report has the objective to assess the feasibility of this project and is structured as
follows:
e Introduction to Solar
e Solar Potential in Pakistan
e Project Overview
e Site Overview
e Conceptual Design
e Environmental Benefits
e Socio Economic Benefits
e Technical Summary

Executive Summary

1 MWp Solar PV On-Grid system is to be installed at the allocated space at CMH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units
from solar to the grid.

Introduction to Solar

Solar is one of the natural sources for the generation of electricity, either directly using
photovoltaic or indirectly using concentrated solar power.

While generating electricity directly using photovoltaic, the used technologies include On-
Grid System, Off-Grid System and Hybrid system (both on-grid and off-grid). As the cost of
solar electricity has reduced, many grid-connected solar PV system has been built. Solar PV
is rapidly becoming an inexpensive, low-carbon technology to harness renewable energy
from sun. The most important factor influencing the generation is the solar irradiance,
which changes throughout the day and it is affected by the land’s latitude and climate
conditions.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Solar Potential in Pakistan

Pakistan’s per capita electricity consumption is comparatively lower than other countries in
a similar development stage. The consumption of electricity mostly depends on Human
Development Index (HDI), and the current trend of rising incomes and energy supplies,
falling poverty levels. This creates a healthy demand for additional power generation.

Even with the projected surplus in power generation capacity by 2020, there will still be
enough economic feasibility for small and medium-sized (50-100 MW) renewable energy-
based power projects in Pakistan. The viability of these projects will be further enhanced by
the continued decline in technology prices and the emphasis by the government on
indigenous energy resources that also help the country meet its environmental objectives
and reduce carbon emissions.

Project Overview

GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power Plant at
different location in their premises, by which they can reduce the electricity consumption
from the conventional grid and use the Solar generated units for running the load. 1 MWp
Solar PV Plant has been designed for CMH, Rawalpindi which will get synchronize with the
conventional 400 V Grid already present at the site. The site is located at CMH, Rawalpindi
in the province of Punjab.

The summary of site which is very much feasible for the installation of Solar PV plant is as
follow:

Site Name Capacity Location Geographical
Coordinates
CMH, Rawalpindi 1MW CMH, Rawalpindi 33.58°N, 73.05°E

Project Rationale

The Military Engineering Services - GHQ wants to decrease the electricity utilization from
conventional grid due to cost-saving. Under these circumstances, GHQ has decided to switch the
maximum load on Solar PV System that will produce the cheaper units than the conventional grid
units.

Solis Charlie Energy is found to be very much suitable among different EPC contractors technically as
well as financially, therefore GHQ has awarded the project to Solis Charlie Energy.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
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Technology

e Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control
and synchronizing with Grid.

e Solar based Power Generation System, civil structures and Auxiliaries

e LV cable for interconnection of the system with 400V switchgear. Board and control wires
for the necessary communication and control system.

e 330 Wp PV Modules of Tier 1 Manufacturer with 17.0% efficiency.

e 50 kVA Grid-Tie smart inverter with all necessary protections.

o All the electrical installations and wiring for the PV System in accordance with the codes and
standard.

Project Location
Site Overview
Site for the project covers an approx. area of 1 acre and is located at CMH, Rawalpindi. The

Geographical coordinates of the site are 33.58°N and 73.05°E.

ROUTE MAP: RAWALPINDI CITY TO SITE

Tk H ATAIN'A 635

Climate and Weather in Rawalpindi
The average temperature in Rawalpindi is 21.5 °C. In a year, the average rainfall is 941
mm/year.
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The graph below shows the average climate and weather of Rawalpindi.
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The Global Horizontal Irradiance (GHI)-kWh/sq.m data for the site based on meteonorm 7.1
data is shown below

Rawalpindi
Jan 82.9
Feb 83.5
Mar 140.7
Apr 165.6
May 203.8
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Jun 195.8
Jul 183.4
Aug 168.4
Sep 163.9
Oct 144.4
Nov 108.7
Dec 79.6
Total 1720.6
oG Mot
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O & M Costs

The project also includes 24/7 O&M of the complete PV plant including all its relevant
system and equipment. This cost will include the following items inclusive of all importation
and local charges, duties, taxes, etc.

Provision of all manpower as duly approved by the company.

Provision of all consumable material and parts.

Provision of all routine and preventive maintenance parts.

Periodic cleaning of PV modules.

Timely update of inverter’s firmware (if necessary).

Periodic maintenance of Electrical distribution board parts.

Corrective maintenance of inverter or electrical panels in case of any fault.
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Feasibility & Financing
The project at CMH Hospital upto 1 MW will cost approximately PKR 94,874,703.

CMH Hospital upto 1 MW
Project Cost PKR
EPC 93,801,475
Insurance.Durlng 135,814
Construction
CAPEX 93,937,290
Financing Fee 189,748
Interest D.urlng 747,665
Construction
PROJECT COST 94,874,703
Equity 18,975,456
Debt 75,899,246

Socio-Economic and Environmental Benefits

There are many different benefits which can be achieved from Solar Energy. Some of them
are discussed below.

Upgrading power grids to integrate renewables also contributes to broader value creation,
while operation and maintenance of renewable energy facilities creates long-term jobs for
plant monitoring, equipment inspections and repair services. With the emergence of a local
renewable energy industry, numerous opportunities for domestic value creation arise along
all segments of the value chain.

The ever-increasing cost of fuel and power has become a big issue for many under-
developed and developing countries. The socio-economic condition of people living in these
areas is not as per the normal standard. Hence, it becomes imperative to provide these
people with cheap power and energy. The governments in these areas look for options, like
solar energy, to initiate a better and proper distribution of power. This has also helped these
people to grow and develop themselves so that they can erase the economic inequality in
the country.

The benefits of solar energy are ever increasing with different technologies coming up. The
research and development of various solar plants will surely create a sense of equality
among different economic groups in the world.
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Conceptual Design

Generation Voltage
The Solar PV System will be generating the electricity at 400 V and it will be synchronized on
the same voltage level.

Power Factor & Frequency

CMH Rawalpindi 1 MW Solar PV system is using Grid-Tie inverters of 50 KVA to convert DC
power of solar panels to Alternating Power. The Power Factor is adjustable from 0O
overexcited to 0 underexcited and the rated Power Factor at nominal power is 1. The range
of frequency of the inverter is 45-65 Hz and nominal frequency of generation is 50 Hz.

Metering and Protection
The energy which will be generated by Solar System will be locked in the inverters and a
separate CT meters will be installed at the site, by which the instantaneous power, daily
energy, monthly energy and total energy can be measured.
The inverters with the following protections will be installed at the site.

e DC current reverse connection protection

e AC short circuit protection

e Leakage current protection

e Grid monitoring

e DC fuse and over current protection

e Anti-PID function

e Overvoltage protection

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan



LIS

Technical Summary

Polycrystalline 330 Wp Solar Modules with efficiency 17.0% are used in the design
50 kVA grid connected solar inverters, 400 three phase, 98.9% have been considered
System will be synchronized with 400 V Grid.

DC/AC Ratio of 1.11 for inverters has been considered.

Maximum AC output of the system is assumed to be 900 KVA

Output of the system is based on the instantaneous irradiation value of Solar Energy

BILL OF MATERIALS

S.No. \ Items ‘ Description ’ Quantity
CMH Rawalpindi -1 MW
1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured | 3032
2 Inverters Grid-Tie Solar Inverters 50 kVA 3 phase 18
ENERGY GENERATION
S.No. Efficiency Parameters
CMH Rawalpindi -1 MW
1 Capacity Utilization Factor 16.82%
2 Energy Generation Units 1.47 Million kWh
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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FEASIBILITY REPORT
MH 1 MWp SOLAR PV PLANT

Introduction
This report has the objective to assess the feasibility of this project and is structured as
follows:
e Introduction to Solar
e Solar Potential in Pakistan
e Project Overview
e Site Overview
e Conceptual Design
e Environmental Benefits
e Socio Economic Benefits
e Technical Summary

Executive Summary

1 MWop Solar PV On-Grid system is to be installed at the allocated space at MH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units
from solar to the grid.

Introduction to Solar

Solar is one of the natural sources for the generation of electricity, either directly using
photovoltaic or indirectly using concentrated solar power.

While generating electricity directly using photovoltaic, the used technologies include On-
Grid System, Off-Grid System and Hybrid system (both on-grid and off-grid). As the cost of
solar electricity has reduced, many grid-connected solar PV system has been built. Solar PV
is rapidly becoming an inexpensive, low-carbon technology to harness renewable energy
from sun. The most important factor influencing the generation is the solar irradiance,
which changes throughout the day and it is affected by the land’s latitude and climate
conditions.
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Solar Potential in Pakistan

Pakistan’s per capita electricity consumption is comparatively lower than other countries in
a similar development stage. The consumption of electricity mostly depends on Human
Development Index (HDI), and the current trend of rising incomes and energy supplies,
falling poverty levels. This creates a healthy demand for additional power generation.

Even with the projected surplus in power generation capacity by 2020, there will still be
enough economic feasibility for small and medium-sized (50-100 MW) renewable energy-
based power projects in Pakistan. The viability of these projects will be further enhanced by
the continued decline in technology prices and the emphasis by the government on
indigenous energy resources that also help the country meet its environmental objectives
and reduce carbon emissions.

Project Overview

GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power Plant at
different location in their premises, by which they can reduce the electricity consumption
from the conventional grid and use the Solar generated units for running the load. 1 MWp
Solar PV Plant has been designed for MH, Rawalpindi which will get synchronize with the
conventional 400 V Grid already present at the site. The site is located at MH, Rawalpindi in
the province of Punjab.

The summary of site which is very much feasible for the installation of Solar PV plant is as
follow:

Site Name Capacity Location Geographical
Coordinates
MH, Rawalpindi 1MW MH, Rawalpindi 33.59°N, 73.04°%E

Project Rationale

The Military Engineering Services - GHQ wants to decrease the electricity utilization from
conventional grid due to cost-saving. Under these circumstances, GHQ has decided to switch the
maximum load on Solar PV System that will produce the cheaper units than the conventional grid
units.

Solis Charlie Energy is found to be very much suitable among different EPC contractors technically as
well as financially, therefore GHQ has awarded the project to Solis Charlie Energy.

Technology

e Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control
and synchronizing with Grid.

e Solar based Power Generation System, civil structures and Auxiliaries

e LV cable for interconnection of the system with 400V switchgear. Board and control wires
for the necessary communication and control system.

e 330 Wp PV Modules of Tier 1 Manufacturer with 17.0% efficiency.

e 50 kVA Grid-Tie smart inverter with all necessary protections.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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o All the electrical installations and wiring for the PV System in accordance with the codes and
standard.

Project Location

Site Overview
Site for the project covers an approx. area of 1 acre and is located at MH, Rawalpindi. The

Geographical coordinates of the site are 33.59°N and 73.04°E.

ROUTE MAP: RAWALPINDI CITY TO SITE
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Climate and Weather in Rawalpindi
The average temperature in Rawalpindi is 21.5 °%C. In a year, the average rainfall is 941

mm/year.
The graph below shows the average climate and weather of Rawalpindi.
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The Global Horizontal Irradiance (GHI)-kWh/sq.m data for the site based on meteonorm 7.1
data is shown below

Rawalpindi
Jan 82.9
Feb 83.5
Mar 140.7
Apr 165.6
May 203.8
Jun 195.8
Jul 183.4
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Aug 168.4
Sep 163.9
Oct 144.4
Nov 108.7
Dec 79.6

Total 1720.6

Pakistan
Direct Normal
Solar Radiation
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O & M Costs

The project also includes 24/7 O&M of the complete PV plant including all its relevant
system and equipment. This cost will include the following items inclusive of all importation
and local charges, duties, taxes, etc.

Provision of all manpower as duly approved by the company.

Provision of all consumable material and parts.

Provision of all routine and preventive maintenance parts.

Periodic cleaning of PV modules.

Timely update of inverter’s firmware (if necessary).

Periodic maintenance of Electrical distribution board parts.

Corrective maintenance of inverter or electrical panels in case of any fault.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Feasibility & Financing
The project at MH Hospital upto 1 MW will cost approximately PKR 94,874,703.

MH Hospital upto 1 MW
Project Cost PKR
EPC 93,801,475
Insurance.Durmg 135,814
Construction
CAPEX 93,937,290
Financing Fee 189,748
Interest D‘urmg 747 665
Construction
PROJECT COST 94,874,703
Equity 18,975,456
Debt 75,899,246

Socio-Economic and Environmental Benefits

There are many different benefits which can be achieved from Solar Energy. Some of them
are discussed below.

Upgrading power grids to integrate renewables also contributes to broader value creation,
while operation and maintenance of renewable energy facilities creates long-term jobs for
plant monitoring, equipment inspections and repair services. With the emergence of a local
renewable energy industry, numerous opportunities for domestic value creation arise along
all segments of the value chain.

The ever-increasing cost of fuel and power has become a big issue for many under-
developed and developing countries. The socio-economic condition of people living in these
areas is not as per the normal standard. Hence, it becomes imperative to provide these
people with cheap power and energy. The governments in these areas look for options, like
solar energy, to initiate a better and proper distribution of power. This has also helped these
people to grow and develop themselves so that they can erase the economic inequality in
the country.

The benefits of solar energy are ever increasing with different technologies coming up. The
research and development of various solar plants will surely create a sense of equality
among different economic groups in the world.
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Conceptual Design

Generation Voltage
The Solar PV System will be generating the electricity at 400 V and it will be synchronized on
the same voltage level.

Power Factor & Frequency

MH Rawalpindi 1 MW Solar PV system is using Grid-Tie inverters of 50 KVA to convert DC
power of solar panels to Alternating Power. The Power Factor is adjustable from 0 leading to
0 lagging and the rated Power Factor at nominal power is 1. The range of frequency of the
inverter is 44-55 Hz and nominal frequency of generation is 50 Hz.

Metering and Protection
The energy which will be generated by Solar System will be locked in the inverters and a
separate CT meters will be installed at the site, by which the instantaneous power, daily
energy, monthly energy and total energy can be measured.
The inverters with the following protections will be installed at the site.

e DC current reverse connection protection

e AC short circuit protection

e Leakage current protection

e Grid monitoring

e DC fuse and over current protection

e Anti-PID function

e Overvoltage protection

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Technical Summary

Polycrystalline 330 Wp Solar Modules with efficiency 17.0% are used in the design
50 kVA grid connected solar inverters, 400 three phase, 98.9% have been considered
System will be synchronized with 400 V Grid.

DC/AC Ratio of 1.11 for inverters has been considered.

Maximum AC output of the system is assumed to be 900 KVA

Output of the system is based on the instantaneous irradiation value of Solar Energy

BILL OF MATERIALS

S.No. \ Items ‘ Description ’ Quantity
MH Rawalpindi -1 MW
1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured | 3032
2 Inverters Grid-Tie Solar Inverters 50 kVA 3 phase 18
ENERGY GENERATION
S.No. Efficiency Parameters
MH Rawalpindi - 1 MW
1 Capacity Utilization Factor 16.66%
2 Energy Generation Units 1.46 Million kWh
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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FEASIBILITY REPORT
RAWALPINDI GOLF COURSE 1 MWp SOLAR PV PLANT

Introduction
This report has the objective to assess the feasibility of this project and is structured as
follows:
e Introduction to Solar
e Solar Potential in Pakistan
e Project Overview
e Site Overview
e Conceptual Design
e Environmental Benefits
e Socio Economic Benefits
e Technical Summary

Executive Summary

1 MWp Solar PV On-Grid system is to be installed at the allocated space at Rawalpindi Golf
Course. The designing of the system is done by considering total available area, minimum
and maximum operating load and synchronizing voltage. Main objective of installing solar
plant is to minimize the electricity utilization from the grid and revert the extra generated
units from solar to the grid.

Introduction to Solar

Solar is one of the natural sources for the generation of electricity, either directly using
photovoltaic or indirectly using concentrated solar power.

While generating electricity directly using photovoltaic, the used technologies include On-
Grid System, Off-Grid System and Hybrid system (both on-grid and off-grid). As the cost of
solar electricity has reduced, many grid-connected solar PV system has been built. Solar PV
is rapidly becoming an inexpensive, low-carbon technology to harness renewable energy
from sun. The most important factor influencing the generation is the solar irradiance,
which changes throughout the day and it is affected by the land’s latitude and climate
conditions.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Solar Potential in Pakistan

Pakistan’s per capita electricity consumption is comparatively lower than other countries in
a similar development stage. The consumption of electricity mostly depends on Human
Development Index (HDI), and the current trend of rising incomes and energy supplies,
falling poverty levels. This creates a healthy demand for additional power generation.

