
 

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

3
rd

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

  Clifton Karachi-Pakistan 

 

 

 

 

The Registrar 

National Electric Power Regulatory Authority 

G-5/1, Islamabad 

 

 

Subject: Application for Generation License upto 4 MW 

 

I, Farman Ahmed Khan Lodhi, Chief Executive Officer, being the duly authorized representative 

of SOLIS BRAVO ENERGY (PRIVATE) LIMITED by virtue of BOARD RESOLUTION 

dated 8
th
 July, 2019, hereby apply to National Electric Power Regulatory Authority for the grant 

of a Generation License to SOLIS BRAVO ENERGY (PRIVATE) LIMITED pursuant to section 

15 of the Regulation of Generation, Transmission and Distribution of Electric Power Act, 1997. 

 

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

in conformity with the provisions of the National Electric Power Regulatory Authority Licensing 

(Application and Modification Procedure) Regulations, 1999, and undertake to abide by the 

terms and provisions of the above-said regulations. I further undertake and confirm that the 

information provided in the attached documents-in-support is true and correct to the best of my 

knowledge and belief. 

 

A PAY ORDER in the sum of Rupees 177,688 being the non-refundable license application fee 

calculated in accordance with Schedule II to the National Electric Power Regulatory Authority 

Licensing (Application and Modification Procedure) Regulations, 1999, is also attached 

herewith. 

 

 

Date: 13
th

 -September-2019 

 

         

 

               
________________________ 

Farman Ahmed Khan Lodhi 

Chief Executive Officer 
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EXTRACT OF THE BOARD OF DIRECTORS RESOLUTIONOF SOLISBRAVOENERGY(PVT.) LTO
HELD ONJULY 08, 2019

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

"RESOLVED THAT fi ling of an application with National Electric Power Regulatory Authority
for obtaining generation license for setting up 4 MW Solar power generation projects by Solis
Bravo Energy (Private) Limited (a company incorporated under the laws of Pakistan with its
registered office located at 3rd 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;

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

(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 Bravo Energy Pvt. Ltd.
3rd Floor, Horizon Vista, Block-4
r.liftnn I( ::>r::>"hi _ P",Lri",+",,,

T +92 (21) 3529 4301-6 www.solis-energy.com
E:' ...Lot') 14")1 \ '2r:t')n I .,11



s

(iv) appoint or nominate anyone or more officers of the Company or any other person or
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

I!£hawar
Director

Dated: July 08, 2019
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Memorandun, of IIssoalal iO,'1

THE COMPANIES ACT. 2017

lComnanlllimiled bll Shares)

MEMORANDUM OF ASSOCIATION

OF

SOLIS BRAVO ENERGY (PRIVATEI UMITED
I) The IHlIl!eof the Company is "SOLIS m~AVO ENERGY (PRIVATE) Lli\'IITED".

(i) The principal line of business of the company shall be to carryon all or any of the
businesses of generating, supplying, converting, 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 ofNEPRA wherever, required.

2) The Registered Office of the company shall be situated in the province ofSindh.

3)

(

(ii) 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 nil necessary steps
and actions in connection therewith and ancillary thereto.

(ii i) 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 ~~9~iQj!1g. !i!e
services of security guards or any other business restricted under any)l}~v~fQ_ilrtlle.'ti!ji::,: .
being in force or as may be specified by the Commission. //f.}-~".... ,-::,-..~,~.'>/:?-::>;,

11.";1' :--;'::;'.'I"'\"."~~' t', ..~~~.. ..\\._

It is hereby undertaken that the company shall not: ret P~~.:~):~~·;~.:\<~:.:I'/:",
(a) engage in any of the business mentioned III sub-clalls~\(.iji),/~b~iJ:·'Ol;·,:·~nV :;

unlawful operat ion; \~;:t~;,~~:>.:I~.:)::.','. ,'.'
(b) launch multi-level marketing (MLM), Pyramid and Ponzi Scfielllej,'ol:'bilier

related activities/businesses or any lottery business; -

(iv)

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

SOLIS BRA VO ENERGY (PRlVATE) LIMITED I'nge /I I



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 BRAVO ENERGY (PRIVATE) LIMITED Page # 2
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THE COMPANIES ACT. 2011

[Comn311V LilllileLlllV Shares)

ARTICLES OF ASSOCIATION

OF

SOLIS BRAVO ENERGY(PRIVATE) LIMITED
PRELIMINARY

\
1. (1) In these regulations-

a. "section" means section of the Act;
b. "the Act" means the Companies Act, 2017; and
c. "tile 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 versa, and words importing the masculine gender shall include feminine, and words importing
persons shall include bodies corporate. .:>::~"I'.:.'S!~':!!.~..~::.:;:

BUSINESS J;V ~):::':,;/:;:>/ ,~\
:{j !/:'~S~~:._~~:.:~.'f{' \',:", ',~\

2. The directors shall have regard to the restrictions on the c6{l1inen..c~lTl}:N.~.>.f:.b~l~ine~sijnposed by section
. 19 if, and so far as, those restrictions are binding upon th~:~O..I:nPr'a;i:~~::;":/::;/ _/:,:/

\\ :.-:./.~..;... ,'" " /1
\," c .')., '.:. ., \'<:;/~~~/':u'~.'J' .:;:,:. "./ 'SHARES

(

3. Tncase 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 allotment or within
fifteen days of the application for registration of transfer, a certificate under the seal specifying 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 conversion of physical shares and
other transferable securities into book-entry form, the company shall, within ten days after an
application is made for the registration of the transfer of any shares or other securities to a central
depository, register such transfer in the name of the central depository.

il. 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.

5. If a share certificate in physical form is defaced, lost or destroyed, it may be renewed on payment of
Stich 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 BRAVO ENERGY (PRTVATE) LIMITED



6. Except to the 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. The instrument of transfer of any share in physical [orrn 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 nny usual or
common form which the directors shall npprove: -

....
Fonn for Transfer of Shares I.~" ,,'

(First Sclicdule to tile Compnuics AcI,4'Ql~)";; .. "
;(~. "_"'."

1... s/o 1'/0 (Hereinafter called "tli~i!rill~~fe~:~r':)in c~llsideration of the
. \\~:<J ~I. -. '·r' .~.J .sum of rupees paid to me by S/o ,\....1.,.: :;.:.;; .r'/0.;.': ,.., (hereinafter

ca.lled "th~ tl:ans!eree"), do hereby transfer to the said transferee.:.\~~~t»'h ..:~~~l1e·~'ii]N·~. (or shar:s)
With distinctive numbers from to inclusive, ll\·.th_'(!}'&O-gS.;.BRA VO ENERGY
(PRIVATE) UMTI'ED, to hold unto the said transferee, his executors, admiJ;i·s·ft:ii6l'~·a;ld assigns, subject to
the several conditions on which I held the same at the time of the execution hereof, and I, the said transferee,
do hereby agree to take the said share (or shares) subject to the conditions aforesaid. As witness our hands
this day of , 20 .

(

Signature ..
Transferor
Full Name, Father's / Husband's Name
CNIC Number (in case of foreigner,
Passport Number)
Nationality
Occupation and usual Residential Address

Signature ..
Transferee
Full Name, Father's / Husband's Nrune
CNIC Number (in case of foreigner,
Passport Number)
Nationality
Occupation and usual Residential Address
Cell number
Landline number, if any
Email address

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

Witness 2:
Signature date ..

Name, CNIC Number and Full Address

Dank 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:

SOLlS BRAVO ENERGY (PRLVATE) LiMITED
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Tile of Bank Account
Bank Account Number
Bank's Name
Branch Name and Address

It is stilted that the above mentioned information is c.onect and that Iwill intimate the changes in
the above-mentioned information to the company and the concerned Share Registrar as soon as these
occur.

Signature of the Transfereeis)

9. (1) Subject to the restrictions contained in regulation 11 cll'\c!J?/Jl.1~directors shall not refuse to transfer
any share unless the transfer deed is defective 9r'j~-i,valia-,:ucPI~~:;~irectors may also suspend the
registration of transfers during the ten days iml,:.~,~V:a't~i~.pl:~t~(lJ~~$.\~eneralmeeting or prior to the
determination of entitlement or rights of the sha)~elibld~.r's~Y.'g!\'i.l,lgsev~n days' previous notice in the

,. It '.' ,'" ll':.·'1..~ " 7· r

manner provided in the Act. The directors maY'ii,f1Jas~~(::s11~~~e~irt)J.hys!cill form, decline to recognise
. f ( I ._ 'I \\..,' ,", ,,' • 'any Instrument 0 transfer un ess- \..-:-;. i "'foe .•,'\, ";"'; .. ;,' .-',:

\'.;~:'~'j.'!:.:;~:~?~..':-::'~':':.,:;'' _-
a) A fee not exceeding fifty rupees as may be}iet~l~rhi'l~d by tl\e directors is paid to the company

,,_ , 'i"' -I ," .,~, .• ,"

in respect thereof and "'>" ,::,';i i.~'.'.'I_" "
' ..:'-:... -- ....

b) The duly stamped instr.ument of transfer is accompanied by the certificate of the shares to
which it relates, and such other evidence as the directors may reasonably require to show the
right of the transferor to make the transfer.

(2) If the directors refuse to register a transfer of shares, they shall within fifteen days after the date on
which the transfer deed was lodged with the company send to the transferee and the transferor notice
of the refusal indicating the defect 01' 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 01' 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 names of two 01' 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 BRAVO ENERCY(PRIVATE) LlM1TED



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 Illay on acquiring interest in a company as member, represented by shares, at any time alter
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, <1S 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 <1

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 right conferred by
membership in relation to meetings of the company.

ALTERATION OF CAPITAL

15. The company may, by special resolution- .... . ..~
increase its authorized capital by such amount as it thinks expedient; ",., .>\
consolidate and divide the whole or any part of its share capital into shares ~fJ~,rge;:.. ':- : .>, :_:,:

I ) -e» ..

amount than its existing shares; i~'?- ."-;;<.-: :_\" :\-'i
(c) sub-divide its shares, or any of them, into shares of smaller amount than is f :5tedby..tl;c··:;: ..-.:-:'~::\:' ~;:::

, ,'I .: , j :'. ~':." '. -_f '''' • • .~. :memorandum: \ .:-. -i : i:, .;;", :_.: ';

Cancel shares which, <It the date of the passing of the r:s~ll~tion in that beha;(:,~~1_~~~b-l '</.;'<~}
been taken or agreed to be taken by any person, and diminish the amount of Its'sll~r_~'JlJ! I' ~l':\;':.>;/
capital by the amount of the share so cancelled. "-._::~:..:- .> -

(<I)
(b)

(d)

(
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, <1Snearly 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, 01' 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 or the same in such manner as they think most beneficial to the comp<1ny. 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 LJRAVO ENERGY (PRIVATE) LIMITED
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18. The comp,my m<lY,by special resolution-

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

19. The company may, by special resolution, reduce its share capital in any manner and with, and subject
to confirmation by the Court find any incident authorised find consent required, by law.

GENERAL MEETINGS

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

(

21. A general meeting, to be cal led annual general ..nJe~i,irig;sl~$i_l"t?~held, in accordance wi th the provisions
of section 132, within sixteen months from;i~e\'ci~t~.of·;.!.~c.?~fQ:~fI~ionof the company and thereafter
once at least in every year within a perio"~~)Fone.}J.(l·n(lre~.and h~~nty days following the close of its
Ii . I '(-, .1. 1·\1.:·,. -., '.mancla year. I" .~:'.' ;·,<t'. ,:, ; .. ' .

\ D :.,~;>",~,:~~:>,,-:.~,).~...i . j i
I ->: ,v" ."',, J. ( i,

22. All general meetings of a compClny othei~\th~n ·t~o';:~i~.~litO!·,ymeeting or an annual general meeting
mentioned in sections 131 and 132 respecti'v~~».~~alI·?~ 't~,(iec_l~~x~raordinary general meetings .

. ' .....:.::..::~..~.I.·(t~.f '. " ._':';> /
23. The directors may, whenever they think fit, call 1m 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.

24. The compflny 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

25. Twenty-one days' notice at the least (exclusive of the day on which the notice is served 01' deemed to
be served, but inclusive of the day for which notice is given) specifying the place, the day and the hour
of meeting find, in case of special business, the geneml 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 BnAVO ENERGY (NUVATE) UM1TED



26. /\11 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.

27. 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.

28. If within half an hour from the time appointed for the meeting a quorwn is not present, the meeting, if
called upon the requisition 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 guonun. (

29. The chairman of the board of directors, if any, shall preside as chairman at every general meeting of
the company, but if there is no such chairman, or if at any meeting he is not present within fifteen
minutes after the time appointed for the meeting, or is unwilling to act as chairrnanrany 'one of the
directors present may be elected to be chairman, and if none of the directors is P,}~S:e'ilt,'brwilling to act
as chairman, the members present shall choose one of their number to be chaiUrthn,·;' .. :~. .