Even with the projected surplus in power generation capacity by 2020, there will still be
sufficient economic feasibility for small and medium-sized (50-100 MW) renewable energy-
based power projects in Pakistan. The viability of these projects will be further enhanced by
the continued decline in technology prices and the emphasis by the government on
indigenous energy resources that also help the country meet its environmental objectives
and reduce carbon emissions.

Project Overview

GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power Plant at
different location in their premises, by which they can reduce the electricity consumption
from the conventional grid and use the Solar generated units for running the load. 1 MWp
Solar PV Plant has been designed for Rawalpindi Golf Course which will get synchronize with
the conventional 11 KV Grid already present at the site. The site is located at Rawalpindi
Golf Course in the province of Punjab.

The summary of site which is very much feasible for the installation of Solar PV plant is as
follow:

Site Name Capacity Location Geographical
Coordinates
Rawalpindi Golf 1MW Rawalpindi Golf Course | 33.58°N, 73.09°E
Course

Project Rationale

The Military Engineering Services - GHQ wants to decrease the electricity utilization from
conventional grid due to cost-saving. Under these circumstances, GHQ has decided to switch the
maximum load on Solar PV System that will produce the cheaper units than the conventional grid
units.

Solis Charlie Energy is found to be very much suitable among different EPC contractors technically as
well as financially, therefore GHQ has awarded the project to Solis Charlie Energy.

Technology

e Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control
and synchronizing with Grid.

e Solar based Power Generation System, civil structures and Auxiliaries

e MV & LV cable for interconnection of the system with 11 KV switchgear. Board and control
wires for the necessary communication and control system.

e 330 Wp PV Modules of Tier 1 Manufacturer with 17.0% efficiency.

e 150 kVA Grid-Tie smart inverter with all necessary protections.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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e DC Combiner Box having 20 inputs with complete DC protections.

e Kiosk station containing LV cabinet (comprising of Energy Analyzer, AC Breakers and
complete protections), Step-up Transformer (0.6/11kV) and Auxiliary Transformer.

o All the electrical installations and wiring for the PV System in accordance with the codes and

standard.

Project Location
Site Overview
Site for the project covers an area of 1.2 acres and is located at Rawalpindi Golf Course. The

Geographical coordinates of the site are 33.58°N and 73.09°E.

ROUTE MAP: RAWALPINDI CITY TO SITE

b S Rawalpindi(e

Climate and Weather in Rawalpindi
The average temperature in Rawalpindi is 21.5 °%C. In a year, the average rainfall is 941

mm/year.
The graph below shows the average climate and weather of Rawalpindi.
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The Global Horizontal Irradiance (GHI)-kWh/sq.m data for the site based on meteonorm 7.1
data is shown below

Rawalpindi
Jan 82.9
Feb 83.5
Mar 140.7
Apr 165.6
May 203.8
Jun 195.8
Jul 183.4
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Aug 168.4
Sep 163.9
Oct 144.4
Nov 108.7
Dec 79.6

Total 1720.6

Pakistan
Direct Normal
Solar Radiation
Annual

KWhimiday
a

O & M Costs
The project also includes 24/7 O&M of the complete PV plant including all its relevant
system and equipment. This cost will include the following items inclusive of all importation
and local charges, duties, taxes, etc.

e Provision of all manpower as duly approved by the company.

e Provision of all consumable material and parts.

e Provision of all routine and preventive maintenance parts.

e Periodic cleaning of PV modules.

e Timely update of inverter’s firmware (if necessary).

e Periodic maintenance of Electrical distribution board parts.

e Corrective maintenance of inverter or electrical panels in case of any fault.

e Periodic and corrective maintenance of transformers and its related equipment.
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Feasibility & Financing
The project at Rawalpindi Golf Club upto 1 MW will cost approximately PKR 94,874,703.

Rawalpindi Golf Club upto 1 MW
Project Cost PKR
EPC 93,801,475
Insurance.Durlng 135,814
Construction
CAPEX 93,937,290
Financing Fee 189,748
Interest D‘urmg 747 665
Construction
PROJECT COST 94,874,703
Equity 18,975,456
Debt 75,899,246

Socio-Economic and Environmental Benefits

There are many different benefits which can be achieved from Solar Energy. Some of them
are discussed below.

Upgrading power grids to integrate renewables also contributes to broader value creation,
while operation and maintenance of renewable energy facilities creates long-term jobs for
plant monitoring, equipment inspections and repair services. With the emergence of a local
renewable energy industry, numerous opportunities for domestic value creation arise along
all segments of the value chain.

The ever-increasing cost of fuel and power has become a big issue for many under-
developed and developing countries. The socio-economic condition of people living in these
areas is not as per the normal standard. Hence, it becomes imperative to provide these
people with cheap power and energy. The governments in these areas look for options, like
solar energy, to initiate a better and proper distribution of power. This has also helped these
people to grow and develop themselves so that they can erase the economic inequality in
the country.

The benefits of solar energy are ever increasing with different technologies coming up. The
research and development of various solar plants will surely create a sense of equality
among different economic groups in the world.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan



SO-LIS

Conceptual Design

Generation Voltage
The Solar PV System will be generating the electricity at 11 KV and it will be synchronized on
the same voltage level.

Power Factor & Frequency

Rawalpindi Golf Course 1 MW Solar PV system is using Grid-Tie inverters of 150 KVA each to
convert DC power of solar panels to Alternating Power. The Power Factor is adjustable from
0 leading to O lagging and the rated Power Factor at nominal power is 1. The range of
frequency of the inverter is 44-55 Hz and nominal frequency of generation is 50 Hz.

Metering and Protection
The energy which will be generated by Solar System will be locked in the inverters and a
separate CT meters will be installed at the site, by which the instantaneous power, daily
energy, monthly energy and total energy can be measured.
The inverters with the following protections will be installed at the site.

e DC current reverse connection protection

e AC short circuit protection

e Leakage current protection

e Grid monitoring

e DC fuse and over current protection

e Anti-PID function

e Overvoltage protection

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Technical Summary

Polycrystalline 330 Wp Solar Modules with efficiency 17.0% are used in the design
150 kVA grid connected solar inverters, 600 V three phase, 98.9% have been
considered

System will be synchronized with 11 KV Grid.

DC/AC Ratio of 1.11 for inverters has been considered.

Maximum AC output of the system is assumed to be 900 KVA

Output of the system is based on the instantaneous irradiation value of Solar Energy

BILL OF MATERIALS

S.No. \ Items ‘ Description ’ Quantity
Rawalpindi Golf Course — 1 MW
1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured | 3052
2 Inverters Grid-Tie Solar Inverters 150 kVA 3 phase 6
ENERGY GENERATION
S.No. Efficiency Parameters
Rawalpindi Golf Course - 1 MW
1 Capacity Utilization Factor 16.54%
2 Energy Generation Units 1.45 Million kWh
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Company Prospectus

Company Background

Company provides an end to end solution to acquire, deploy, operate and maintain Solar Energy
Solutions in collaboration with leading Tier 1 OEM’s when it comes to Solar System Equipment. The
Company provides a solutions which are carefully crafted for each customer and caters to a variety
of industries and domains be it Commercial, Residential, Industrial, Small, Medium or Large Scale.

The Company’s mission is to drive down the cost of energy as compared to today’s cost. This is to be
achieved by making available to the general masses of Pakistan a pragmatic and feasible solar
powered solution.

Accordingly, the Company has decided to apply for a generation license for its proposed project with
GHQ-MES.

Projects have been delivered for a variety of customers, including The City School, ZMTL, At-Tahur
etc. with the largest being a 2 MW installation for The City School. The Company is providing
customers with clean energy and minimizing their energy price risk.

The foundation of Company lies on 2 staunch principles which are, to provide affordable, sustainable
Solar Technology to the household-residential as well as commercial-industrial complex, by ensuring
access to the general masses, guarantee a significant reduction in operational energy costs to our
customers.

The Company has focussed on Supply Chain Management and Engineering Collaborations to bring in
efficiencies, which have ultimately benefitted customers. The Company is now directing all focus to
the high-growth areas in solar energy space. Solar Energy Solutions help provide energy security and
minimize energy costs for businesses.
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Project Overview

GHQ is the Head Quarter of Pakistan Army; A disciplined fighting force in consonance with national
ideals and aspirations. The armed forces have established a number of organisations for running
industrial and commercial enterprises along with remarkable infrastructure development. “Arms for
peace” is a vital link in the ideological chain of Pakistan Army inculcating the military men a spirit to
promote peace throughout the world. Training and development has always been a significant factor
for Pakistan Army preparing officers to perform their onerous duties with responsibility and honour.
GHQ has different locations which are very much feasible for the installation of Solar PV Plant.

Site Name Capacity Location Geographical
Coordinates
DI Khan 2 MW DI Khan Cantt 31.83°N, 70.92°E
Kohat 1.5 MW Kohat Cantt 33.59°N, 71.46°E
CMH Hospital 1 MW CMH, Rawalpindi 33.58°N, 73.05°E
MH Hospital 1 MW MH, Rawalpindi 33.59°N, 73.04%
Rawalpindi  Golf 1MW Rawalpindi Golf | 33.58°N, 73.09°F
Course Course
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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Kohat

1.5 MWop Solar PV On-Grid system is to be installed at the allocated space in cantonment
area of Kohat. The designing of the system is done by considering total available area,
minimum and maximum operating load and synchronizing voltage. Main objective of

installing solar plant is to minimize the electricity utilization from the grid and revert the
extra generated units from solar to the grid.

ROUTE MAP: KOHAT CITY TO SITE
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CMH Hospital

1 MW Solar PV On-Grid system is to be installed at the allocated space at CMH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units
from solar to the grid.

ROUTE MAP: RAWALPINDI CITY TO SITE

v

Combined
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MH Hospital

1 MW Solar PV On-Grid system is to be installed at the allocated space at MH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units

from solar to the grid.

ROUTE MAP: RAWALPINDI CITY TO SITE
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Rawalpindi Golf Club

1 MWp Solar PV Plant has been designed for Rawalpindi Golf Course which will get
synchronize with the conventional 11 KV Grid already present at the site. The site is located
at Rawalpindi Golf Course in the province of Punjab.

Site for the project covers an area of 1.2 acres and is located at Rawalpindi Golf Course. The
Geographical coordinates of the site are 33.58°N and 73.09°E.

ROUTE MAP: RAWALPINDI CITY TO SITE
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DI Khan

2 MWp Solar PV Plant has been designed for DI Khan Cantt which will get synchronize with
the conventional 11 KV Grid already present at the site. The site is located at DI Khan Cantt

in the province of KPK.

Site for the project covers an area of 8 acres and is located at DI Khan Cantt. The
Geographical coordinates of the site are 31.83°N and 70.92°E.

ROUTE MAP: DI KHAN CITY TO SITE

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan



S

LIS

Project Rationale

GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power Plant at
different locations in their premises, by which they can reduce the electricity consumption
from the conventional grid and use the Solar generated units for running the load. The
Military Engineering Services - GHQ wants to decrease the electricity utilization from conventional
grid due to cost-saving. Under these circumstances, GHQ has decided to switch the maximum load
on Solar PV System that will produce the cheaper units than the conventional grid units.

Solis Charlie Energy is found to be very much suitable among different EPC contractors technically as

well as financially, therefore GHQ has awarded the project to Solis Charlie Energy.

Technology

e Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control
and synchronizing with Grid.

e Solar based Power Generation System, civil structures and Aukxiliaries

e 400 V LV cable for inverter output. 11 KV MV cable used for interconnection with existing
VCB and control wires.

e 330 Wp PV Modules of Tier 1 Manufacturer with 17.0% efficiency.

e Grid-Tie smart inverter with all necessary protections.

e Dual string DC combiner box to isolate the DC part when required.

e LV Panel containing Energy Meter, AC Breakers and necessary indications.

o All the electrical installations and wiring for the PV System in accordance with the codes and

standard.

Project Location

GHQ has different locations, which are very much feasible for the installation of Solar PV System.

Site Name Capacity Location Geographical
Coordinates
DI Khan 2 MW DI Khan Cantt 31.83°N, 70.92°E
Kohat 1.5 MW Kohat Cantt 33.59°N, 71.46°E
CMH Hospital 1MW CMH, Rawalpindi 33.58°N, 73.05°E
MH Hospital 1MW MH, Rawalpindi 33.59°N, 73.04°%
Rawalpindi  Golf 1MW Rawalpindi Golf | 33.58°N, 73.09°E
Course Course
MH Hospital 1MW MH, Rawalpindi 33.59°N, 73.04°%

Solis Charlie Energy (Pvt.) Ltd

3" Floor, Horizon Vista, Block-4,

Clifton Karachi-Pakistan

T +92(21)3529 4301-6
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Kohat

Site for the project covers an area of 6 acres and is located at Kohat Cantt. The Geographical
coordinates of the site are 33.59°N and 71.46°E.

ROUTE MAP: KOHAT CITY TO SITE
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CMH Hospital

Site for the project covers an approx. area of 1 acre and is located at CMH, Rawalpindi. The
Geographical coordinates of the site are 33.58°N and 73.05°E.

ROUTE MAP: RAWALPINDI CITY TO SITE
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MH Hospital

Site for the project covers an approx. area of 1 acre and is located at MH, Rawalpindi. The
Geographical coordinates of the site are 33.59°N and 73.04°E.

ROUTE MAP: RAWALPINDI CITY TO SITE
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Rawalpindi Golf Club

Site for the project covers an area of 1.2 acres and is located at Rawalpindi Golf Course. The
Geographical coordinates of the site are 33.58°N and 73.09°E.

ROUTE MAP: RAWALPINDI CITY TO SITE
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DI Khan

Site for the project covers an area of 8 acres and is located at DI Khan Cantt. The
Geographical coordinates of the site are 31.83°N and 70.92°E.

ROUTE MAP: DI KHAN CITY TO SITE
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Operations & Maintenance Cost

The project also includes 24/7 O&M of the complete PV plant including all its relevant system and
equipment. This cost will include the following items inclusive of all importation and local charges,
duties, taxes, etc.

e Provision of all manpower as duly approved by the company.

e Provision of all consumable material and parts.

e Provision of all routine and preventive maintenance parts.

e Periodic cleaning of PV modules.

e Timely update of inverter’s firmware (if necessary).

e Periodic maintenance of Electrical distribution board parts.

e Corrective maintenance of inverter or electrical panels in case of any fault.

Environmental Assessment

Effective environmental planning and management depends on reliably predicting the project’s
effects on resources. The basis for the prediction is the knowledge of the proposed project of local
resources with which it is expected to interact, and how similar projects elsewhere have affected the
environment. Adverse effects that cannot be mitigated become residual and must be acceptable for
the project to go forward.

Environmental and social impact attributable to the Project can broadly be classified into those
taking place before construction and those occurring during operation. Some of the impacts can be
anticipated and avoided through appropriate provisions in the project design. Some can be
mitigated by careful implementation of the Project while some other can be adjusted with by
appropriately following the operational manual and an affective collaboration with communities.

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com
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LOCATION MAP AND SITE MAP

GHQ has different locations which are very much feasible for the installation of Solar PV Plant.

Site Name Capacity Location Geographical
Coordinates
CMH Hospital 1MW CMH, Rawalpindi 33.58°N, 73.05°E
MH Hospital 1MW MH, Rawalpindi 33.59°N, 73.04°E
Rawalpindi  Golf 1MW Rawalpindi Golf | 33.58°N, 73.09°E
Course Course
CMH Hospital

1 MW Solar PV On-Grid system is to be installed at the allocated space at CMH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units

from solar to the grid.

Solis Charlie Energy (Pvt.) Ltd
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ROUTE MAP: RAWALPINDI CITY TO SITE
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MH Hospital

1 MW Solar PV On-Grid system is to be installed at the allocated space at MH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units
from solar to the grid.
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Rawalpindi Golf Club

1 MWp Solar PV Plant has been designed for Rawalpindi Golf Course which will get
synchronize with the conventional 11 KV Grid already present at the site. The site is located
at Rawalpindi Golf Course in the province of Punjab.

Site for the project covers an area of 1.2 acres and is located at Rawalpindi Golf Course. The
Geographical coordinates of the site are 33.58°N and 73.09°E.
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Fuel Type

Since, this is a Solar Energy based Plant, no fossil fuel will be used for the generation.