The chairman may, with the consent of any meeting at which a quorum il(~~~~;:~.t:'(~I':~:sh,nll' if so
directed by the meeting), adjourn the meeting from time to time but no busin~~~'~h~lt~~:h~ail~~S.te0 at
any adjourned meeting other Ulan the business left unfinished at the m~nrg h'OI11'·,vbkh. .the

,-" . . \ .. ' .
adjournment took place. When a meeting is adjourned for fifteen days or more, ndti~c:.~!J!h~a~.IL<,>~_l'l1hi
meeting shall be given as in the case of an original meeting. Save as aforesaid, it shnlli\()'t-ocile'cessary
to give any notice of an adjournment or of the business to be transacted at an adjourned meeting.

30.

31. (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 (avour of, or against, that resolution.

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

32. A poll may be demanded only in accordance with the provisions of section 143.

33. 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.

34. A poll demanded on the election of chairman or on a question of adjournment shall be taken at once.
SOLIS BRAVO ENE/~CY (PRIVATE) LTMITED
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35. In the case of fin equality of votes, whether on a show of hands or on a poll, the chairman of the meeting
at which the show of hands takes place, or at which the poll is demanded, shall have find exercise a
second or casting vote.

36. Except for the businesses specified under sub-section (2)'of section 134 to be conducted in the annual
general meeting. the members may pass (\ 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

\
37. Subject to any rights or restrictions for the time being attached to flny class or classes of shares, on a

show of hands every member present in person shall have one vote except for election of directors in
which case the provisions of section 159 shall apply. On a poll every member shall have voting rights
as laid down in section 134.

....

38.' In case of joint-holders, the vote of the senior wl~o;(ii;--d'e·i·~~.I~'\'otk/.whether in perspn or by proxy or
through video-link shall be accepted to the excll~I.Q!l''bql~~·.~~o~es:btthe other joint-holders: find for this
purpose seniority shall be determined by th.~r.9fde:~;;-J~r;.W1~~ht~e names stand in the register of
members. .d';: '\\" ';"1,.(, ,,' ...

\\~~~ ,,~:~f;/.::::...../,.: .
39. A member of unsound mind, or in respect of\{.0)~~\:~·it':oi·Clih lias been made by any court having

jurisdiction in lunacy, may vote, whether on shd~:~.f~.l)~n'ds .or on _a poll or through video link, by his
cornrni ttee or other legal guardian, and any such co'rilIriLtie~01: f?iiardian may, on a poll, vote by proxy.

INSTRUMENT OF PROXY

40. On a poll votes may be given either personally 01' 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.

(
41. (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.

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

SOLIS BRAVO ENERGY (PRIVATE) LIMITED
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"I s/o : 1'/0 being <l

member of the SaLlS BRAva ENERGY (PR1VJ\TE) LlM1TED, hereby appoint
......................................... 1'/0 <1S nly proxy to
attend and vote on Illy behalf tit the (statutory, annual, extraordinary, as the case Illay be) general
meeting of the company to be held on the day of.. r 20...... and at
tilly 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 specified in section 154
and they shall hold office until the election of directors in the first annual general meeting., _

45.

," ~, .
{' ~~

I(~':'/" .\ ,
1(1,;.;,- ::" ',; ._.;'":.'.,:';
! " \.: ',.':'..,\I'; ';,:'" .'. :~:,.'.:,. ;.;.

The remuneration of the directors shall from time to time be determined by t1~~:;~·OIllP~i\~j.1~~·~ei~~ral·~;":
" v' . '-,

meeting subject to the provisions of the Act. \.~:~;:.~~g~.::'!.::,.:.:.. ,):: .....
·'~::::~~·~~'~.!.:!2::~\,,\~~~::..~.

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

.-", -

i. IVln. AllOULJ3ASITTOLA

ii. MIL MUHAMMAD AUOULLAH KI-IAWAI{

iii. Mn. FAnMAN AHMED KHAN LOI)I'II

46.

POWERS AND DUTIES Of DIRECTORS

47. The business of the company shall be managed by the directors, who Illay pay all expenses incurred in
promoting and registering the company, and Illay exercise all such powers of the company as are not
by the Act or any statutory modification thereof 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 meeting but no regulation made by the
company in general meeting shall invalidate eUlyprior 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 lime being remaining undischarged of moneys borrowed or raised by the directors
for the purposes of tile company (otherwise than by the issue of share capital) shall not at any time,

SaLlS IJRII vo ENERGY (PJUVII TE) LIMITED
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-without the sanction of the company in general meeting, exceed the issued share capital of the
company,

50, 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 registrntion of the
particulars of mortgages, charges and pledge affecting the property of the compnny 01' 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 summnry 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 d irectors
and notifications of any changes therein,

lVfINUTE BOOKS

51. 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 member present at any general meeting and every director
present at any meeting of directors or Cornmittee of directors shall put his signature in a book to
be kept for that purpose; -: ",. .' '~.~: "'.

(b) recording the names of the persons-present at each ';1;..~~t,iJ1gof the directors and of any committee
of the directors, and the general n-ie,eting;,an'cf' ':"'" -:; '::~<\\ '

. I· ..... \'''; ~" \ .. \r ..~\\ .

(c) all orders made by the directors f':~<;oJ~~.n}I.~t~,~:~t~:tf::~~r~c:\rs:
I , . "', \ ." .I : ••••;~..,., z: I J

Provided that all records related to pl'oce,~q!ng~:ti;l~t)\\~!1'vicl~4flink shall be maintained in accordance
with the relevant regulations specified,tih~)1e C6n1rri{gsio~\~~)ich shall be appropriately rendered into
writing as part of the minute books accoh:tiilg-'Y~J;t~~:~,a~~~.reii.tlations, '

.. -- ..--:.

THE SEAL

52, 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 ClS aforesaid shall sign every instrument to 'which the seal of the company
is so affixed in their presence,

DISQUALIFICATION OF DIRECTORS

53, 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 compnny of which he is
director, but such director shall not vote in respect of any such contract or work, and if he does so vote,
his vote shall not be counted.

SaLlS 13J~AVO ENERGY (PRIVATE) LlM1TED



PROCEEDINGS OF DffiECTORS

54. 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 [I director through email whether such director
is in Pakistan or outside Pakistan shall be [I valid notice.

55. The directors may elect a chairman of their meetings and determine the period [or 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.

56. At least one-third (1/3ro) 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 quorwl1.

57. 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.

<

58. The directors Il1ny delegate any of their powers not required to be exercised ill their meeting to
committees consisting of such member or members of their body as they think fit; <lny committee so
formed shall, in the exercise of the powers so delegated, conform to any restrictions that m<ly be
imposed on them by the directors.

59.

60.

(1) A committee may elect a chairman of its meetings; but, if no such chairman is elected, or if at ,1I1y
meeting the chairman is not present within ten minutes <Iftel' the time appointed f~[ h9.l!=l_ingthe same
or is unwilling to act as chairman, the members present may choose one of the\.r'!l.Wnbef~'to'~~511[1j_nnan
of the meeting. ,'-;:,;./ :(-.,:.':lli <':...... -,

;>{ ..'·:'':·C:::-.'·. \?:',
(2) A committee may meet and adjourn <ISit thinks proper. Questions ari~i!\g afio,iy ~n~'etihg\sh~U be
determined by <Imaj~rit)' of votes of lhe. members present. In case of <Ine~~~!.ity~~.v'~i~.~:'~·~I~~,~i~<lit:?~an
shall have and exercise a second or casting vote. \\~.; ';-;.t;;·;., .;.::;, ;'."':'

\:~;~>,(.,.~rJ.r!:::.;,~:.,j"~~~:~:;"/
All acts done by any meeting of the directors or of a committee of directors, oi··b)l.~"hY;(Re~s.d.n·~ctingas
a director, shall, notwithstanding that it be afterwards discovered that there was 'so'me 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.

(

61. 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.

62. 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.

SOLTS /3RAVO ENfnCY (PRlVATE) LIMITED
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FILLING or VACANcms

63. At the first annual general meeting of the compnny, 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.

64. A retiring director shall be eligible for re-election.

65. 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.

66. 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 he is chosen was last elected as director.

67. The company may remove a director but only in accordance with the provisions of the Act.

DIVIDENDS AND RESERVE

68. The company in general meeting may declare diy.igem!s::b~!t.ro dividend shall exceed the amount
, ..-- ',,' , {'(lil '-.

recommended by the directors. /,:;~~,~\\)U"> !f)..:,/.~·<:.
','4..,J' :.7()\\

;:'J," .,:~:.:...... ..~.::...\,\

69. T~,e directors I~,ay.~rom time to ti.me pay ~~)J~e ~~l~~t~~f:~b~~~~i1i'~\im dividends as appeal' to the
directors to be justified by the profits of the ,~opwaf)y. ;/'.',,-' '\(;!~; ::;..'~.:.:\

\<::)J i::/,:: :.\'.~.£./::'_j:)_/ .~~~I •

70. Any dividend may be paid by a compnny eifl~~i~i~;\:~sJ' ~;·:'1~1Idn~9r'lyout of its profits.
':::\r:,. ':.. :., ..../.} ..i

71. Dividend shall not be paid out of unrealized gain:b)~fnv&tment property credited to profit and loss
account.

72. 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.

73. (1) The directors mny, before recommending nny dividend, set aside out of the profits of the company
such sums as they think proper as a reserve 01' reserves which shall, at the discretion oi the directors,
be applicable for meeting contingencies, or for equalizing dividends, or for any other purpose to which
the profits of the company mny be properly applied, and pending such application mny, 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 mn)" subject to the provisions of the Act, from time to time
think fit.

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

74. If several persons are registered as joint-holders of any share, anyone of them mfly give effectual receipt
for nny dividend payable on the share.

SOLIS BRAVO ENERGY (PRIVATE) UlvIITED



75. (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 compnny shall be paid to its registered shareholders or to their order.
The dividend payable in cash mny be paid by cheque or warrant or in any electronic mode to the
shareholders entitled to tile payment of the dividend, as per their direction.

76. The dividend shall be paid within the period laid down under the Act.

ACCOUNTS

77. The directors shall cause to be kept proper books of account as required under section 220.

78. The books of account shall be kept <Itthe 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.

80.

79. 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 pnpers 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 <IS
conferred by law or authorised by the directors or by the company in general meetil)g;::::-~:.;~:>·~::~':"

-: -; \ \':'_':~""} el.! "~''/'J' -,'
.//('.~,. :<,,'1,1,:111 . r'/."\

The directors shall as required by sections 223 and 226 cause to be prepared ffi~~>p'be ,In!p;,~~~ol:etfl~.....
compffily in general meeting the financial statements duly audited and repol (~<~sw~.e(i'.ete·r~~~:f?o, in .. \
those sections. q .~, ~>'::i::/ '.;. ~. :' ".

\\.~ ;":').:.":.- ' ..
The financial statements and other reports referred to ill regulation 81 shall be I''r):~~,eoutinevery year
and laid before the company in the annual general meeting ill accordance with sect.FGil:s:t,3·2'tm'tl223.

. " . - .. ~. ;;1 .' ~. .

81.

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

NOTICES

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

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

85. (1) A notice may be given by the company to ffil)' member to his registered address or if he has no
registered address in Pakistan to the address, if nllY, supplied by him to the compally 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.

SOLlS BRAVO ENE/<CY(PRIVATE) LIMITED
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(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, 01'

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 conse<]uence 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 meetings.

WINDING UP

89. (1) In the case of members' voluntary win_c:li!~g~~IP.(.:~it1~..the sanction of a special resolution of the
company, and, in the case of creditors't-.v.q}lt'htarY '~.::j'ilqfrlg..up, of a meeting of the creditors, the

/ / ,,\.' . ,.( ',~

liquidator shall exercise any of the P9}.\,ei:s giyeft'·by ..sl1Q"s>·ction (1) of section 337 of the Act to a
liquidator in a winding up by the cOLlt~;i;lclu.~·(~·g;I.;}t~!,~~I(:l:~f\.'·i~!eamongst the members, in specie or
kind, the whole or any part of the ass~\tp'~IN'li::c~ihii~~~t~\~i;'e~li~rthey consist of property of the same
kind t . I;.J .. , • ". ',. • '" "cine orno. \.\~ .;..>.•.• : ..: '~ ..'_ ..• Ir ", ~ '::.

\'<,~.::.\ :~~\: " ~~):',:',r·:-.:' -::

(2) For the purpose aforesaid, the li<]Llid~to(·~.ny set suc1);v~Iu'e as he deems fair upon any property to
be divided as aforesaid and may determine"118~\r:sl;cl;' 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 01' 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
shareholders, 01' 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 before taking
recourse to formal dispute resolution such as arbitration or litigation.

INDEMNITY

SOLIS BRA VO ENERGY (PRIVATE) LIMITED



91. Every officer or "gent for the time being of the compffily 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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E N E R G Y   S O L U T I O N S

Accessible, A�ordable Solar Energy



................
........'

01

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!



03

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.

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

OPTION A
Direct Consumer Financing through Bank*

Flexible Tenure
Minimum Up Front Down Payment 
Affordable Monthly Rentals

OPTION B
Leasing of Equipment*

* Subject to approval

Financial Support Model
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INDUSTRIAL/COMMERCIAL SYSTEMS

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 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.

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.

Our O�erings
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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.

ON-GRID SOLAR SYSTEM

Solar Panels

Home/Office/Factory

Grid

Inverter

AC Combiner

Sell Meter

DC

AC AC

AC

AC
Extra Power Sold

Types of Solutions
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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.