Emission Values

There will be "NO" carbon emission by the generation of Solar Energy.



Cooling Water Source

Not Applicable in Solar Energy Plant.



Interconnection with National
Grid

Not Applicable. Since, this plant is not connected to the national grid.



Infrastructure
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CMH Hospital
1 MW Solar PV On-Grid system is to be installed at the allocated space at CMH, Rawalpindi.

The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units

from solar to the grid.
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CHARLIE ENERGY
MH Hospital
1 MW Solar PV On-Grid system is to be installed at the allocated space at MH, Rawalpindi.
The designing of the system is done by considering total available area, minimum and
maximum operating load and synchronizing voltage. Main objective of installing solar plant
is to minimize the electricity utilization from the grid and revert the extra generated units
from solar to the grid.
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Rawalpindi Golf Club

1 MWp Solar PV Plant has been designed for Rawalpindi Golf Course which will get
synchronize with the conventional 11 KV Grid already present at the site. The site is located
at Rawalpindi Golf Course in the province of Punjab.

Site for the project covers an area of 1.2 acres and is located at Rawalpindi Golf Course. The
Geographical coordinates of the site are 33.58°N and 73.09°E.
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Project cost, information
regarding sources and
amounts of equity, debt.

Feasibility & Financing:

The project at CMH Hospital upto 1 MW will cost approximately PKR 94,874,703.

CMH Hospital upto 1 MW
Project Cost PKR
EPC 93,801,475
Insurance.Durmg 135,814
Construction
CAPEX 93,937,290
Financing Fee 189,748
Interest D.urlng 747,665
Construction
PROJECT COST 94,874,703
Equity 18,975,456
Debt 75,899,246
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan
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The project at MH Hospital upto 1 MW will cost approximately PKR 94,874,703.

MH Hospital upto 1 MW
Project Cost PKR
EPC 93,801,475
Insurance.Durlng 135,814
Construction
CAPEX 93,937,290
Financing Fee 189,748
Interest D‘urmg 747 665
Construction
PROJECT COST 94,874,703
Equity 18,975,456
Debt 75,899,246

The project at Rawalpindi Golf Club upto 1 MW will cost approximately PKR 94,874,703.

Rawalpindi Golf Club upto 1 MW
Project Cost PKR
EPC 93,801,475
Insurance-Durmg 135,814
Construction
CAPEX 93,937,290
Financing Fee 189,748
Interest D.urlng 747,665
Construction
PROJECT COST 94,874,703
Equity 18,975,456
Debt 75,899,246

Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan

www.solis-energy.com
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The total project will cost approximately PKR 84,624,108

Project Cost PKR

EPC 281,404,426

Insurance During Construction 407,443

CAPEX 281,811,869

Financing Fee 569,244

Interest During Construction 2,242,994

PROJECT COST 284,624,108

Equity 56,926,369

Debt 227,697,738
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan



Project Commencement and
Completion
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PROJECT COMMENCEMENT AND
COMPLETION:

The project completion time would be 6 months, covering all the sites of the project. The expected
Commercial Operation Date (COD) is 26" February 2020.

Major activities of the project involve, Detailed Engineering Design, Procurement of local and
Imported Equipment, and Construction involving Civil, Mechanical and Electrical Works.

S#. Milestone Timeline
1. Detailed Design Jun, 2019
2. Equipment’s Procurement Jun, 2019 - Dec, 2019
3. Project Construction Aug, 2019 — Feb, 2020
4, Commissioning Feb, 2020
5. Testing Feb, 2020
Solis Charlie Energy (Pvt.) Ltd T +92(21)3529 4301-6 www.solis-energy.com

3" Floor, Horizon Vista, Block-4, F +92(21)35294311
Clifton Karachi-Pakistan
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EXECUTIVE SUMMARY

GHQ-Military Engineering Services (MES) is interested to install Solar PV Panels on the rooftop
with capacity of 745.8 kW in C.M.H Rawalpindi. Around 2260 polycrystalline (Tier 1
Manufactured) PV panels will be installed with power rated of 330 Wp and the capacity factor is
approximately 16.67%. the total energy generation will around 1.08 Million kWh.

The Military Engineering Services (MES)- GHQ wants to decrease the electricity utilization from
conventional grid due to cost-saving. Under these circumstances, GHQ has decided to switch
the maximum load on Solar PV System that will produce the cheaper units than the
conventional grid units.




CHAPTER 1

INTRODUCTION
1 INTRODUCTION

1.1 PROJECT BACKGROUND AND JUSTIFICATION

The project sponsor is GHQ-Military Engineering Services (MES). The sponsors of the company
will be interested to install the solar PV plant on the rooftop of C.M.H Rawalpindi to generate
electricity. GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power
Plant at different location in their premises, by which they can reduce the electricity
consumption from the conventional grid and use the Solar generated units for running the load
of 745.8 kW Solar PV Plant has been designed for C.M.H Rawalpindi which will get synchronize
with the conventional 11 KV Grid already present at the site. The site is located at Rawalpindi in
the province of Punjab.

1.2 Description of the Project

The project company will be installed 745.8 kW of Solar PV plant on the rooftop of C.M.H
Rawalpindi in District Rawalpindi to produce electricity. The total area of the project is around
2.5 acres for the installation of PV panels. The project area is already a developed area and the
solar PV panels will be installed on the rooftop of the C.M.H hospital.

1.3 Project Location

The proposed project site is located in 33°34'43.00"N & 73° 3'3.00"E C.M.H Rawalpindi, District
Rawalpindi, Punjab. It is around 4.5 kilometers away from Rawalpindi City. The land area of
project site is 2.5 acres located at Tamiz-ud-Din road towards C.M.H road and Range Road. The
project land is owned by the project company for the installation of 745.8 kW Solar PV plant on
the rooftop. The location of site can be viewed in Figure 1.1 and overview of the project site is
shown in Figure 1.2.




.
——

Haieyrstieet

Figure 1.1: Location of Project Site
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Figure 1.2: Overview of Project Site (Picture-1)

Figure 1.3: Overview of Project Site (Picture-2)




CHAPTER 2

SOLAR ENERGY IN PAKISTAN

2 PROSPECTS OF SOLAR ENERGY IN PAKISTAN

Solar energy has excellent potential in areas of Pakistan that receive high levels of solar
radiation throughout the year. Every day, for example, the country receives an average of about
19 Mega Joules per square meter of solar energy. Pakistan being in the Sun Belt is ideally
located to take advantage of solar energy technologies. This energy source is widely distributed
and abundantly available in the country. The mean global irradiation falling on horizontal
surface is about 200-250 watt per sq.m in a day. This amounts to about 2500-3000 sun shine
hours and 1.9 - 2.3 MWh per sq.met in a year. It has an average daily global insolation of 19 to
20 MJ/sq.met per day with annual mean sunshine duration of 8 to 8.5 hours (6-7hrs in cold and
10-12 hrs in hot season) and these values are among the highest in the world. For daily global
radiation up to 23MJ/m2, 24 (80%) consecutive days are available in this area for solar energy.
Such conditions are ideal for solar thermal applications.

To summarize, the sun shines for 250-300 days per years in Pakistan with an average sun shine
hour of 8-9 per day. This gives huge amount of energy to be used for electricity generation by
solar thermal power plants. A quick potential of solar energy in Pakistan can be obtained from
the map of solar energy resource released by World Bank Group from 1999 to 2016 as shown in
Figure 2.1.
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Figure 2.1: Solar Resource Potential Map of Pakistan

2.1 Road Access to the Project Site

The Project site is easily accessible throughout the year. Distance from Rawalpindi city to the
project site is approximately 4.5 km through Tamiz-ud-Din toad towards C.M.H road and Range
road. From City to project site reached through Tamiz-ud-Din Road which is around 4.5km as
shown in Figure 2.2.
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Figure 2.2: Orientation of Project Site from Rawalpindi City
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Figure 2.3: Orientation of Project Site from Rawalpindi City (Arial Distance)

The planned movement from Port Qasim to the site will be through the National and Super
highways. The major section of the track from Karachi to the site is a multi-lane road, having a

relatively flat terrain because the PV Panels will be import through Karachi port and then
transported to the project site.




CHAPTER 3

BASELINE CONDITIONS

3 Baseline Conditions

The Baseline condition includes the different parameters which covers under this study are

topography, climatic conditions, hydrology, biological conditions, socio-economic environment
and seismic hazards.

3.1 Topography

Rawalpindi lies between 33°35'54.02"N and 73° 2'38.80"E, city in the Punjab province of Pakistan.
Rawalpindi is adjacent to the Islamabad city and the two are jointly known as the "twin cities"
on account of strong social and economic links between the cities. Rawalpindi is the fourth-
largest city in Pakistan by population, while the larger Islamabad Rawalpindi metropolitan
area is the country's third-largest metropolitan area.

The district has an area of 5,286km2(2,041sq mi). Originally, its area was
6,192 km2 (2,391 sq mi) until the 1960s when Islamabad Capital Territory was carved out of the
district, giving away an area of 906 km2 (350 sq mi). It is situated on the southern slopes of the
north-western extremities of the Himalayas, including large mountain tracts with rich valleys
traversed by mountain rivers. The chief rivers are the Indus and the Jhelum, and it is noted for
its milder climate and abundant rainfall due to its proximity to the foothills.

Topographically speaking, the area in and around Rawalpindi has a complex geological history
of mountain formation, alluvial-loessic depositions, and erosion cycles. In the west of the
Potohar Uplands, the main depositions of loess are from the Pleistocene period. Streams and
ravines cut the loess plain, affected by gully erosion and steep slopes. Such land is unsuitable
for cultivation. The area is composed of sandstone and limestone. There is an extensive area
with exposed bedrock and fragmentary, thin soil formations. Important minerals like limestone,
marble, and fire clay are found in this region. Limestone is found abundantly in the Margalla
Hills and marble in the western section of Margalla Range. Limestone is common in the low hills
in Rawalpindi tehsil, and deposits can also be found in the Kankar Plains. Clay soils in the district



https://en.wikipedia.org/wiki/Punjab_(Pakistan)
https://en.wikipedia.org/wiki/Pakistan
https://en.wikipedia.org/wiki/Islamabad
https://en.wikipedia.org/wiki/Twin_cities
https://en.wikipedia.org/wiki/List_of_Pakistani_cities_by_population
https://en.wikipedia.org/wiki/List_of_Pakistani_cities_by_population
https://en.wikipedia.org/wiki/Islamabad_Rawalpindi_metropolitan_area
https://en.wikipedia.org/wiki/Islamabad_Rawalpindi_metropolitan_area
https://en.wikipedia.org/wiki/Islamabad_Capital_Territory
https://en.wikipedia.org/wiki/Indus
https://en.wikipedia.org/wiki/Jhelum

exhibit five distinct strata, from bottom to top: (i) coarse pebbles with sand or clay, (ii) an
alluvial stratum deposited by an older river system in the Soan Basin, (iii) alluvial deposits of the
present river system, (iv) an airborne top layer of silt or clay (loess), and (v) conglomerate and
loose gravel deposits.

A number of streams originating from the Margala Hills join and form the Lai Nullah, the
principal watercourse in Rawalpindi. It winds north to south through developed areas of the
city and finally joins the Soan River. Lai Nullah carries rain runoff and sewage from a large part
of Islamabad, and it also collects untreated local sewage. Domestic solid waste is also dumped
in the nullah. It is a perennial surface water channel with occasional flooding during monsoon
season. The water level in this area is higher than in the upland. Rawalpindi city is situated at
an average elevation of 500 to 515 meters above mean sea level. Topographic map of
Rawalpindi derived from satellite mapping through GIS software is shown in Figure 3.1.
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Figure 3.1: Topographic Map of Project Area

3.2 Climatic Conditions

3.2.1 Temperature & Rainfall

The world has been warming at the rate of 0.128 + 0.026 °C per year since last 59 years (IPCC,
2007). In response to global warming, Pakistan is also facing Change in its climate, especially, in
the temperature which seems to be risen considerably. Twelve of the warmest years on record
occurred in the last decade. These alarming statistics carry a clear message that warming is due.
Climate has intrinsic variability and has been changing in past decades, even, before we started
measuring the climate parameters. But the uniqueness of this issue in modern world is that
human activities are now playing significant role in causing the climate to change. This is
evident from the recent rise in carbon dioxide (CO2) concentration in the atmosphere and in

response the rise of global temperatures on land and ocean’s surface.




As Rawalpindi has a humid subtropical climate with hot and wet summers, a cooler and drier
winter. The weather is highly variable due to the proximity of the city to the foothills of
Himalayas. Rawalpindi & Islamabad has hot, humid summers followed by monsoon and severe
winters. The weather varies greatly across seasons. Winter typically runs from December to
March with some rainfall. Cold temperatures of around 4.5°C are common over the coldest
months of December to February. Summer runs from April to September producing hot
temperatures averaging around 35°C. Extremes of temperature, as high as 46°C, have been
recorded during these months. Summers are accompanied by a monsoon season beginning in
June or July and running through to September. Winds are predominantly from the southwest,
except during the monsoon season when winds come from the southeast.

Rawalpindi has 7-8 hours of sunshine daily on average. As there will be no rise in temperature
due to reflections of the panels on the atmosphere because the panels are lined with anti-
reflection coating (ARC) on the surface which help to reduce the reflection of the panels to
almost zero. Adopted measures during rain and sandstorm are to generate or produce
electricity is to be reduced. The detailed temperature data are given in Table 3.1 taken from
metronome 7.7 and graphical presentation in given in Figure 3.2.

Table 3.1: Temperature Statistics for C.M.H Rawalpindi in 2018

Item Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec

Average 10.2 | 134 13 24 29.7 | 30.9 | 30.2 29 26.7 | 225|159 | 11.7
Temperature(°C)
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Average Temperature(°C) in C.M.H Rawalpindi
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Figure 3.2: Graphical representation of Temperature

The detailed average annual rainfall data are given in Table 3.2 and graphical presentation in
given in Figure 3.3.

Table 3.2: Rainfall Statistics for Rawalpindi in 2018

Item Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
Average 0.4 |[11.52 | 4.22 (21.79 | 458 |21.5| 85.8 |44.54 | 1592 | 3.5 |17.9| 2.5
Precipation

(mm)

Days 1 4 7 14 3 8 18 15 7 4 7 2




100
90

- 80

=

(1]

S 70

B,

B 60

=

S so

F)

E 40
30
20
10
0

Average Rainfall Amount (mm) and Rainy Days (C.M.H Rawalpindi)

Feb March April  May June  July Aug Sept Oct Dec

Hmm M Days

Figure 3.3: Graphical representation of Average Rainfall

Maximum and Minimum Temperature Regime Map of Pakistan is shown in Figure 3.4, Figure

3.5 & Figure 3.6.
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Figure 3.6: Precipitation Map of Pakistan

3.2.2 Wind Speed

The wind experienced at any given location is highly dependent on local topography and other
factors, and instantaneous wind speed and direction vary more widely than hourly averages.
Rawalpindi and its twin city Islamabad, during the year experiences a number of
thunderstorms, which is the highest frequency of any plain elevation city in the country. Strong
windstorms are frequent in the summer during which wind gusts have been reported

by Pakistan Meteorological Department due to such thunder/wind storms, which results in
some damage of infrastructure.

The average daily wind speed in June (2019) has been around 13 km/h, that’s the equivalent to
about 8 mph, or 7 knots. In recent years the maximum sustained wind speed has reached 93
km/h, that’s the equivalent of around 58 mph, or 50 knots. Wind in Rawalpindi is usually calm.
The windiest month is May and June, followed by April and July. May average wind speed is
around 4.29m/s is considered “a light breeze.” Maximum sustained winds (the highest speed
for the day lasting more than a few moments) are at their highest in month of June where
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average top sustained speeds reach 4.59m/s. The average wind speed on yearly basis are given

below in Figure 3.7.