HYBRID SOLAR SYSTEM

Solar Panels

Battery

Grid

Inverter
Load

Discharging

Charging

Solar Power Input

Feed-in to grid

Utility Power Input



Solis takes these ahead with its own mission of delivering sustainable,

affordable solar power, we aspire to;

Be customer oriented and prioritize customer satisfaction as our

number one KPI.

Contribute to a Clean and Renewable Energy Society through PV

technology.

Be innovative and constantly improve the business value as well as

environmental value of our offerings.

07

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.

OFF-GRID SOLAR SYSTEM

Solar Panels
Inverter

Battery

Home/Office/Factory
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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.

1

We Exercise Due Diligence to
determine your Needs!

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. 

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

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.

3

Assured Commitment to Quality and
Dedicated Customer Support

2

Our Process



CONTACT US
For more details of our products and offerings feel free 
to get in touch with us at one of our two offices

www.solis-energy.com

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

QUETTA
Solis Energy Solutions Pvt. 
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PROJECT BRIEF AND PURPOSE OF THE 

PROJECT 
 

 

POWER SELLER – SOLIS BRAVO ENERGY PRIVATE LIMITED 

Solis Bravo Energy Pvt Ltd, a company registered and existing under the laws of Pakistan 

having its registered office at 3
rd

 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 4 MWp aggregate to be installed at the following locations. 

DISCO Location Plant size District Province 

 

LESCO 

Lahore Cantonment  1 MWp  Lahore Punjab  Punjab 

Okara Cantonment  3 MWp  Okara  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 4 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. 
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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 Bravo 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 Bravo 

Energy. 

 

TECHNOLOGY  

 
 Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, 

control and synchronizing with Grid. 

 Solar based Power Generation System, civil structures and Auxiliaries 

 400 V LV cable for inverter output. 11 KV MV cable used for interconnection with 

existing VCB and control wires. 

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

 Grid-Tie smart inverter with all necessary protections. 

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

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

 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 

Lahore 

 
1 MW Lahore Cantt 31.55

0
N, 74.43

0
E 

Okara 

 
3 MW 209 KM from Multan, 

Punjab. 

30.75
0
N, 73.36

0
E 
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Lahore 

 
1 MWp Solar PV On-Grid system is to be installed at the allocated space in Lahore Cantt. 

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: LAHORE CITY TO SITE  
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Okara 
 

3 MWp Solar PV On-Grid system is to be installed at the allocated space in cantonment area 

of Okara. 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: MULTAN TO SITE  
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TECHNOLOGY USED 
 

S.No. Parameters  

1 Technology Grid Tie, Solar PV Power Plant  

2 System Size 4 MWp 

3 Solar Modules Polycrystalline Solar PV Module 

4 Inverter On-Grid String Inverter, SMA  

 

 

BLOCK DIAGRAM 
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CONCEPTUAL DESIGN 
 

 
 

 

 

 

 

 



 

 

 

3(5)(g)(a) Type, Technology, 

Model, Technical Details and 

Design 
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TYPE, TECHNOLOGY, MODEL, TECHNICAL 

DETAILS AND DESIGN OF FACILITY 

 

DESIGN DETAILS – LAHORE CANTT – 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 1.119 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 

Lahore Cantt – 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  

Lahore Cantt – 1 MW 

1 Capacity Utilization Factor 16.71% 

2 Energy Generation Units 1.47 Million kWh 
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DESIGN DETAILS – OKARA CANTT – 3 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 1.112 for inverters has been considered.  

 Maximum AC output of the system is assumed to be 2.7 MVA 

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

BILL OF MATERIALS  

S.No. Items Description Quantity 

Okara – 3 MW 

1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured 9100 

2 Inverters Grid-Tie Solar Inverters 150 kVA 3 phase 18 

 

ENERGY GENERATION 

S.No. Efficiency Parameters  

Okara – 3 MW 

1 Capacity Utilization Factor 16.80% 

2 Energy Generation Units 4.42 Million kWh 

 

TECHNOLOGY USED 

 

S.No. Parameters  

1.  Technology Grid Tie, Solar PV Power Plant  

2.  System Size - Lahore  1 MWp 

3.  System Size - Okara 3 MWp 

4.  Total System Size 4 MWp 

5.  Solar Modules Polycrystalline Solar PV Module 

6.  Inverter On-Grid String Inverter, SMA  
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BLOCK DIAGRAM 
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CONCEPTUAL DESIGN 
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SITE LAYOUTS 
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SINGLE LINE DIAGRAM 
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ANNEXURE -15 

 

 

3(5)(h) Feasibility Report 

 

 

 

 

 

 

 



 
 

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

3
rd

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

  Clifton Karachi-Pakistan 

 

 
 

FEASIBILITY REPORT 
LAHORE CANTT 1 MWp SOLAR PV PLANT 

 
Introduction 
This report has the objective to assess the feasibility of this project and is structured as 
follows: 

 Introduction to Solar 

 Solar Potential in Pakistan 

 Project Overview 

 Site Overview 

 Conceptual Design 

 Environmental Benefits 

 Socio Economic Benefits 

 Technical Summary 

Executive Summary 
1 MWp Solar PV On-Grid system is to be installed at the allocated space in Lahore Cantt. 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 
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 Lahore which will get synchronize with the 
conventional 11 KV Grid already present at the site. The site is located at Lahore Cantt 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 

Lahore Cantt 1 MW Lahore Cantt 31.550N, 74.430E 

 
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 Bravo 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 Bravo Energy. 
 

Technology 
 Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control 

and synchronizing with Grid.  

 Solar based Power Generation System, civil structures and Auxiliaries 

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

wires for the necessary communication and control system. 

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

 150 kVA Grid-Tie smart inverter with all necessary protections. 
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 DC Combiner Box having 20 inputs with complete DC protections. 

 Kiosk station containing LV cabinet (comprising of Energy Analyzer, AC Breakers and 

complete protections), Step-up Transformer (0.6/11kV) and Auxiliary Transformer.  

 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 3.5 acres and is located at Lahore Cantt. The 
Geographical coordinates of the site are 31.550N and 74.430E.  

 
ROUTE MAP: LAHORE CITY TO SITE  

 

 
 
Climate and Weather in Lahore 
The average temperature in Lahore is 38 0C. In a year, the average rainfall is 152 mm/year.  
The graph below shows the average climate and weather of Karachi.  
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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 
 

 Malir Cantt Site 

Jan 89.2 

Feb 110.8 

Mar 153.2 

Apr 167.0 

May 189.4 

Jun 190.5 

Jul 170.7 

Aug 171.3 
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Sep 163.3 

Oct 129.7 

Nov 96.4 

Dec 85.6 

Total 1717.0 

 

 
 
 
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. 

 Periodic and corrective maintenance of transformers and its related equipment.  
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Feasibility & Financing 
The project at Lahore Cantt up to 1 MW will cost approximately PKR 90,535,795. 
 

Lahore Cantt up to 1 MW 

Project Cost PKR 

EPC 89,512,135 

Insurance During Construction 129,357 

CAPEX 89,641,492 

Financing Fee 181,071 

Interest During Construction 713,232 

PROJECT COST 90,535,796 
  

Equity 18,107,275 

Debt 72,428,521 

 
 
 
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 11 KV and it will be synchronized on 
the same voltage level.  
 
Power Factor & Frequency 
Lahore Cantt 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. 
 
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. 

 DC current reverse connection protection 

 AC short circuit protection 

 Leakage current protection 

 Grid monitoring  

 DC fuse and over current protection 

 Anti-PID function 

 Overvoltage protection 
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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 1.119 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 

Lahore Cantt – 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  

Lahore Cantt – 1 MW 

1 Capacity Utilization Factor 16.71% 

2 Energy Generation Units 1.47 Million kWh 
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FEASIBILITY REPORT 
OKARA 3 MWp SOLAR PV PLANT 

 
Introduction 
This report has the objective to assess the feasibility of this project and is structured as 
follows: 

 Introduction to Solar 

 Solar Potential in Pakistan 

 Project Overview 

 Site Overview 

 Conceptual Design 

 Environmental Benefits 

 Socio Economic Benefits 

 Technical Summary 

Executive Summary 
3 MWp Solar PV On-Grid system is to be installed at the allocated space in cantonment area 
of Okara. 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 
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. 3 MWp 
Solar PV Plant has been designed for Okara which will get synchronize with the conventional 
11 KV Grid already present at the site. The site is located at Okara Cantonment area 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 

Okara Cantt 3 MW 209 KM from Multan, 
Punjab. 

30.750N, 73.360E 

 
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 Bravo 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 Bravo Energy.  
 

Technology 
 Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control 

and synchronizing with Grid.  

 Solar based Power Generation System, civil structures and Auxiliaries 

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

wires for the necessary communication and control system. 

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

 150 kVA Grid-Tie smart inverter with all necessary protections. 
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 DC Combiner Box having 20 inputs with complete DC protections. 

 Kiosk station containing LV cabinet (comprising of Energy Analyzer, AC Breakers and 

complete protections), Step-up Transformer (0.6/11kV) and Auxiliary Transformer.  

 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 15 acres and is located 209 km from Multan. The 
Geographical coordinates of the site are 30.750N and 73.360E. The area can be approached 
by Road using National Highway or GT Road. 

 
ROUTE MAP: MULTAN TO SITE  

 

 
 
Climate and Weather in Okara 
The average temperature in Okara is 24.5 0C. In a year, the average rainfall is 296 mm/year.  
The graph below shows the average climate and weather of Okara.  
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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 
 

 Okara Site 

Jan 92.2 

Feb 109.2 

Mar 150.7 

Apr 170.1 

May 191.1 

Jun 187.2 

Jul 177.3 

Aug 172.2 

Sep 160.7 

Oct 135.7 

Nov 106.7 

Dec 89.4 

Total 1742.5 
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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. 

 Periodic and corrective maintenance of transformers and its related equipment.  
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Feasibility & Financing 
The project at Okara Cantt up to 3 MW will cost approximately PKR 271,607,387. 
 

Okara Cantt up to 3 MW 

Project Cost PKR 

EPC 268,536,405 

Insurance During Construction 388,072 

CAPEX 268,924,477 

Financing Fee 543,214 

Interest During Construction 2,139,696 

PROJECT COST 271,607,387 
  

Equity 54,321,825 

Debt 217,285,562 

 

 
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 11 KV and it will be synchronized on 
the same voltage level.  
 
Power Factor & Frequency 
Okara 3 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. 
 
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. 

 DC current reverse connection protection 

 AC short circuit protection 

 Leakage current protection 

 Grid monitoring  

 DC fuse and over current protection 

 Anti-PID function 

 Overvoltage protection 
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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 1.112 for inverters has been considered.  

 Maximum AC output of the system is assumed to be 2.7 MVA 

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

BILL OF MATERIALS  

S.No. Items Description Quantity 

Okara – 3 MW 

1 PV Modules 330 Wp, Polycrystalline, Tier 1 Manufactured 9100 

2 Inverters Grid-Tie Solar Inverters 150 kVA 3 phase 18 

 
 
ENERGY GENERATION 

S.No. Efficiency Parameters  

Okara – 3 MW 

1 Capacity Utilization Factor 16.80% 

2 Energy Generation Units 4.42 Million kWh 
 



 

 

 

3(5)(i) Prospectus 
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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 

Lahore 

 
1 MW Lahore Cantt 31.550N, 74.430E 

Okara 

 
3 MW 209 KM from Multan, 

Punjab. 
30.750N, 73.360E 

Bahawalpur 1 1 MW Bahawalpur Cantt 29.360N, 71.660E 

Bahawalpur 2 1 MW Bahawalpur Cantt 29.360N, 71.690E 

Bahawalpur 3 1 MW Bahawalpur Cantt 29.350N, 71.750E 

 

Lahore 

1 MWp Solar PV On-Grid system is to be installed at the allocated space in Lahore Cantt. 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 Bravo Energy (Pvt.) Ltd  T +92(21)3529 4301-6  www.solis-energy.com 

3
rd

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

  Clifton Karachi-Pakistan 

 

 

 

 

ROUTE MAP: LAHORE CITY TO SITE 

 

 

Okara 

3 MWp Solar PV On-Grid system is to be installed at the allocated space in cantonment area 

of Okara. 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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ROUTE MAP: MULTAN TO SITE  

 

 

Bahawalpur 1 

1 MWp Solar PV On-Grid system is to be installed at the allocated space in Bahawalpur 

Cantt. 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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ROUTE MAP: BAHAWALPUR CITY TO SITE  

 

 

Bahawalpur 2 

1 MWp Solar PV On-Grid system is to be installed at the allocated space in Bahawalpur 

Cantt. 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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ROUTE MAP: BAHAWALPUR CITY TO SITE  

 

Bahawalpur 3 

1 MWp Solar PV On-Grid system is to be installed at the allocated space in Bahawalpur 

Cantt. 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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ROUTE MAP: BAHAWALPUR CITY TO SITE  

 

 

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.  
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Solis Bravo 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 Bravo Energy. 

Technology 

 Solar PV Grid tie system with all necessary protection, instrumentation, monitoring, control 

and synchronizing with Grid. 

 Solar based Power Generation System, civil structures and Auxiliaries 

 400 V LV cable for inverter output. 11 KV MV cable used for interconnection with existing 

VCB and control wires. 