Average Wind Speed (m/s) in C.M.H Rawalpindi
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Figure 3.7: Graphical representation of average wind speed in C.M.H Rawalpindi

3.2.3 Relative Humidity

Rawalpindi has experiences extreme seasonal variation in the perceived humidity. Rawalpindi is
semi-arid region; the humidity is high. They have some humid months, and dry months in the
opposite season. The least humid month is May (39%) and the most humid month is August
(72.9%). Average annual humidity is given in Figure 3.8.
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Figure 3.8: Graphical representation of average relative humidity in C.M.H Rawalpindi

3.3 Hydrology

The Soan and Kurang Rivers are the main streams draining the area. Their primary tributaries
are the Ling River, draining northwestward into the Soan; Gumreh Kas, draining westward into
the Kurang from the area between the Kurang and Soan; and Lei Nala, draining southward into
the Soan from the mountain front and urban areas. The Kurang and Soan Rivers are dammed at
Rawal and Sambli Lakes, respectively, to supply water for the urban area. Extensive forest
reserves in the headwaters of the Kurang and Soan Rivers benefit the quality and quantity of
supply. A supplemental network of municipal and private wells as deep as 200 meters (m)
produces ground water primarily from Quaternary alluvial gravels. The altitude of the water
table decreases from about 600 m at the foot of the Margala Hills to less than 450 m near the
Soan River, so that the saturated zone generally lies 2-20 m below the natural ground surface
(Ashraf and Hanif, 1980). Lei Nala carries most of the liquid waste from Rawalpindi and
contributes greatly to the pollution of the Soan River below their confluence. Solid-waste
disposal practices threaten the quality of ground-water reserves.

The Kurang and Soan Rivers pass through the outskirts of Islamabad and Rawalpindi. The
Kurang River runs from north to south through the eastern suburbs of Islamabad and
Rawalpindi and joins the Soan River, which passes through the southern periphery of




Rawalpindi. In addition, the Nullah Lai is an extensive stream system that flows through parts of
Islamabad and Rawalpindi. The Nullah Lai has three tributaries (i.e. Saidpur Kas, Tenawali Kas
and Bedarawali Kas) all of which originate in the Margalla Hills and pass through Islamabad to
join the Nullah Lai. Below Khattarian Bridge, the Nullah Lai enters Rawalpindi and passes
through the central city before joining the Soan River. Many drainage and sewerage channels
also join the Nullah Lai as it passes through Rawalpindi.

Lai Nullah carries rain runoff and sewage from a large part of Islamabad, and it also collects
untreated local sewage. Domestic solid waste is also dumped in the nullah. It is a perennial
surface water channel with occasional flooding during monsoon season. Reservoirs of the
Rawal Dam and Khanpur Dam are the two major surface water bodies near the city, and they
serve about 40% of present water demand. The Soan River flows adjacent to the sewage
treatment plant site. Penetration of untreated wastewater from Rawalpindi and Islamabad has
severely depleted water quality and aquatic life.

The nearest water body to the project location is the Nullah Lai, flowing through Rawalpindi city
with a catchment area of approximately 235 km2. Boring of tube wells to obtain underground
water is standard practice being implemented by residents in the area to ensure continuous
supply of water. Sufficient underground water reserves with rapid recharge in the project area
are evident since no shortage of water has ever been experienced by the residents, even during
the summer seasons despite scarcity of rains.

3.4 Seismic Hazards

According to Seismic Zoning map of Pakistan, Project area falls in Zone 2B which is moderate to
severe damage area. However, occasionally tremors in the range of 2 and 3 on the Richter scale
are experienced from time to time. Also, no damage to the infrastructure and human
settlement is reported in the area. Map is shown in Figure 3.9.
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Figure 3.9: Seismic Map of Pakistan

3.5 Socio-Economic Conditions

Rawalpindi is a district located in the northernmost part of the Punjab province of Pakistan.
According to the 1998 census of Pakistan, the population of the district was 3,363,911 of which
53.03% were urban, and is the second-most urbanized district in Punjab. The population was
estimated to be 4.5 million in 2010. In 2017 population of Rawalpindi district was 5,405,633.
84% of the population is Punjabi, 9% is Pashtun, and 7% is from other ethnic groups. The main
tribes of the district are the Rajputs, Syed, Khattar, Dar, Gakhars, Janjuas, Awans, Gujjars, Jats,
Kassar, Sheikh (Caste), Abbasi, Khawaja, Bhatti, Chauhan, Mir, Butt, Lone,Waini/Wain, Mughals,
Qureshi (Caste), Rawal, Arain and Sattis.

According to 2015 data, Rawalpindi was ranked number one district of Pakistan in terms of
education and school infrastructure facilities. According to official 2014 Public Schools Census
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data, district Rawalpindi had a total of 1,230 primary, 316 middle, 365 secondary and 40 higher
secondary schools. Out of these public sector schools, 911 are male schools while 1,040 are for
girls. There were 4,279 teachers teaching at primary level while 3,129, 6,516 and 1,155 teachers
are teaching at middle, secondary and higher secondary level, respectively. Out of these
teachers, 9,788 are female while 5,291 are male. 24% of the Class 2 students could not read a
story in Urdu, 26% could not read a sentence in English and 46% of Class 5 students could not
do two digit divisions. 8% of the students dropped out of the school at the primary level.
Administratively, district Rawalpindi is divided into 7 tehsils i.e. Rawalpindi, Gujar Khan,
Murree, Kahuta, Taxila, Kotli Sattian, Gujar Khan and Kallar Syedan. It consists of 168 union
councils including 114 rural and 54 urban ones whose elected representatives formulate Zilla
and tehsil councils. Political constituencies include 7 national seats and 14 provincial seats of
legislative assemblies. Rawalpindi has experienced a rapid increase in population due to rural-
urban migration. Unplanned urban growth has been rampant, particularly in areas where basic
infrastructure is available. Inadequate urban services—especially sewerage, drainage and solid
waste management—have worsened quality of life and environmental conditions. Land use in
the city center is divided between commercial and residential. Concentrated commercial
activity and its linear growth have created complex problems such as inadequate parking, poor
accessibility due to encroachments on road footpaths, and presence of vendors/ hawkers.
Rawalpindi has more than 1,200 licensed industries. The major ones are located in the
outskirts, while some older ones are located in the cantonment area. Industries include leather
and tanning, shoemaking, food processing, plastics, polyethylene, paint manufacturing, plastic
utensil manufacturing, firecracker workshops, dyeing, soaps, detergents, electronics, and fabric
printing.

The health care services provided by the public health sector in District Rawalpindi consists of 4
THQ Hospitals, 10 Rural Health Centers, 98 Basic Health Units and 66 Dispensaries. In addition,
there are three public sector tertiary care hospitals. Pakistan Army also provides specialized
tertiary care through Military Hospital, Combined Military Hospital and Armed Forces Institutes
of Pathology, Cardiology, Ophthalmology, Rehabilitation, Dentistry and Blood Transfusion.

The occupational pattern in Rawalpindi is doing farming, small businesses and also working in
different factories as a labor. The urban cities of Rawalpindi consist of all modern facilities.
Modern hotels, restaurants, parks, markets etc. are common. Other professions include
embroidery, pottery, tie dye, doll making, lacquer work, khussa making, wood work, Ajrak, wax
printing, wood carving, metal work, shawl weaving, traditional carpets, stone work, wooden
spoon making, pattu weaving, truck art, block printing and needle work. The military
headquarter also lies in this region as there is a strong hold of military in this region. Other
common occupations include teaching, business and trade.
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3.6 Ecology

Flora in Rawalpindi district varies with elevation. In the upper reaches of the Murree Hills, the
main tree species include deodar (Cedrus deodara), biar (Pinus wallichiana), paludar (Abies
smithiana), and barangi (Quercus lassiflora). Chir pine (Pinus roxburghii) covers the lower hills,
along with kao, or wild olive, phulai (Acacia modesta); (Cedrala toona); drek (Melia
sempervirans); and sinetta (Dodona burmanniawa). Vegetation grows for the most part in
scattered clumps. At lower elevations and in the plains, the most common trees are shisham
(Dalbergia sissoo), toot (Morus alba), drek (Melia sempervirens), phulai, (Acacia modesta), ber
(Zizyphus jujaba), pipal (Ficus religiosa), kikar (Acacia arabica). Non-timber forest products
include floral buds of the kachenar, pomegranate, blackberries, raspberries, cranberries, and
wild pears. Trees are rare along the field boundaries and in cultivated areas, but stunted trees
are common in the ravines. The major crops were wheat, barley, maize, millets, and pulses.

No endangered species are found in the forests of Rawalpindi district. Jackals are still common,
however, and there are few wolves, foxes and bears. Deer and wild goats are occasionally
reported in the lower Murree Hills. Hare are found on all the low hills and in most of the
ravines. Birds called chikors are found hills and low spurs. Grey partridges are common, but
black partridges are rare. Ducks are found along the rivers and marshes. Geese are found in the
Soan Valley and quail are common in spring and autumn. As for the birds, there is no impact on
the birds due to the solar panels; the panels that are used in the project are lined with anti-
reflection coting which helps to reduce the reflection of the panels to almost zero. When the
Solar PV panels will be installed on the rooftop, there is no disturbance of flora and fauna due
to this project.




CHAPTER 4

ENVIRONMENTAL IMPACTS AND MITIGATION
MEASURES

4 Potential Environmental Impacts and Mitigation
Measures

The project may have environmental impact during construction and operation phase of the
project. During construction phase, the impacts may be temporary and short term while long
term impacts may be observed during the operational phase of the project. The project has
positive impacts overall by providing a competitive, pollution free and cost effective. It may also
meet the increasing demand of power and reduce the gap between demand and supply of
power.

The construction and operation phase of the proposed project comprises various activities each
of which may have an impact on environmental parameters. The impacts of the project are
envisaged during the design and planning, during pre-construction phase, construction phase.

41 Impact on Air Quality

As the proposed project is Solar PV project, the impact during construction of project is
expected to be minimal as a Greenfield Project plant. Particulate matter in the form of dust
would be the predominant pollutant affecting the air quality during the construction phase.
Dust will be generated mainly through the movement of vehicles (transportation activities). No
excavation and back filling are required because the PV panels will install on rooftop of the
C.M.H Rawalpindi. The main source of gaseous emission during the construction phase is
movement of equipment and vehicles at site. Equipment deployed during the construction
phase is also likely to result in marginal increase in the levels of SO2, NOX, and particulate
matter. The impact is reversible, marginal and temporary in nature.




4.2 Impact on Noise Quality

The major noise generating sources during the construction phase are vehicular traffic,
construction equipment like; generators, compressors, vibrators etc. The operation of this
equipment will generate noise ranging between 75 — 90 dB (A). As noise generated during
construction phase of the project is low and within the Limits of NEQ’s. As there is no impact on
nearby vicinity located in buffer zone so overall, the impact of generated noise on the
environment during construction period is insignificant, reversible and localized in nature.

4.3 Impact on Water Use and Quality

The construction personnel would be housed in temporary settlements or settlements provided
by the project sponsors. These settlements would discharge considerable amount of domestic
wastewater. Stagnant pools of water would increase breeding of mosquitoes and generally
create insanitary conditions. The main pollutants are organic components and microorganisms
with the potential to cause contamination of water quality. To address potential impacts on
water quality, disinfected washroom (e.g., through regular liming) will be used as main
component of the sanitation system. As the PV panels will be installed on rooftop so no or
minor use of water during construction phase of the project and overall no impact on water use
and its quality.

4.4 Impact on Groundwater Contamination

There is no harm to the ground water due to construction of PV project because panels will be
installed on the rooftop and the project site is already developed. There is no impact on the
Ground water.

Ground water due to plant operations will be drawn during operation phase for any purpose.
There shall be minimal discharge of wastewater from cleaning of Solar PV modules. The
wastewater emanating from cleaning operations shall be recycled or used for plantation around
the plant. For 01 MW, one vehicle of water is required for the cleaning and duration of the
cleaning for 1.0 MW is required approximately 01 or 02 days. For 745.8 kW, approximately
11,250 liters of water is required for washing of panels and on monthly basis and the process
will be done on monthly basis.




During the operation & maintenance period, natural underground water can be used for
cleaning the modules with manual washing. The water for cleaning the module doesn’t include
any chemical agents, so the untreated underground water will be used for cleaning. Based on
our project circumstances, modules shall be cleaned once in every month. The water supply
system will be installed along the solar panel array and will be used by the cleaning staff to use
the tap water for manual cleaning.

4.5 Impact on Land Use

The mobilization of construction equipment and construction materials will require space for
storage and parking of construction vehicles and equipment, construction material storage
yards, disposal sites, and labor camps for human resource to avoid environmental impact and
public inconvenience. The total land available for the Project is 2.5 acres. At the Project site,
there has been an absence of the following since the past few decades:

e Any major agricultural activity on the land
e Any field, wetland or protected area.

Overall, there will be no impact on the land use because the panels will be installed on the
rooftop and only a small chunk of land is required for the space of storage of equipment,
construction material and waste handling which have a no or minor impact and will be
temporary only in construction phase.

4.6 Impact on Biological Environment

The project area is already developed area and there is no harm to the biological environment
for the installation of PV plant. As the PV panels are installed on the rooftop and there will be
no impact on flora and fauna of the project area. Thus, the site development works would not
lead to any significant loss of important species or ecosystems.

4.7 Impact on Solid Waste

Solid waste during the construction phase consists primarily of rejected components and
materials, packing and shipping materials (pallets, crates, Styrofoam, plastics etc.) and human
waste. During the construction there will be generation of garbage, for which designated
practices of solid waste disposal shall be followed.




Solid waste disposal will be done as follows;

X/
°e

A waste inventory of various waste generated will be prepared and periodically

updated.

» The scrap metal waste generated from erection of structures and related construction
activities will be collected and stored separately in a stack yard and sold to local
recyclers.

% Food waste and recyclables viz. paper, plastic, glass etc. will be stored in designated

waste bins/containers. The recyclables will be periodically sold to local recyclers while

food waste will be disposed through proper waste handling mechanism.

¢ Hazardous waste viz. waste oil etc. will be collected and stored in paved and bounded
area and subsequently sold to authorized recyclers.

The complete details of scrap metal details will be given as; scrap metal waste generated from
erection of structures and related construction activities will be collected and stored separately
in a stack yard and sold to local recyclers as per to manage the solid waste handling team. A
separate yard area will be allocated for storing the waste material as per the required industrial
practice. Also, approved contractor will be hired for the recycling of waste appropriately during
construction phase. Waste handling agency will be hired at the start of project construction to
manage the waste generating during the construction and operational phase of the plant and
the practices used for handling the waste disposal to manage proper waste management
through different mechanisms like, make a proper dumping site for the disposal of waste,
handling of waste. The wastes which are recyclable are sold to the external contractors and the
non-hazardous waste will be dumped through municipal waste collection system and services.
The solid waste will be dumped away from the project site and where nearby no settlements or
any other affected environment is present. It may the proper dumping site that is used for local
municipality. Although the PV cells will not be disposed but sent back under as warranty is for
25 years.

There are some solid wastes in the project site, including the packing material for the
equipment, like the wooden pallets and carton boxes. Solid waste management plan will be
followed third party EPA certified contractor will be hired for disposal of solid waste (No
Impact).




CHAPTER 5

INSTITUTIONAL REQUIREMENT AND
ENVIONMENTAL MONITORING PLAN

5 Institutional Requirement and Environmental
Monitoring Plan

During the construction and operation of PV Project, the project company will comply all the
rules and regulations of EPA and the standard practices as well as NEQs standards and
implement the environmental mitigation and monitoring plan during construction of the
project. Environmental Management and Monitoring Plan provides the mechanism to address
the adverse environmental as well as social impacts of the proposed project during its
execution, to enhance project benefits, and to introduce standards of good practice to be
adopted for all project works.

5.1 Preconstruction Phase

During pre-construction phase of the project, a field survey was conducted by the team to
identify the potential impacts and address into the monitoring plan to mitigate their affects to
the project and the surrounding environment. Define the roles and responsibilities for those
who involved in the implementation of the EMP during construction.

5.2 Construction Phase

During construction phase of the project, a solid waste will be handled properly as per the
standard industrial practices and dumped into the proper waste disposal sites which are
already identified. Provide safety trainings to the workers who works during the construction
phase. Provide instructions to project personnel and contractors regarding procedures for
protecting the environment and minimizing environmental impact during construction of the
project.




5.3 Operational Phase

During operational phase, the environment and social impact will be minimum as there is no
dust and any gaseous emission from the plant. Only the waste water that used for the cleaning
mechanism of PV panels will be generated and will be handled properly as per the standards.
Also provide trainings and awareness sessions rising on the environmental and social issues
related to power transmission projects to the project. Ensure the legal compliance properly
during O & M phase of the project.




CHAPTER 6

FINDINGS AND RECOMMENDATIONS

6 Findings and Recommendations

The Project will be the replacement of conventional power generation with renewable energy.
Solar energy will replace fossil fuel powered generation, and therefore reduce suspended
particulate matter and greenhouse gas emissions into the atmosphere.

The project is cost effectively and environmental impacts are likely to be minimum in result
from the proposed Power project. Careful mitigation and monitoring, specific selection criteria
and review/assessment procedures have been specified to ensure that minimal impacts will
take place. The detailed design would ensure inclusion of any such environmental impacts that
could not be specified or identified at this stage are taken into account and mitigated where
necessary. Those impacts can be reduced through the use of mitigation measures such as
correction in work practices at the construction sites, or through the careful selection of sites
and access routes. As proposed area is already the developed area and PV panels will be
installed on the rooftop of the C.M.H Rawalpindi and there is no harm to the natural
environment or any biological habitat.

Based on the environmental and social assessment and survey conducted for the Project, the
potential adverse environmental impacts can be mitigated to an acceptable level by adequate
implementation of the mitigation measures identified during visit. Adequate provisions are
being made in the Project to cover the environmental mitigation and monitoring requirements,
and their associated costs.
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EXECUTIVE SUMMARY

GHQ-Military Engineering Services (MES) is interested to install Solar PV Panels on the rooftop
with capacity of 475.2 kW in M.H Rawalpindi. Around 1440 polycrystalline (Tier 1
Manufactured) PV panels will be installed with power rated of 330 Wp and the capacity factor is
approximately 16.73%. the total energy generation will around 0.69 Million kWh.

The Military Engineering Services (MES)- GHQ wants to decrease the electricity utilization from
conventional grid due to cost-saving. Under these circumstances, GHQ has decided to switch
the maximum load on Solar PV System that will produce the cheaper units than the
conventional grid units.




CHAPTER 1

INTRODUCTION
1 INTRODUCTION

1.1 PROJECT BACKGROUND AND JUSTIFICATION

The project sponsor is GHQ-Military Engineering Services (MES). The sponsors of the company
will be interested to install the solar PV plant on the rooftop of M.H Rawalpindi to generate
electricity. GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power
Plant at different location in their premises, by which they can reduce the electricity
consumption from the conventional grid and use the Solar generated units for running the load
of 475.2 kW Solar PV Plant has been designed for M.H Rawalpindi which will get synchronize
with the conventional 11 KV Grid already present at the site. The site is located at Rawalpindi in
the province of Punjab.

1.2 Description of the Project

The project company will be installed 475.2 kW of Solar PV plant on the rooftop of M.H
Rawalpindi in District Rawalpindi to produce electricity. The total area of the project is around
2.5 acres for the installation of PV panels. The project area is already a developed area and the
solar PV panels will be installed on the rooftop of the M.H hospital.

1.3 Project Location

The proposed project site is located at 33°35'35.00"N & 73° 2'41.00"E M.H Rawalpindi, District
Rawalpindi, Punjab. It is around 5.7 kilometers away from Rawalpindi City. The land area of
project site is 2.5 acres located at Ch Muhammad Khan Road towards M.H road and Convoy
Road. It also links with the G.T road. The project land is owned by the project company for the
installation of 475.2 kW Solar PV plant on the rooftop. The location of site can be viewed in
Figure 1.1 and overview of the project site is shown in Figure 1.2.
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Figure 1.1: Location of Project Site




Figure 1.2: Overview of Project Site (Picture-1)

Figure 1.3: Overview of Project Site (Picture-2)




CHAPTER 2

SOLAR ENERGY IN PAKISTAN

2 PROSPECTS OF SOLAR ENERGY IN PAKISTAN

Solar energy has excellent potential in areas of Pakistan that receive high levels of solar
radiation throughout the year. Every day, for example, the country receives an average of about
19 Mega Joules per square meter of solar energy. Pakistan being in the Sun Belt is ideally
located to take advantage of solar energy technologies. This energy source is widely distributed
and abundantly available in the country. The mean global irradiation falling on horizontal
surface is about 200-250 watt per sq.m in a day. This amounts to about 2500-3000 sun shine
hours and 1.9 - 2.3 MWh per sq.met in a year. It has an average daily global insolation of 19 to
20 MJ/sq.met per day with annual mean sunshine duration of 8 to 8.5 hours (6-7hrs in cold and
10-12 hrs in hot season) and these values are among the highest in the world. For daily global
radiation up to 23MJ/m2, 24 (80%) consecutive days are available in this area for solar energy.
Such conditions are ideal for solar thermal applications.

To summarize, the sun shines for 250-300 days per years in Pakistan with an average sun shine
hour of 8-9 per day. This gives huge amount of energy to be used for electricity generation by
solar thermal power plants. A quick potential of solar energy in Pakistan can be obtained from
the map of solar energy resource released by World Bank Group from 1999 to 2016 as shown in
Figure 2.1.
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Figure 2.1: Solar Resource Potential Map of Pakistan

2.1 Road Access to the Project Site

The Project site is easily accessible throughout the year. Distance from Rawalpindi city to the
project site is approximately 5.7 km through Ch Muhammad Khan road towards M.H road and
Convoy road. From City to project site reached through Ch Muhammad Khan Road which is
around 5.7km as shown in Figure 2.2.
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Figure 2.2: Orientation of Project Site from Rawalpindi City
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Figure 2.3: Orientation of Project Site from Rawalpindi City (Arial Distance)

The planned movement from Port Qasim to the site will be through the National and Super
highways. The major section of the track from Karachi to the site is a multi-lane road, having a

relatively flat terrain because the PV Panels will be import through Karachi port and then
transported to the project site.




CHAPTER 3

BASELINE CONDITIONS

3 Baseline Conditions

The Baseline condition includes the different parameters which covers under this study are
topography, climatic conditions, hydrology, biological conditions, socio-economic environment

and seismic hazards.

3.1 Topography

Rawalpindi lies between 33°35'54.02"N and 73° 2'38.80"E, city in the Punjab province of Pakistan.
Rawalpindi is adjacent to the Islamabad city and the two are jointly known as the "twin cities"
on account of strong social and economic links between the cities. Rawalpindi is the fourth-
largest city in Pakistan by population, while the larger Islamabad Rawalpindi metropolitan
area is the country's third-largest metropolitan area.

The district has an area of 5,286km2(2,041sq mi). Originally, its area was
6,192 km2 (2,391 sq mi) until the 1960s when Islamabad Capital Territory was carved out of the
district, giving away an area of 906 km2 (350 sg mi). It is situated on the southern slopes of the
north-western extremities of the Himalayas, including large mountain tracts with rich valleys
traversed by mountain rivers. The chief rivers are the Indus and the Jhelum, and it is noted for
its milder climate and abundant rainfall due to its proximity to the foothills.

Topographically speaking, the area in and around Rawalpindi has a complex geological history
of mountain formation, alluvial-loessic depositions, and erosion cycles. In the west of the
Potohar Uplands, the main depositions of loess are from the Pleistocene period. Streams and
ravines cut the loess plain, affected by gully erosion and steep slopes. Such land is unsuitable
for cultivation. The area is composed of sandstone and limestone. There is an extensive area
with exposed bedrock and fragmentary, thin soil formations. Important minerals like limestone,
marble, and fire clay are found in this region. Limestone is found abundantly in the Margalla
Hills and marble in the western section of Margalla Range. Limestone is common in the low hills
in Rawalpindi tehsil, and deposits can also be found in the Kankar Plains. Clay soils in the district
exhibit five distinct strata, from bottom to top: (i) coarse pebbles with sand or clay, (ii) an
alluvial stratum deposited by an older river system in the Soan Basin, (iii) alluvial deposits of the
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present river system, (iv) an airborne top layer of silt or clay (loess), and (v) conglomerate and

loose gravel deposits.

A number of streams originating from the Margala Hills join and form the Lai Nullah, the
principal watercourse in Rawalpindi. It winds north to south through developed areas of the
city and finally joins the Soan River. Lai Nullah carries rain runoff and sewage from a large part
of Islamabad, and it also collects untreated local sewage. Domestic solid waste is also dumped
in the nullah. It is a perennial surface water channel with occasional flooding during monsoon
season. The water level in this area is higher than in the upland. Rawalpindi city is situated at
an average elevation of 500 to 515 meters above mean sea level. Topographic map of
Rawalpindi derived from satellite mapping through GIS software is shown in Figure 3.1.
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Figure 3.1: Topographic Map of Project Area




3.2 Climatic Conditions

3.2.1 Temperature & Rainfall

The world has been warming at the rate of 0.128 + 0.026 °C per year since last 59 years (IPCC,
2007). In response to global warming, Pakistan is also facing Change in its climate, especially, in
the temperature which seems to be risen considerably. Twelve of the warmest years on record
occurred in the last decade. These alarming statistics carry a clear message that warming is due.
Climate has intrinsic variability and has been changing in past decades, even, before we started
measuring the climate parameters. But the uniqueness of this issue in modern world is that
human activities are now playing significant role in causing the climate to change. This is
evident from the recent rise in carbon dioxide (CO2) concentration in the atmosphere and in
response the rise of global temperatures on land and ocean’s surface.

As Rawalpindi has a humid subtropical climate with hot and wet summers, a cooler and drier
winter. The weather is highly variable due to the proximity of the city to the foothills of
Himalayas. Rawalpindi & Islamabad has hot, humid summers followed by monsoon and severe
winters. The weather varies greatly across seasons. Winter typically runs from December to
March with some rainfall. Cold temperatures of around 4.5°C are common over the coldest
months of December to February. Summer runs from April to September producing hot
temperatures averaging around 35°C. Extremes of temperature, as high as 46°C, have been
recorded during these months. Summers are accompanied by a monsoon season beginning in
June or July and running through to September. Winds are predominantly from the southwest,
except during the monsoon season when winds come from the southeast.

Rawalpindi has 7-8 hours of sunshine daily on average. As there will be no rise in temperature
due to reflections of the panels on the atmosphere because the panels are lined with anti-
reflection coating (ARC) on the surface which help to reduce the reflection of the panels to
almost zero. Adopted measures during rain and sandstorm are to generate or produce
electricity is to be reduced. The detailed temperature data are given in Table 3.1 taken from
metronome 7.7 and graphical presentation in given in Figure 3.2.

Table 3.1: Temperature Statistics for M.H Rawalpindi in 2018

Item Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec

Average 10.2 | 134 19 24 29.7 | 309 | 30.2 29 26.7 | 22,5159 | 11.7
Temperature(°C)
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Figure 3.2: Graphical representation of Temperature

The detailed average annual rainfall data are given in Table 3.2 and graphical presentation in
given in Figure 3.3.

Table 3.2: Rainfall Statistics for Rawalpindi in 2018

Item Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
Average 0.4 |[11.52 | 4.22 (21.79 | 458 |21.5| 85.8 |44.54 | 1592 | 3.5 [17.9| 2.5
Precipation

(mm)

Days 1 4 7 14 3 8 18 15 7 4 7 2
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Figure 3.3: Graphical representation of Average Rainfall

Maximum and Minimum Temperature Regime Map of Pakistan is shown in Figure 3.4, Figure

3.5 & Figure 3.6.
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Figure 3.5: Minimum Temperature Regime Map of Pakistan
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Figure 3.6: Precipitation Map of Pakistan

3.2.2 Wind Speed

The wind experienced at any given location is highly dependent on local topography and other
factors, and instantaneous wind speed and direction vary more widely than hourly averages.
Rawalpindi and its twin city Islamabad, during the year experiences a number of
thunderstorms, which is the highest frequency of any plain elevation city in the country. Strong
windstorms are frequent in the summer during which wind gusts have been reported

by Pakistan Meteorological Department due to such thunder/wind storms, which results in
some damage of infrastructure.

Wind in Rawalpindi is usually calm. The windiest month is May and June, followed by April and
July. May average wind speed is around 4.29m/s is considered “a light breeze.” Maximum
sustained winds (the highest speed for the day lasting more than a few moments) are at their
highest in month of June where average top sustained speeds reach 4.59m/s. The average wind
speed on yearly basis are given below in Figure 3.7.
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Figure 3.7: Graphical representation of average wind speed in M.H Rawalpindi

3.2.3 Relative Humidity

Rawalpindi has experiences extreme seasonal variation in the perceived humidity. Rawalpindi is
semi-arid region; the humidity is high. They have some humid months, and dry months in the
opposite season. The least humid month is May (39%) and the most humid month is August

(72.9%). Average annual humidity is given in Figure 3.8.
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Figure 3.8: Graphical representation of average relative humidity in M.H Rawalpindi

3.3 Hydrology

The Soan and Kurang Rivers are the main streams draining the area. Their primary tributaries
are the Ling River, draining northwestward into the Soan; Gumreh Kas, draining westward into
the Kurang from the area between the Kurang and Soan; and Lei Nala, draining southward into
the Soan from the mountain front and urban areas. The Kurang and Soan Rivers are dammed at
Rawal and Sambli Lakes, respectively, to supply water for the urban area. Extensive forest
reserves in the headwaters of the Kurang and Soan Rivers benefit the quality and quantity of
supply. A supplemental network of municipal and private wells as deep as 200 meters (m)
produces ground water primarily from Quaternary alluvial gravels. The altitude of the water
table decreases from about 600 m at the foot of the Margala Hills to less than 450 m near the
Soan River, so that the saturated zone generally lies 2-20 m below the natural ground surface
(Ashraf and Hanif, 1980). Lei Nala carries most of the liquid waste from Rawalpindi and
contributes greatly to the pollution of the Soan River below their confluence. Solid-waste
disposal practices threaten the quality of ground-water reserves.

The Kurang and Soan Rivers pass through the outskirts of Islamabad and Rawalpindi. The
Kurang River runs from north to south through the eastern suburbs of Islamabad and




Rawalpindi and joins the Soan River, which passes through the southern periphery of
Rawalpindi. In addition, the Nullah Lai is an extensive stream system that flows through parts of
Islamabad and Rawalpindi. The Nullah Lai has three tributaries (i.e. Saidpur Kas, Tenawali Kas
and Bedarawali Kas) all of which originate in the Margalla Hills and pass through Islamabad to
join the Nullah Lai. Below Khattarian Bridge, the Nullah Lai enters Rawalpindi and passes
through the central city before joining the Soan River. Many drainage and sewerage channels
also join the Nullah Lai as it passes through Rawalpindi.

Lai Nullah carries rain runoff and sewage from a large part of Islamabad, and it also collects
untreated local sewage. Domestic solid waste is also dumped in the nullah. It is a perennial
surface water channel with occasional flooding during monsoon season. Reservoirs of the
Rawal Dam and Khanpur Dam are the two major surface water bodies near the city, and they
serve about 40% of present water demand. The Soan River flows adjacent to the sewage
treatment plant site. Penetration of untreated wastewater from Rawalpindi and Islamabad has
severely depleted water quality and aquatic life.

The nearest water body to the project location is the Nullah Lai, flowing through Rawalpindi city
with a catchment area of approximately 235 km2. Boring of tube wells to obtain underground
water is standard practice being implemented by residents in the area to ensure continuous
supply of water. Sufficient underground water reserves with rapid recharge in the project area
are evident since no shortage of water has ever been experienced by the residents, even during
the summer seasons despite scarcity of rains.

3.4 Seismic Hazards

According to Seismic Zoning map of Pakistan, Project area falls in Zone 2B which is moderate to
severe damage area. However, occasionally tremors in the range of 2 and 3 on the Richter scale
are experienced from time to time. Also, no damage to the infrastructure and human
settlement is reported in the area. Map is shown in Figure 3.9.
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Figure 3.9: Seismic Map of Pakistan

3.5 Socio-Economic Conditions

Rawalpindi is a district located in the northernmost part of the Punjab province of Pakistan.
According to the 1998 census of Pakistan, the population of the district was 3,363,911 of which
53.03% were urban, and is the second-most urbanized district in Punjab. The population was
estimated to be 4.5 million in 2010. In 2017 population of Rawalpindi district was 5,405,633.
84% of the population is Punjabi, 9% is Pashtun, and 7% is from other ethnic groups. The main
tribes of the district are the Rajputs, Syed, Khattar, Dar, Gakhars, Janjuas, Awans, Gujjars, Jats,
Kassar, Sheikh (Caste), Abbasi, Khawaja, Bhatti, Chauhan, Mir, Butt, Lone,Waini/Wain, Mughals,
Qureshi (Caste), Rawal, Arain and Sattis.