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

 Grid-Tie smart inverter with all necessary protections. 

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

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

 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 

Lahore 

 
1 MW Lahore Cantt 31.550N, 74.430E 

Okara 

 
3 MW 209 KM from Multan, 

Punjab. 
30.750N, 73.360E 

Bahawalpur 1 1 MW Bahawalpur Cantt 29.360N, 71.660E 

Bahawalpur 2 1 MW Bahawalpur Cantt 29.360N, 71.690E 

Bahawalpur 3 1 MW Bahawalpur Cantt 29.350N, 71.750E 
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Lahore 

Site for the project covers an area of 3.5 acres and is located at Lahore Cantt. The 

Geographical coordinates of the site are 31.550N and 74.430E.  

 

 

ROUTE MAP: LAHORE CITY TO SITE 

 

 

Okara 

Site for the project covers an area of 15 acres and is located 209 km from Multan. The 

Geographical coordinates of the site are 30.750N and 73.360E. The area can be approached 

by Road using National Highway or GT Road. 
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ROUTE MAP: MULTAN TO SITE  

 

Bahawalpur 1 

Site for the project covers an area of 4.5 acres and is located at Bahawalpur Cantt. The 

Geographical coordinates of the site are 29.360N and 71.660E.  

                                            ROUTE MAP: BAHAWALPUR CITY TO SITE  
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Bahawalpur 2 

Site for the project covers an area of 3.5 acres and is located at Bahawalpur Cantt. The 

Geographical coordinates of the site are 29.360N and 71.690E.  

 

ROUTE MAP: BAHAWALPUR CITY TO SITE  
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Bahawalpur 3 

Site for the project covers an area of 5 acres and is located at Bahawalpur Cantt. The 

Geographical coordinates of the site are 29.350N and 71.750E.  

 

ROUTE MAP: BAHAWALPUR 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. 

 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. 

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.  

 

 

 

 

 

 

 

 

 



 

 

ANNEXURE – 16 
 
 
 
 

SCHEDULE- Ill 
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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 

Lahore 

 
1 MW Lahore Cantt 31.550N, 74.430E 

Okara 

 
3 MW 209 KM from Multan, 

Punjab. 
30.750N, 73.360E 

 
Lahore 
1 MWp Solar PV On-Grid system is to be installed at the allocated space in Lahore Cantt. 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: LAHORE CITY TO SITE 
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Okara 
3 MWp Solar PV On-Grid system is to be installed at the allocated space in cantonment area 
of Okara. 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: MULTAN TO SITE  
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SITE LAYOUTS 
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Interconnection with National 
Grid 

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

 
 Lahore 

1 MWp Solar PV On-Grid system is to be installed at the allocated space in Lahore Cantt. 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: LAHORE CITY TO SITE  
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Okara 
3 MWp Solar PV On-Grid system is to be installed at the allocated space in cantonment area 
of Okara. 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: MULTAN TO SITE  
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Project cost, information 
regarding sources and 
amounts of equity, debt. 
 
Feasibility & Financing: 
 

The project at Lahore Cantt up to 1 MW will cost approximately PKR 90,535,795. 

Lahore Cantt up to 1 MW 

Project Cost PKR 

EPC 89,512,135 

Insurance During Construction 129,357 

CAPEX 89,641,492 

Financing Fee 181,071 

Interest During Construction 713,232 

PROJECT COST 90,535,796 
  

Equity 18,107,275 

Debt 72,428,521 

 

The project at Okara Cantt up to 3 MW will cost approximately PKR 271,607,387. 

Okara Cantt up to 3 MW 

Project Cost PKR 

EPC 268,536,405 

Insurance During Construction 388,072 

CAPEX 268,924,477 

Financing Fee 543,214 

Interest During Construction 2,139,696 

PROJECT COST 271,607,387 
  

Equity 54,321,825 

Debt 217,285,562 
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The total project will cost approximately PKR 362,143,183. 

Project Cost PKR 

EPC 358,048,540 

Insurance During Construction 517,429 

CAPEX 358,565,969 

Financing Fee 724,285 

Interest During Construction 2,852,928 

TOTAL PROJECT COST 362,143,183 
  

Equity 72,429,100 

Debt 289,714,083 
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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 26th 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 
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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 1.0 MW in Lahore Cantt. Around 3080 polycrystalline (Tier 1 

Manufactured) PV panels will be installed with power rated of 330 Wp and the capacity factor is 

approximately 16.66%. 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 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 1 MW Solar PV Plant has been designed 

for Lahore which will get synchronize with the conventional 11 KV Grid already present at the 

site. The site is located at Lahore Cantt in the province of Punjab. 

 

 

1.2 Description of the Project 
 
The project company will be installed 1.0 MW of Solar PV plant in Lahore Cantt to produce 

electricity. The total area of the project is around 3.23 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 Lahore Cantt.  

 

1.3 Project Location 
 
The proposed project site lies between 31°32'54.94"N and 74°25'59.76"E and location in Lahore 

Cantt, Lahore-Punjab. It is around 12.5 kilometers away from Lahore City. The land area of 

project site is 3.23 acres located near Lahore Ring Road. The project land is owned by the 

project company for the installation of 1.0 MW Solar PV plant. The location of site can be 

viewed in Figure 1.1 and overview of the project site is shown in Figure 1.2. 



 

 

 

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 8-10 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. The Lahore-Islamabad motorway (M2) 

and N-5 G.T Road AH-1 are the major connecting roads to the Project site, and also the Lahore 

Ring Road is connected to the project site. The total distance from Lahore to the project site 

through Amjad Chaudry road towards Ring Road is approximately 12.8km and from Canal Bank 

Road is around 17.9km to the project site as shown in Figure 2.2. 
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Figure 2.2: Orientation of Project Site from Lahore 

 

 

Figure 2.3: Orientation of Project Site from Lahore (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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

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  

Lahore lies between 31°15′—31°45′ N and 74°01′—74°39′ E, the second largest city 

of Pakistan and the capital of Punjab province. It lies 811 miles (1,305 km) northeast 

of Karachi in the upper Indus plain on the Ravi River, a tributary of the Indus. Lahore is bounded 

on the north and west by the Sheikhupura District, on the east by Wagah, and on the south 

by Kasur District. The Ravi River flows on the northern side of Lahore. Lahore city covers a total 

land area of 404 square kilometres (156 sq mi). at 213.97 meters (702 ft) above sea level.  

Lahore is generally flat and slopes towards south and south-west at an average gradient of 

1:3000. It can be divided into two parts i.e. the low-lying area along River Ravi and the 

comparatively upland area in the east away from Ravi. The low lands are generally inundated by 

the river water during monsoon floods. River Ravi flows in the west of Lahore District forming a 

boundary with Sheikhupura District. Lahore city lies on the alluvial plain soil called Bari Doab. 