According to 2015 data, Rawalpindi was ranked number one district of Pakistan in terms of
education and school infrastructure facilities. According to official 2014 Public Schools Census
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data, district Rawalpindi had a total of 1,230 primary, 316 middle, 365 secondary and 40 higher
secondary schools. Out of these public sector schools, 911 are male schools while 1,040 are for
girls. There were 4,279 teachers teaching at primary level while 3,129, 6,516 and 1,155 teachers
are teaching at middle, secondary and higher secondary level, respectively. Out of these
teachers, 9,788 are female while 5,291 are male. 24% of the Class 2 students could not read a
story in Urdu, 26% could not read a sentence in English and 46% of Class 5 students could not
do two digit divisions. 8% of the students dropped out of the school at the primary level.

Administratively, district Rawalpindi is divided into 7 tehsils i.e. Rawalpindi, Gujar Khan,
Murree, Kahuta, Taxila, Kotli Sattian, Gujar Khan and Kallar Syedan. It consists of 168 union
councils including 114 rural and 54 urban ones whose elected representatives formulate Zilla
and tehsil councils. Political constituencies include 7 national seats and 14 provincial seats of
legislative assemblies. Rawalpindi has experienced a rapid increase in population due to rural-
urban migration. Unplanned urban growth has been rampant, particularly in areas where basic
infrastructure is available. Inadequate urban services—especially sewerage, drainage and solid
waste management—have worsened quality of life and environmental conditions. Land use in
the city center is divided between commercial and residential. Concentrated commercial
activity and its linear growth have created complex problems such as inadequate parking, poor
accessibility due to encroachments on road footpaths, and presence of vendors/ hawkers.
Rawalpindi has more than 1,200 licensed industries. The major ones are located in the
outskirts, while some older ones are located in the cantonment area. Industries include leather
and tanning, shoemaking, food processing, plastics, polyethylene, paint manufacturing, plastic
utensil manufacturing, firecracker workshops, dyeing, soaps, detergents, electronics, and fabric
printing.

The health care services provided by the public health sector in District Rawalpindi consists of 4
THQ Hospitals, 10 Rural Health Centers, 98 Basic Health Units and 66 Dispensaries. In addition,
there are three public sector tertiary care hospitals. Pakistan Army also provides specialized
tertiary care through Military Hospital, Combined Military Hospital and Armed Forces Institutes
of Pathology, Cardiology, Ophthalmology, Rehabilitation, Dentistry and Blood Transfusion.

The occupational pattern in Rawalpindi is doing farming, small businesses and also working in
different factories as a labor. The urban cities of Rawalpindi consist of all modern facilities.
Modern hotels, restaurants, parks, markets etc. are common. Other professions include
embroidery, pottery, tie dye, doll making, lacquer work, khussa making, wood work, Ajrak, wax
printing, wood carving, metal work, shawl weaving, traditional carpets, stone work, wooden
spoon making, pattu weaving, truck art, block printing and needle work. The military
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headquarter also lies in this region as there is a strong hold of military in this region. Other
common occupations include teaching, business and trade.

3.6 Ecology

Flora in Rawalpindi district varies with elevation. In the upper reaches of the Murree Hills, the
main tree species include deodar (Cedrus deodara), biar (Pinus wallichiana), paludar (Abies
smithiana), and barangi (Quercus lassiflora). Chir pine (Pinus roxburghii) covers the lower hills,
along with kao, or wild olive, phulai (Acacia modesta); (Cedrala toona); drek (Melia
sempervirans); and sinetta (Dodona burmanniawa). Vegetation grows for the most part in
scattered clumps. At lower elevations and in the plains, the most common trees are shisham
(Dalbergia sissoo), toot (Morus alba), drek (Melia sempervirens), phulai, (Acacia modesta), ber
(Zizyphus jujaba), pipal (Ficus religiosa), kikar (Acacia arabica). Non-timber forest products
include floral buds of the kachenar, pomegranate, blackberries, raspberries, cranberries, and
wild pears. Trees are rare along the field boundaries and in cultivated areas, but stunted trees
are common in the ravines. The major crops were wheat, barley, maize, millets, and pulses.

No endangered species are found in the forests of Rawalpindi district. Jackals are still common,
however, and there are few wolves, foxes and bears. Deer and wild goats are occasionally
reported in the lower Murree Hills. Hare are found on all the low hills and in most of the
ravines. Birds called chikors are found hills and low spurs. Grey partridges are common, but
black partridges are rare. Ducks are found along the rivers and marshes. Geese are found in the
Soan Valley and quail are common in spring and autumn. As for the birds, there is no impact on
the birds due to the solar panels; the panels that are used in the project are lined with anti-
reflection coting which helps to reduce the reflection of the panels to almost zero. When the
Solar PV panels will be installed on the rooftop of M.H Rawalpindi, there is no disturbance of
flora and fauna due to this project.




CHAPTER 4

ENVIRONMENTAL IMPACTS AND MITIGATION
MEASURES

4 Potential Environmental Impacts and Mitigation
Measures

The project may have environmental impact during construction and operation phase of the
project. During construction phase, the impacts may be temporary and short term while long
term impacts may be observed during the operational phase of the project. The project has
positive impacts overall by providing a competitive, pollution free and cost effective. It may also
meet the increasing demand of power and reduce the gap between demand and supply of
power.

The construction and operation phase of the proposed project comprises various activities each
of which may have an impact on environmental parameters. The impacts of the project are
envisaged during the design and planning, during pre-construction phase, construction phase.

41 Impact on Air Quality

As the proposed project is Solar PV project, the impact during construction of project is
expected to be minimal as a Greenfield Project plant. Particulate matter in the form of dust
would be the predominant pollutant affecting the air quality during the construction phase.
Dust will be generated mainly through the movement of vehicles (transportation activities). No
excavation and back filling are required because the PV panels will install on rooftop of the M.H
Rawalpindi. The main source of gaseous emission during the construction phase is movement
of equipment and vehicles at site. Equipment deployed during the construction phase is also
likely to result in marginal increase in the levels of SO2, NOX, and particulate matter. The
impact is reversible, marginal and temporary in nature.

4.2 Impact on Noise Quality

The major noise generating sources during the construction phase are vehicular traffic,
construction equipment like; generators, compressors, vibrators etc. The operation of this




equipment will generate noise ranging between 75 — 90 dB (A). As noise generated during
construction phase of the project is low and within the Limits of NEQ's. As there is no impact on
nearby vicinity located in buffer zone so overall, the impact of generated noise on the
environment during construction period is insignificant, reversible and localized in nature.

4.3 Impact on Water Use and Quality

The construction personnel would be housed in temporary settlements or settlements provided
by the project sponsors. These settlements would discharge considerable amount of domestic
wastewater. Stagnant pools of water would increase breeding of mosquitoes and generally
create insanitary conditions. The main pollutants are organic components and microorganisms
with the potential to cause contamination of water quality. To address potential impacts on
water quality, disinfected washroom (e.g., through regular liming) will be used as main
component of the sanitation system. As the PV panels will be installed on rooftop so no use of
water during construction phase and minor use of water during operational phase for cleaning
of panels and overall no impact on water use and its quality.

4.4 Impact on Groundwater Contamination

There is no harm to the ground water due to construction of PV project because panels will be
installed on the rooftop and the project site which is already developed. There is no impact on
the Ground water.

Ground water due to plant operations will be drawn during operation phase for any purpose.
There shall be minimal discharge of wastewater from cleaning of Solar PV modules. The
wastewater emanating from cleaning operations shall be recycled or used for plantation around
the plant. For 01 MW, one vehicle of water is required for the cleaning and duration of the
cleaning for 1.0 MW is required approximately 01 or 02 days. For 475.2 kW, approximately
7,125 liters of water is required for washing of panels and on monthly basis and the process will
be done on monthly basis.

During the operation & maintenance period, natural underground water can be used for
cleaning the modules with manual washing. The water for cleaning the module doesn’t include
any chemical agents, so the untreated underground water will be used for cleaning. Based on
our project circumstances, modules shall be cleaned once in every month. The water supply




system will be installed along the solar panel array and will be used by the cleaning staff to use
the tap water for manual cleaning.

4.5 Impact on Land Use

The mobilization of construction equipment and construction materials will require space for
storage and parking of construction vehicles and equipment, construction material storage
yards, disposal sites, and labor camps for human resource to avoid environmental impact and
public inconvenience. The total land available for the Project is 2.5 acres. At the Project site,
there has been an absence of the following since the past few decades:

e Any major agricultural activity on the land
e Any field, wetland or protected area.

Overall, there will be no impact on the land use because the panels will be installed on the
rooftop and only a small chunk of land is required for the space of storage of equipment,
construction material and waste handling which have a no or minor impact and will be
temporary only in construction phase.

4.6 Impact on Biological Environment

The project area is already in developed area and there is no harm to the biological
environment for the installation of PV plant. As the PV panels are installed on the rooftop and
there will be no impact on flora and fauna of the project area. Thus, the site development
works would not lead to any significant loss of important species or ecosystems.

4.7 Impact on Solid Waste

Solid waste during the construction phase consists primarily of rejected components and
materials, packing and shipping materials (pallets, crates, Styrofoam, plastics etc.) and human
waste. During the construction there will be generation of garbage, for which designated
practices of solid waste disposal shall be followed.

Solid waste disposal will be done as follows;
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A waste inventory of various waste generated will be prepared and periodically
updated.

X/
°e

The scrap metal waste generated from erection of structures and related construction
activities will be collected and stored separately in a stack yard and sold to local
recyclers.

*» Food waste and recyclables viz. paper, plastic, glass etc. will be stored in designated
waste bins/containers. The recyclables will be periodically sold to local recyclers while
food waste will be disposed through proper waste handling mechanism.

Hazardous waste viz. waste oil etc. will be collected and stored in paved and bounded
area and subsequently sold to authorized recyclers.

X/
°e

The complete details of scrap metal details will be given as; scrap metal waste generated from
erection of structures and related construction activities will be collected and stored separately
in a stack yard and sold to local recyclers as per to manage the solid waste handling team. A
separate yard area will be allocated for storing the waste material as per the required industrial
practice. Also, approved contractor will be hired for the recycling of waste appropriately during
construction phase. Waste handling agency will be hired at the start of project construction to
manage the waste generating during the construction and operational phase of the plant and
the practices used for handling the waste disposal to manage proper waste management
through different mechanisms like, make a proper dumping site for the disposal of waste,
handling of waste. The wastes which are recyclable are sold to the external contractors and the
non-hazardous waste will be dumped through municipal waste collection system and services.
The solid waste will be dumped away from the project site and where nearby no settlements or
any other affected environment is present. It may the proper dumping site that is used for local
municipality. Although the PV cells will not be disposed but sent back under as warranty is for
25 years.

There are some solid wastes in the project site, including the packing material for the
equipment, like the wooden pallets and carton boxes. Solid waste management plan will be
followed third party EPA certified contractor will be hired for disposal of solid waste (No
Impact).




CHAPTER 5

INSTITUTIONAL REQUIREMENT AND
ENVIONMENTAL MONITORING PLAN

5 Institutional Requirement and Environmental
Monitoring Plan

During the construction and operation of PV Project, the project company will comply all the
rules and regulations of EPA and the standard practices as well as NEQs standards and
implement the environmental mitigation and monitoring plan during construction of the
project. Environmental Management and Monitoring Plan provides the mechanism to address
the adverse environmental as well as social impacts of the proposed project during its
execution, to enhance project benefits, and to introduce standards of good practice to be
adopted for all project works.

5.1 Preconstruction Phase

During pre-construction phase of the project, a field survey was conducted by the team to
identify the potential impacts and address into the monitoring plan to mitigate their affects to
the project and the surrounding environment. Define the roles and responsibilities for those
who involved in the implementation of the EMP during construction.

5.2 Construction Phase

During construction phase of the project, a solid waste will be handled properly as per the
standard industrial practices and dumped into the proper waste disposal sites which are
already identified. Provide safety trainings to the workers who works during the construction
phase. Provide instructions to project personnel and contractors regarding procedures for
protecting the environment and minimizing environmental impact during construction of the
project.




5.3 Operational Phase

During operational phase, the environment and social impact will be minimum as there is no
dust and any gaseous emission from the plant. Only the waste water that used for the cleaning
mechanism of PV panels will be generated and will be handled properly as per the standards.
Also provide trainings and awareness sessions rising on the environmental and social issues
related to power transmission projects to the project. Ensure the legal compliance properly
during O & M phase of the project.




CHAPTER 6

FINDINGS AND RECOMMENDATIONS

6 Findings and Recommendations

The Project will be the replacement of conventional power generation with renewable energy.
Solar energy will replace fossil fuel powered generation, and therefore reduce suspended
particulate matter and greenhouse gas emissions into the atmosphere.

The project is cost effectively and environmental impacts are likely to be minimum in result
from the proposed Power project. Careful mitigation and monitoring, specific selection criteria
and review/assessment procedures have been specified to ensure that minimal impacts will
take place. The detailed design would ensure inclusion of any such environmental impacts that
could not be specified or identified at this stage are taken into account and mitigated where
necessary. Those impacts can be reduced through the use of mitigation measures such as
correction in work practices at the construction sites, or through the careful selection of sites
and access routes. As proposed area is already the developed area and PV panels will be
installed on the rooftop of the M.H Rawalpindi and there is no harm to the natural environment
or any biological habitat.

Based on the environmental and social assessment and survey conducted for the Project, the
potential adverse environmental impacts can be mitigated to an acceptable level by adequate
implementation of the mitigation measures identified during visit. Adequate provisions are
being made in the Project to cover the environmental mitigation and monitoring requirements,
and their associated costs.
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EXECUTIVE SUMMARY

GHQ-Military Engineering Services (MES) is interested to install Solar PV Panels on the Ground
Mounted structure with capacity of 01 MW in Rawalpindi Golf Club. Around 3080 polycrystalline
(Tier 1 Manufactured) PV panels will be installed with power rated of 330 Wp and the capacity
factor is approximately 16.72%. the total energy generation will around 1.48 Million kWh.

The Military Engineering Services (MES)- GHQ wants to decrease the electricity utilization from
conventional grid due to cost-saving. Under these circumstances, GHQ has decided to switch
the maximum load on Solar PV System that will produce the cheaper units than the
conventional grid units.




CHAPTER 1

INTRODUCTION
1 INTRODUCTION

1.1 PROJECT BACKGROUND AND JUSTIFICATION

The project sponsor is GHQ-Military Engineering Services (MES). The sponsors of the company
will be interested to install the solar PV plant in Rawalpindi Golf Club to generate electricity.
GHQ-Military Engineering Services (MES) intends to install a Grid-Tie Solar PV Power Plant at
different location in their premises, by which they can reduce the electricity consumption from
the conventional grid and use the Solar generated units for running the load of 01MW Solar PV
Plant has been designed for Rawalpindi Golf Club which will get synchronize with the
conventional 11 KV Grid already present at the site. The site is located at Rawalpindi in the
province of Punjab.

1.2 Description of the Project

The project company will be installed 01MW of Solar PV plant in Rawalpindi Golf Club in District
Rawalpindi to produce electricity. The total area of the project is around 4.5 acres for the
installation of PV panels. The project area is already a developed area and the solar PV panels
will be installed with Ground Mounted structure in Rawalpindi Golf Club.

1.3 Project Location

The proposed project site is located in 33°34'37.00"N & 73° 5'7.00"E Rawalpindi Golf Club,
District Rawalpindi, Punjab. It is around 9.1 kilometers away from Rawalpindi City. The land
area of project site is 4.5 acres located at National Park road towards Rawalpindi Golf Club
road. The project land is owned by the project company for the installation of 01MW Solar PV
plant with Ground Mounted structure. The location of site can be viewed in Figure 1.1 and
overview of the project site is shown in Figure 1.2.
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Figure 1.1: Location of Project Site




Figure 1.2: Overview of Project Site (Picture-1)

Figure 1.3: Overview of Project Site (Picture-2)




CHAPTER 2

SOLAR ENERGY IN PAKISTAN

2 PROSPECTS OF SOLAR ENERGY IN PAKISTAN

Solar energy has excellent potential in areas of Pakistan that receive high levels of solar
radiation throughout the year. Every day, for example, the country receives an average of about
19 Mega Joules per square meter of solar energy. Pakistan being in the Sun Belt is ideally
located to take advantage of solar energy technologies. This energy source is widely distributed
and abundantly available in the country. The mean global irradiation falling on horizontal
surface is about 200-250 watt per sq.m in a day. This amounts to about 2500-3000 sun shine
hours and 1.9 - 2.3 MWh per sq.met in a year. It has an average daily global insolation of 19 to
20 MJ/sq.met per day with annual mean sunshine duration of 8 to 8.5 hours (6-7hrs in cold and
10-12 hrs in hot season) and these values are among the highest in the world. For daily global
radiation up to 23MJ/m2, 24 (80%) consecutive days are available in this area for solar energy.
Such conditions are ideal for solar thermal applications.

To summarize, the sun shines for 250-300 days per years in Pakistan with an average sun shine
hour of 8-9 per day. This gives huge amount of energy to be used for electricity generation by
solar thermal power plants. A quick potential of solar energy in Pakistan can be obtained from
the map of solar energy resource released by World Bank Group from 1999 to 2016 as shown in
Figure 2.1.
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Figure 2.1: Solar Resource Potential Map of Pakistan

2.1 Road Access to the Project Site

The Project site is easily accessible throughout the year. Distance from Rawalpindi city to the
project site is approximately 9.1 km through National Park road towards Golf road road. From
City to project site reached through Dhamial Road which further joins the Camp road towards
the Tulsa road then move left towards the Adiala road which further touches the Fort road.
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Figure 2.2: Orientation of Project Site from Rawalpindi City

From Nazar chowk, move towards the National Park road which joins the golf roa which is

around 9.1km as shown in Figure 2.2.
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Figure 2.3: Orientation of Project Site from Rawalpindi City (Arial Distance)

The planned movement from Port Qasim to the site will be through the National and Super
highways. The major section of the track from Karachi to the site is a multi-lane road, having a

relatively flat terrain because the PV Panels will be import through Karachi port and then
transported to the project site.




CHAPTER 3

BASELINE CONDITIONS

3 Baseline Conditions

The Baseline condition includes the different parameters which covers under this study are

topography, climatic conditions, hydrology, biological conditions, socio-economic environment
and seismic hazards.

3.1 Topography

Rawalpindi lies between 33°35'54.02"N and 73° 2'38.80"E, city in the Punjab province of Pakistan.
Rawalpindi is adjacent to the Islamabad city and the two are jointly known as the "twin cities"
on account of strong social and economic links between the cities. Rawalpindi is the fourth-
largest city in Pakistan by population, while the larger Islamabad Rawalpindi metropolitan
area is the country's third-largest metropolitan area.

The district has an area of 5,286km2(2,041sq mi). Originally, its area was
6,192 km2 (2,391 sq mi) until the 1960s when Islamabad Capital Territory was carved out of the
district, giving away an area of 906 km2 (350 sg mi). It is situated on the southern slopes of the
north-western extremities of the Himalayas, including large mountain tracts with rich valleys
traversed by mountain rivers. The chief rivers are the Indus and the Jhelum, and it is noted for
its milder climate and abundant rainfall due to its proximity to the foothills.

Topographically speaking, the area in and around Rawalpindi has a complex geological history
of mountain formation, alluvial-loessic depositions, and erosion cycles. In the west of the
Potohar Uplands, the main depositions of loess are from the Pleistocene period. Streams and
ravines cut the loess plain, affected by gully erosion and steep slopes. Such land is unsuitable
for cultivation. The area is composed of sandstone and limestone. There is an extensive area
with exposed bedrock and fragmentary, thin soil formations. Important minerals like limestone,
marble, and fire clay are found in this region. Limestone is found abundantly in the Margalla
Hills and marble in the western section of Margalla Range. Limestone is common in the low hills
in Rawalpindi tehsil, and deposits can also be found in the Kankar Plains. Clay soils in the district
exhibit five distinct strata, from bottom to top: (i) coarse pebbles with sand or clay, (ii) an
alluvial stratum deposited by an older river system in the Soan Basin, (iii) alluvial deposits of the
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present river system, (iv) an airborne top layer of silt or clay (loess), and (v) conglomerate and
loose gravel deposits.

A number of streams originating from the Margala Hills join and form the Lai Nullah, the
principal watercourse in Rawalpindi. It winds north to south through developed areas of the
city and finally joins the Soan River. Lai Nullah carries rain runoff and sewage from a large part
of Islamabad, and it also collects untreated local sewage. Domestic solid waste is also dumped
in the nullah. It is a perennial surface water channel with occasional flooding during monsoon
season. The water level in this area is higher than in the upland. Rawalpindi city is situated at
an average elevation of 500 to 515 meters above mean sea level. Topographic map of
Rawalpindi derived from satellite mapping through GIS software is shown in Figure 3.1.
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Figure 3.1: Topographic Map of Project Area

3.2 Climatic Conditions

3.2.1 Temperature & Rainfall

The world has been warming at the rate of 0.128 + 0.026 °C per year since last 59 years (IPCC,
2007). In response to global warming, Pakistan is also facing Change in its climate, especially, in
the temperature which seems to be risen considerably. Twelve of the warmest years on record
occurred in the last decade. These alarming statistics carry a clear message that warming is due.
Climate has intrinsic variability and has been changing in past decades, even, before we started
measuring the climate parameters. But the uniqueness of this issue in modern world is that
human activities are now playing significant role in causing the climate to change. This is




evident from the recent rise in carbon dioxide (CO2) concentration in the atmosphere and in
response the rise of global temperatures on land and ocean’s surface.

As Rawalpindi has a humid subtropical climate with hot and wet summers, a cooler and drier
winter. The weather is highly variable due to the proximity of the city to the foothills of
Himalayas. Rawalpindi & Islamabad has hot, humid summers followed by monsoon and severe
winters. The weather varies greatly across seasons. Winter typically runs from December to
March with some rainfall. Cold temperatures of around 4.5°C are common over the coldest
months of December to February. Summer runs from April to September producing hot
temperatures averaging around 35°C. Extremes of temperature, as high as 46°C, have been
recorded during these months. Summers are accompanied by a monsoon season beginning in
June or July and running through to September. Winds are predominantly from the southwest,
except during the monsoon season when winds come from the southeast.

Rawalpindi has 7-8 hours of sunshine daily on average. As there will be no rise in temperature
due to reflections of the panels on the atmosphere because the panels are lined with anti-
reflection coating (ARC) on the surface which help to reduce the reflection of the panels to
almost zero. Adopted measures during rain and sandstorm are to generate or produce
electricity is to be reduced. The detailed temperature data are given in Table 3.1 taken from
metronome 7.7 and graphical presentation in given in Figure 3.2.

Table 3.1: Temperature Statistics for Rawalpindi Golf Club in 2018

Item Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec

Average 10.8 | 139 | 195 | 245 | 30.2 (314 | 30.7 | 29.5 | 27.2 | 23 |16.4 | 12.2
Temperature(°C)
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Figure 3.2: Graphical representation of Temperature

The detailed average annual rainfall data are given in Table 3.2 and graphical presentation in
given in Figure 3.3.

Table 3.2: Rainfall Statistics for Rawalpindi in 2018

Item Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
Average 0.4 |11.52 | 422 (21.79 | 458 |21.5| 85.8 |44.54 | 1592 | 3.5 [17.9| 2.5
Precipation

(mm)

Days 1 4 7 14 3 8 18 15 7 4 7 2
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Figure 3.3: Graphical representation of Average Rainfall

Maximum and Minimum Temperature Regime Map of Pakistan is shown in Figure 3.4, Figure

3.5 & Figure 3.6.
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Figure 3.5: Minimum Temperature Regime Map of Pakistan
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Figure 3.6: Precipitation Map of Pakistan

3.2.2 Wind Speed

The wind experienced at any given location is highly dependent on local topography and other
factors, and instantaneous wind speed and direction vary more widely than hourly averages.
Rawalpindi and its twin city Islamabad, during the year experiences a number of
thunderstorms, which is the highest frequency of any plain elevation city in the country. Strong
windstorms are frequent in the summer during which wind gusts have been reported

by Pakistan Meteorological Department due to such thunder/wind storms, which results in
some damage of infrastructure.

The average daily wind speed in June (2019) has been around 13 km/h, that’s the equivalent to
about 8 mph, or 7 knots. In recent years the maximum sustained wind speed has reached 93
km/h, that’s the equivalent of around 58 mph, or 50 knots. Wind in Rawalpindi is usually calm.
The windiest month is May and June, followed by April and July. May average wind speed is
around 4.2m/s is considered “a light breeze.” Maximum sustained winds (the highest speed for
the day lasting more than a few moments) are at their highest in month of June where average
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top sustained speeds reach 4.4m/s. The average wind speed on yearly basis are given below in

Figure 3.7.
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Figure 3.7: Graphical representation of average wind speed in Rawalpindi Golf Club

3.2.3 Relative Humidity

Rawalpindi has experiences extreme seasonal variation in the perceived humidity. Rawalpindi is
semi-arid region; the humidity is high. They have some humid months, and dry months in the
opposite season. The least humid month is May (40.6%) and the most humid month is August

(75.1%). Average annual humidity is given in Figure 3.8.
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Figure 3.8: Graphical representation of average relative humidity in Rawalpindi Golf Club

3.3 Hydrology

The Soan and Kurang Rivers are the main streams draining the area. Their primary tributaries
are the Ling River, draining northwestward into the Soan; Gumreh Kas, draining westward into
the Kurang from the area between the Kurang and Soan; and Lei Nala, draining southward into
the Soan from the mountain front and urban areas. The Kurang and Soan Rivers are dammed at
Rawal and Sambli Lakes, respectively, to supply water for the urban area. Extensive forest
reserves in the headwaters of the Kurang and Soan Rivers benefit the quality and quantity of
supply. A supplemental network of municipal and private wells as deep as 200 meters (m)
produces ground water primarily from Quaternary alluvial gravels. The altitude of the water
table decreases from about 600 m at the foot of the Margala Hills to less than 450 m near the
Soan River, so that the saturated zone generally lies 2-20 m below the natural ground surface
(Ashraf and Hanif, 1980). Lei Nala carries most of the liquid waste from Rawalpindi and
contributes greatly to the pollution of the Soan River below their confluence. Solid-waste
disposal practices threaten the quality of ground-water reserves.

The Kurang and Soan Rivers pass through the outskirts of Islamabad and Rawalpindi. The
Kurang River runs from north to south through the eastern suburbs of Islamabad and
Rawalpindi and joins the Soan River, which passes through the southern periphery of




Rawalpindi. In addition, the Nullah Lai is an extensive stream system that flows through parts of
Islamabad and Rawalpindi. The Nullah Lai has three tributaries (i.e. Saidpur Kas, Tenawali Kas
and Bedarawali Kas) all of which originate in the Margalla Hills and pass through Islamabad to
join the Nullah Lai. Below Khattarian Bridge, the Nullah Lai enters Rawalpindi and passes
through the central city before joining the Soan River. Many drainage and sewerage channels
also join the Nullah Lai as it passes through Rawalpindi.

Lai Nullah carries rain runoff and sewage from a large part of Islamabad, and it also collects
untreated local sewage. Domestic solid waste is also dumped in the nullah. It is a perennial
surface water channel with occasional flooding during monsoon season. Reservoirs of the
Rawal Dam and Khanpur Dam are the two major surface water bodies near the city, and they
serve about 40% of present water demand. The Soan River flows adjacent to the sewage
treatment plant site. Penetration of untreated wastewater from Rawalpindi and Islamabad has
severely depleted water quality and aquatic life.

The nearest water body to the project location is the Nullah Lai, flowing through Rawalpindi city
with a catchment area of approximately 235 km2. Boring of tube wells to obtain underground
water is standard practice being implemented by residents in the area to ensure continuous
supply of water. Sufficient underground water reserves with rapid recharge in the project area
are evident since no shortage of water has ever been experienced by the residents, even during
the summer seasons despite scarcity of rains.

3.4 Seismic Hazards

According to Seismic Zoning map of Pakistan, Project area falls in Zone 2B which is moderate to
severe damage area. However, occasionally tremors in the range of 2 and 3 on the Richter scale
are experienced from time to time. Also, no damage to the infrastructure and human
settlement is reported in the area. Map is shown in Figure 3.9.
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Figure 3.9: Seismic Map of Pakistan

3.5 Socio-Economic Conditions

Rawalpindi is a district located in the northernmost part of the Punjab province of Pakistan.
According to the 1998 census of Pakistan, the population of the district was 3,363,911 of which
53.03% were urban, and is the second-most urbanized district in Punjab. The population was
estimated to be 4.5 million in 2010. In 2017 population of Rawalpindi district was 5,405,633.
84% of the population is Punjabi, 9% is Pashtun, and 7% is from other ethnic groups. The main
tribes of the district are the Rajputs, Syed, Khattar, Dar, Gakhars, Janjuas, Awans, Gujjars, Jats,
Kassar, Sheikh (Caste), Abbasi, Khawaja, Bhatti, Chauhan, Mir, Butt, Lone,Waini/Wain, Mughals,
Qureshi (Caste), Rawal, Arain and Sattis.

According to 2015 data, Rawalpindi was ranked number one district of Pakistan in terms of
education and school infrastructure facilities. According to official 2014 Public Schools Census
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data, district Rawalpindi had a total of 1,230 primary, 316 middle, 365 secondary and 40 higher
secondary schools. Out of these public sector schools, 911 are male schools while 1,040 are for
girls. There were 4,279 teachers teaching at primary level while 3,129, 6,516 and 1,155 teachers
are teaching at middle, secondary and higher secondary level, respectively. Out of these
teachers, 9,788 are female while 5,291 are male. 24% of the Class 2 students could not read a
story in Urdu, 26% could not read a sentence in English and 46% of Class 5 students could not
do two digit divisions. 8% of the students dropped out of the school at the primary level.
Administratively, district Rawalpindi is divided into 7 tehsils i.e. Rawalpindi, Gujar Khan,
Murree, Kahuta, Taxila, Kotli Sattian, Gujar Khan and Kallar Syedan. It consists of 168 union
councils including 114 rural and 54 urban ones whose elected representatives formulate Zilla
and tehsil councils. Political constituencies include 7 national seats and 14 provincial seats of
legislative assemblies. Rawalpindi has experienced a rapid increase in population due to rural-
urban migration. Unplanned urban growth has been rampant, particularly in areas where basic
infrastructure is available. Inadequate urban services—especially sewerage, drainage and solid
waste management—have worsened quality of life and environmental conditions. Land use in
the city center is divided between commercial and residential. Concentrated commercial
activity and its linear growth have created complex problems such as inadequate parking, poor
accessibility due to encroachments on road footpaths, and presence of vendors/ hawkers.
Rawalpindi has more than 1,200 licensed industries. The major ones are located in the
outskirts, while some older ones are located in the cantonment area. Industries include leather
and tanning, shoemaking, food processing, plastics, polyethylene, paint manufacturing, plastic
utensil manufacturing, firecracker workshops, dyeing, soaps, detergents, electronics, and fabric
printing.

The health care services provided by the public health sector in District Rawalpindi consists of 4
THQ Hospitals, 10 Rural Health Centers, 98 Basic Health Units and 66 Dispensaries. In addition,
there are three public sector tertiary care hospitals. Pakistan Army also provides specialized
tertiary care through Military Hospital, Combined Military Hospital and Armed Forces Institutes
of Pathology, Cardiology, Ophthalmology, Rehabilitation, Dentistry and Blood Transfusion.

The occupational pattern in Rawalpindi is doing farming, small businesses and also working in
different factories as a labor. The urban cities of Rawalpindi consist of all modern facilities.
Modern hotels, restaurants, parks, markets etc. are common. Other professions include
embroidery, pottery, tie dye, doll making, lacquer work, khussa making, wood work, Ajrak, wax
printing, wood carving, metal work, shawl weaving, traditional carpets, stone work, wooden
spoon making, pattu weaving, truck art, block printing and needle work. The military
headquarter also lies in this region as there is a strong hold of military in this region. Other
common occupations include teaching, business and trade.
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3.6 Ecology

Flora in Rawalpindi district varies with elevation. In the upper reaches of the Murree Hills, the
main tree species include deodar (Cedrus deodara), biar (Pinus wallichiana), paludar (Abies
smithiana), and barangi (Quercus lassiflora). Chir pine (Pinus roxburghii) covers the lower hills,
along with kao, or wild olive, phulai (Acacia modesta); (Cedrala toona); drek (Melia
sempervirans); and sinetta (Dodona burmanniawa). Vegetation grows for the most part in
scattered clumps. At lower elevations and in the plains, the most common trees are shisham
(Dalbergia sissoo), toot (Morus alba), drek (Melia sempervirens), phulai, (Acacia modesta), ber
(Zizyphus jujaba), pipal (Ficus religiosa), kikar (Acacia arabica). Non-timber forest products
include floral buds of the kachenar, pomegranate, blackberries, raspberries, cranberries, and
wild pears. Trees are rare along the field boundaries and in cultivated areas, but stunted trees
are common in the ravines. The major crops were wheat, barley, maize, millets, and pulses.

No endangered species are found in the forests of Rawalpindi district. Jackals are still common,
however, and there are few wolves, foxes and bears. Deer and wild goats are occasionally
reported in the lower Murree Hills. Hare are found on all the low hills and in most of the
ravines. Birds called chikors are found hills and low spurs. Grey partridges are common, but
black partridges are rare. Ducks are found along the rivers and marshes. Geese are found in the
Soan Valley and quail are common in spring and autumn. As for the birds, there is no impact on
the birds due to the solar panels; the panels that are used in the project are lined with anti-
reflection coting which helps to reduce the reflection of the panels to almost zero. When the
Solar PV panels will be installed on Ground mounted structure, there is no or minor disturbance
of flora and fauna due to this project. Some trees will be removed during installation of panels
and after completion of project, a new plants or trees will be planted near to the project area
and their surroundings.




CHAPTER 4

ENVIRONMENTAL IMPACTS AND MITIGATION
MEASURES

4 Potential Environmental Impacts and Mitigation
Measures

The project may have environmental impact during construction and operation phase of the
project. During construction phase, the impacts may be temporary and short term while long
term impacts may be observed during the operational phase of the project. The project has
positive impacts overall by providing a competitive, pollution free and cost effective. It may also
meet the increasing demand of power and reduce the gap between demand and supply of
power.

The construction and operation phase of the proposed project comprises various activities each
of which may have an impact on environmental parameters. The impacts of the project are
envisaged during the design and planning, during pre-construction phase, construction phase.

41 Impact on Air Quality

As the proposed project is Solar PV project, the impact during construction of project is
expected to be minimal as a Greenfield Project plant. Particulate matter in the form of dust
would be the predominant pollutant affecting the air quality during the construction phase.
Dust will be generated mainly through the movement of vehicles (transportation activities).
Minor excavation and back filling are required because the PV panels will install on vacant land.
The main source of gaseous emission during the construction phase is movement of equipment
and vehicles at site. Equipment deployed during the construction phase is also likely to result in
marginal increase in the levels of SO2, NOX, and particulate matter. The impact is reversible,
marginal and temporary in nature.




4.2 Impact on Noise Quality

The major noise generating sources during the construction phase are vehicular traffic,
construction equipment like; generators, compressors, vibrators etc. The operation of this
equipment will generate noise ranging between 75 — 90 dB (A). As noise generated during
construction phase of the project is low and within the Limits of NEQ's. As there is no human
settlements and villages near the project vicinity located in buffer zone so overall, the impact of
generated noise on the environment during construction period is insignificant, reversible and
localized in nature.

4.3 Impact on Water Use and Quality

The construction personnel would be housed in temporary settlements or settlements provided
by the project sponsors. These settlements would discharge considerable amount of domestic
wastewater. Stagnant pools of water would increase breeding of mosquitoes and generally
create insanitary conditions. The main pollutants are organic components and microorganisms
with the potential to cause contamination of water quality. To address potential impacts on
water quality, disinfected washroom (e.g., through regular liming) will be used as main
component of the sanitation system. As the PV panels will be installed on vacant land so minor
use of water during construction phase of the project and overall no impact on water use and
its quality.

4.4 Impact on Groundwater Contamination

There is no harm to the ground water due to construction of PV project because panels will be
installed on the Ground but require little leveling and excavation to fix the structure and the
project site is already developed. There is no impact on the Ground water.

Ground water due to plant operations will be drawn during operation phase for any purpose.
There shall be minimal discharge of wastewater from cleaning of Solar PV modules. The
wastewater emanating from cleaning operations shall be recycled or used for plantation around
the plant. For 01 MW, one vehicle of water is required for the cleaning and duration of the
cleaning for 1.0 MW is required approximately 01 or 02 days. For 01 MW, approximately 15000
liters of water is required for washing of panels and on monthly basis and the process will be
done on monthly basis.




During the operation & maintenance period, natural underground water can be used for
cleaning the modules with manual washing. The water for cleaning the module doesn’t include
any chemical agents, so the untreated underground water will be used for cleaning. Based on
our project circumstances, modules shall be cleaned once in every month. The water supply
system will be installed along the solar panel array and will be used by the cleaning staff to use
the tap water for manual cleaning.

4.5 Impact on Land Use

The mobilization of construction equipment and construction materials will require space for
storage and parking of construction vehicles and equipment, construction material storage
yards, disposal sites, and labor camps for human resource to avoid environmental impact and
public inconvenience. The total land available for the Project is 4.5 acres. At the Project site,
there has been an absence of the following since the past few decades:

e Any major agricultural activity on the land
e Any field, wetland or protected area.

Overall, there will be no impact on the land use. There is minor excavation require for the piling
and adjust the mounting structure and a small chunk of land is required for the space of storage
of equipment, construction material and waste handling which have a no or minor impact and
will be temporary only in construction phase.

4.6 Impact on Biological Environment

The project area is already developed area and there is no harm to the biological environment
for the installation of PV plant. There will be no impact on flora and fauna of the project area.
Thus, the site development works would not lead to any significant loss of important species or
ecosystems. Only few trees will be replaced during clearing of land and will be replanted a new
plant in project vicinity.

4.7 Impact on Solid Waste

Solid waste during the construction phase consists primarily of excess concrete and cement,
rejected components and materials, packing and shipping materials (pallets, crates, Styrofoam,




plastics etc.) and human waste. During the construction there will be generation of garbage, for
which designated practices of solid waste disposal shall be followed.

Solid waste disposal will be done as follows;

/7
A X4

A waste inventory of various waste generated will be prepared and periodically
updated.

X/
°e

The excavated material generated will be reused for site filling and leveling operation to
the maximum extent possible
The scrap metal waste generated from erection of structures and related construction

X/
°e

activities will be collected and stored separately in a stack yard and sold to local
recyclers.

% Food waste and recyclables viz. paper, plastic, glass etc. will be stored in designated
waste bins/containers. The recyclables will be periodically sold to local recyclers while
food waste will be disposed through proper waste handling mechanism.

+* Hazardous waste viz. waste oil etc. will be collected and stored in paved and bounded
area and subsequently sold to authorized recyclers.

The complete details of scrap metal details will be given as; scrap metal waste generated from
erection of structures and related construction activities will be collected and stored separately
in a stack yard and sold to local recyclers as per to manage the solid waste handling team. A
separate yard area will be allocated for storing the waste material as per the required industrial
practice. Also, approved contractor will be hired for the recycling of waste appropriately during
construction phase. Waste handling agency will be hired at the start of project construction to
manage the waste generating during the construction and operational phase of the plant and
the practices used for handling the waste disposal to manage proper waste management
through different mechanisms like, make a proper dumping site for the disposal of waste,
handling of waste. The wastes which are recyclable are sold to the external contractors and the
non-hazardous waste will be dumped through municipal waste collection system and services.
The solid waste will be dumped away from the project site and where nearby no settlements or
any other affected environment is present. It may the proper dumping site that is used for local
municipality. Although the PV cells will not be disposed but sent back under as warranty is for
25 years.

There are some solid wastes in the project site, including the packing material for the
equipment, like the wooden pallets and carton boxes. Solid waste management plan will be
followed third party EPA certified contractor will be hired for disposal of solid waste (No
Impact).




CHAPTER 5

INSTITUTIONAL REQUIREMENT AND
ENVIONMENTAL MONITORING PLAN

5 Institutional Requirement and Environmental
Monitoring Plan

During the construction and operation of PV Project, the project company will comply all the
rules and regulations of EPA and the standard practices as well as NEQs standards and
implement the environmental mitigation and monitoring plan during construction of the
project. Environmental Management and Monitoring Plan provides the mechanism to address
the adverse environmental as well as social impacts of the proposed project during its
execution, to enhance project benefits, and to introduce standards of good practice to be
adopted for all project works.

5.1 Preconstruction Phase

During pre-construction phase of the project, a field survey was conducted by the team to
identify the potential impacts and address into the monitoring plan to mitigate their affects to
the project and the surrounding environment. Define the roles and responsibilities for those
who involved in the implementation of the EMP during construction. Also define the
implementation mechanism for the mitigation measures identified during the present study.

5.2 Construction Phase

During construction phase of the project, a solid waste will be handled properly as per the
standard industrial practices and dumped into the proper waste disposal sites which are
already identified. Provide safety trainings to the workers who works during the construction
phase. Provide instructions to project personnel and contractors regarding procedures for
protecting the environment and minimizing environmental impact during construction of the
project.




5.3 Operational Phase

During operational phase, the environment and social impact will be minimum as there is no
dust and any gaseous emission from the plant. Only the waste water that used for the cleaning
mechanism of PV panels will be generated and will be handled properly as per the standards.
Also provide trainings and awareness sessions rising on the environmental and social issues
related to power transmission projects to the project. Ensure the legal compliance properly
during O & M phase of the project.




CHAPTER 6

FINDINGS AND RECOMMENDATIONS

6 Findings and Recommendations

The Project will be the replacement of conventional power generation with renewable energy.
Solar energy will replace fossil fuel powered generation, and therefore reduce suspended
particulate matter and greenhouse gas emissions into the atmosphere.

The project is cost effectively and environmental impacts are likely to be minimum in result
from the proposed Power project. Careful mitigation and monitoring, specific selection criteria
and review/assessment procedures have been specified to ensure that minimal impacts will
take place. The detailed design would ensure inclusion of any such environmental impacts that
could not be specified or identified at this stage are taken into account and mitigated where
necessary. Those impacts can be reduced through the use of mitigation measures such as
correction in work practices at the construction sites, or through the careful selection of sites
and access routes. As proposed land is already the developed land and PV panels will be
installed on the Ground mounted structure and there is no or minimum harm to the natural
environment or any biological habitat.

Based on the environmental and social assessment and survey conducted for the Project, the
potential adverse environmental impacts can be mitigated to an acceptable level by adequate
implementation of the mitigation measures identified during visit. Adequate provisions are
being made in the Project to cover the environmental mitigation and monitoring requirements,
and their associated costs.




Safety and Emergency Plans
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SAFETY AND EMERGENCY PLAN

EMERGENCY RESPONSE PLAN (ERP)
PURPOSE

To describe responsibilities in preparation for, response to and recovery from any reasonably
foreseeable incident.

PRIORITIES

Secure the Health and Safety of all personnel involved Minimize any impact on the environment.
Minimize any impact on property and assets.

ROLES AND RESPONSIBILITIES
EMERGENCY RESPONSE TEAM LEADER

The person is responsible to manage the execution of emergency response. The main responsibilities
include

e Lead the team in case of emergency.

e Ensuring that appropriate emergency response teams are defined and prepared for the
various emergency response in different cases.

e Notification to Project Manager of any emergency incident. Emergency should be notify via
radio, telephone or messenger.

SITE ENGINEER

Site Engineer is responsible for ensuring at site that provisions are in place for emergency response,
including:

e Assembly Points

e Arrangements for conducting head count
e |dentification & Mobilization of Fire Team
e Setting up drills and exercise

e Procurement of firefighting equipment

In the event of any emergency, following actions shall be taken by Site Engineer (HSE).

e Analyse the situation and issue direction to the concerned parties and to the Fire Team.

e To make sure that the emergency situation is properly communicated to ERT leader.

e Analyse the intensity of the incident and raise the requirement of any additional equipment
if necessary.
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e Communicate with site supervisor for withdrawing any permits and for mobilization of any
plant and equipment necessary for dealing with emergency.
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FIRE TEAM
Fire Team will be responsible for:

e Practice the emergency plan exercise on periodic basis.
e Select a member of their team as a leader who will report to Site Engineer (HSE).
e Take part in different training activities.

An electrician shall be included in the fire team who will be responsible for electrical isolation of
areas as necessary.

There shall be a periodic check and routine maintenance of firefighting appliances. There will be a
sufficient redundancy of appliances to get utilized in case of emergency.

GENERAL CONSIDERATIONS

Emergency drills shall be arranged after a periodic intervals. The Site Engineer (HSE) shall be
responsible for identifying any remedial actions required.

Communication is a critical factor while dealing with emergency. In case of emergency observed by
any person, the emergency alarm will be raise on priority and the assembly point shall be clearly
indicated. List of all emergency contacts will be displayed at site. A person will notify about the
emergency to the site Engineer as well as on emergency numbers.

Activate the emergency alarm to evacuate the area safely and make sure that all persons leave the
site safely. Assign someone to advise security to open the main gate of facility for emergency
vehicles.
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System Studies

Short Circuit Study/Load Flow Studies are being prepared by the Consultants. We will submit the same to
the Authority once completed.
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Plant Characteristics

Generation Voltage
The Solar PV System will be generating the electricity at 400 V and it will be synchronized on

the same voltage level.

Power Factor & Frequency

CMH Rawalpindi 1 MW Solar PV system is using Grid-Tie inverters of 50 KVA to convert DC
power of solar panels to Alternating Power. The Power Factor is adjustable from O overexcited
to 0 underexcited and the rated Power Factor at nominal power is 1. The range of frequency of
the inverter is 45-65 Hz and nominal frequency of generation is 50 Hz.
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Plant Characteristics

Generation Voltage
The Solar PV System will be generating the electricity at 400 V and it will be synchronized on

the same voltage level.

Power Factor & Frequency

MH Rawalpindi 1 MW Solar PV system is using Grid-Tie inverters of 50 KVA to convert DC power
of solar panels to Alternating Power. The Power Factor is adjustable from 0 leading to 0 lagging
and the rated Power Factor at nominal power is 1. The range of frequency of the inverter is 44-
55 Hz and nominal frequency of generation is 50 Hz.
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Plant Characteristics

Generation Voltage

The Solar PV System will be generating the electricity at 11 KV and it will be synchronized on
the same voltage level.

Power Factor & Frequency

Rawalpindi Golf Course 1 MW Solar PV system is using Grid-Tie inverters of 150 KVA each to
convert DC power of solar panels to Alternating Power. The Power Factor is adjustable from 0
leading to 0 lagging and the rated Power Factor at nominal power is 1. The range of frequency
of the inverter is 44-55 Hz and nominal frequency of generation is 50 Hz.
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Metering and Protection

The energy which will be generated by Solar System will be locked in the inverters and a
separate CT meters will be installed at the site, by which the instantaneous power, daily energy,
monthly energy and total energy can be measured.

The inverters with the following protections will be installed at the site.

e DC current reverse connection protection
e AC short circuit protection

e Leakage current protection

e Grid monitoring

e DCfuse and over current protection

e Anti-PID function

e Overvoltage protection
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Training and Development

The most important things to cover in Training & Development include orientation, site induction
according to HSE instructions and other professional and management training.

INITIAL HSE ORIENTATION PROGRAM

After completion of successful HSE orientation, a person will be permitted to enter the site. The Site
Engineer HSE will be responsible for the initial orientation which will cover the general HSE rules and
regulations for working on site including use of PPEs, first aid, incident reporting, emergency response
(alarm system, escape route, assembly point) and possible hazards at the site.

This orientation will be also for the workers of sub-contractors working at the site. Site Engineer HSE will
be responsible to keep a record of all the workers.

MANAGEMENT EMPLOYEES TRAINING PROGRAM

The management employees training program will be conducted during to make sure that all
management employees are trained.

Site HSE Engineer will conduct HSE trainings for all staff based on training plan.
TASK SPECIFIC TRAINING PROGRAM

If required, an additional training program shall also be arranged for staff and workers in order to give
technical knowledge of solar PV system.
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Efficiency Parameters

Calculation of PR

PV power plant efficiency can be judged per its performance ratio, expressed as a percentage.
This ratio compares a plant's actual energy production to its theoretical energy-generating
potential and describes how efficient a PV power plant is in converting sunlight incident on

the PV array into AC energy delivered to the utility grid. AS per IEC definition, Performance

Ratio is defined as:

. : Z1 Z3
Per formance Ratio - =
£2 Z4

Where,

Z1 = Accumulated electricity generated during testing period (KWh)
Z2 - Total system installed capacity (KWs)

Z3 - Accumulated irradiation during testing period (Wh/m?)

1A - Intensity of irradiance under STC condition = 1000W/m?

Calculation of CUF

Capacity Utilization Factor of the plant is calculated using this formula:

Specific Production kwh/KWp

. lization F _ % 1
Capacity Utilization Factor 74 X 365 00
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