Doab is a local word for area between rivers. Bari Doab is a part of the Indo-Gangatic alluvial 

plain formed by the Indus river and its tributaries. It is bounded by Ravi and Chanab rivers in the 

northwest and west and by Sutlej river in the southeast. Northeastern boundaries of Doab lie 

near the foothills of the Himalayan Ranges. Lahore city is situated at an average elevation of 

210 meters above mean sea level. The alluvial subsoils are of late Pleistocene and were formed 

by the flood plains of river Ravi. These consist of clay, silt and sand. The thickness of clay 

increases with distance from the river bed. Topographic map of Lahore derived from satellite 

mapping is shown in Figure 3.1. 

 

https://www.britannica.com/place/Pakistan
https://www.britannica.com/place/Punjab-province-Pakistan
https://www.britannica.com/place/Karachi
https://www.britannica.com/place/Ravi-River
https://www.britannica.com/place/Indus-River
https://en.wikipedia.org/wiki/Sheikhupura_District
https://en.wikipedia.org/wiki/Wagah
https://en.wikipedia.org/wiki/Kasur_District
https://en.wikipedia.org/wiki/Ravi_River
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Figure 3.1: Topographic Map of Project Area 

 

3.2 Climatic Conditions  
 

3.2.1  Temperature & Rainfall 

Lahore has a semi-arid climate, with extremely hot summers and cool winters. There is a 

monsoon season between July and September. Lahore’s spring season is between February and 

April, and this is generally considered a very pleasant time. The flowers are in bloom, yet the 

temperatures are bearable. Daily highs in February begin at a pleasant 22°C, with overnight 

temperatures of 9°C being a little on the chilly side. The city warms up very quickly, however, 

and by the end of April daily highs are averaging 34°C with nights already a sultry 20°C. There’s 

very little rainfall during the spring months. The summer season lasts from the month of May to 

October for almost six months, while the weather is pleasant and cold from November to 

February. May and June are the hottest months. The monsoon rains hit Lahore in July, August 

and September, with July being the wettest month. The temperatures are still very high, 



 

 

averaging 37°C during the day and 27°C at night, so the rains come as some relief from the 

burning heat. October and November are the autumn months in Lahore, and this is a popular 

season for tourists. The heat dissipates a little, with average daily highs of around 30°C and the 

nights are considerably cooler, reaching as low as 12°C by the end of November. In winters, 

average daily highs are in the region of 22°C in December, January and February, and nights can 

feel cold at around 6°C. It can be very foggy - and the fog can linger for days or even weeks at a 

time. The highest rainfall records only in June is about 58.76 millimetres, which is highly 

seasonal since approximately half of the yearly rainfall takes place also in July and August 

during the monsoon season. 

Lahore 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 Lahore District in 2018 

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

Average 

Temperature(˚C) 

11.4 15.7 

 

21.5 26.7 32.3 32.1 30.9 30.3 28.1 24.7 17.9 13.3 
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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 Lahore District in 2018 

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

Average 

Precipation 

(mm) 

0.96 11.26 7.01 10.41 16.24 58.76 30.97 12.32 7.73 1.2 1 10.9 

Days  1 2 4 10 6 8 8 6 4 2 2 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 3.4: Maximum Temperature Regime Map of Pakistan 

 

 

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. 

The average hourly wind speed in Lahore experiences mild seasonal variation over the course of 

the year. Westerly breeze dominates the afternoons, while the nights are calm. South east / 

easterly winds are common here during the monsoon season. Lahore, being in the plains, can 

experience severe thunderstorms and high wind gusts that can be damaging to its crops.  

Wind in Lahore is usually calm. The windiest month is June, followed by May and July. June’s 

average wind speed of around 3.11m/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 

late June where average top sustained speeds reach 3.11m/s. The average wind speed on 

yearly basis are given below in Figure 3.7. 

 
 



Average Wind Speed (m/s) in Lahore

~
::::Jc..
VI

"C
I'D
I'Dc..
'3.......
~

Months

 

 

 

Figure 3.7: Graphical representation of average wind speed in Lahore 

 

3.2.3 Relative Humidity 

Lahore experiences extreme seasonal variation in the perceived humidity. Lahore is semi-arid 

region; the humidity is high. Lahore has some humid months, and dry months in the opposite 

season. The least humid month is April & May and the most humid month is August (71.6%). 

Average annual humidity is given in Figure 3.8. 
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Figure 3.8: Graphical representation of average relative humidity in Lahore 

 
 

3.3 Hydrology  
 
Good quality potable water is a fundamental requirement for human health and survival. Due 

to fast growth of population, poor town planning and industrialization causing problems in 

supplying public services, water being one of the most affected. It is becoming difficult for local 

authorities dealing with water supply to cope with the increasing demands. Lahore is the 

second largest city of Pakistan. Its population is increasing at a rapid rate of 3.7 percent per 

year. In 1901 the population of Lahore was 0.203 million which by 1990 increased to about 

4.232 in the Municipal Area (excluding some localities like GOR, Railways, Model Town, colonies 

in the suburbs etc). At present its population is more than 5.1 million. Water supply of Lahore 

City has been based on the abstraction of groundwater. Fast growth of population, progressive 

migration of people to the area and establishment of numerous industries has resulted in rapid 

increase in water demand. The number of wells and hence, the groundwater abstraction has 

been increasing in accordance with the growth of population and socio-economic uplift of 

urban dwellers. On the other hand, urbanization and industrialization has reduced the 

recharge, as significant proportion of the land has become impermeable. With the increasing 

number of tube wells, the groundwater, which used to exist at about 4.5 m started declining 

rapidly. At present, the water table in the central area of the city has deepened to 28 m from 



 

 

the surface level. Due to the continued decline in water table, the groundwater is going out of 

easy reach for exploitation and the cost of pumping is continuously rising. 

 

Lahore area is underlain by unconsolidated alluvial deposits of quaternary age. The aquifer is 

composed of unconsolidated alluvial complex formed by the contemporaneous filling of a 

subsiding trough - a foredeep adjacent to the rising Himalayan ranges. Contemporaneous filling 

and subsidence have given rise to an extensive sedimentary complex of more than 400 meters 

thickness. The sediments have been deposited by the present and ancestral tributaries of the 

Indus River during Pleistocene-Recent periods. In accordance with its mode of deposition by 

large streams in constantly shifting channels, the alluvial complex is heterogeneous and 

individual strata have little lateral or vertical continuity. However, in spite of their 

heterogeneity, the alluvial sediments constitute a large aquifer, which on regional basis 

behaves as a homogeneous aquifer. The individual lenses of silt and clay do not impede the 

flow of groundwater, considering long-term pumping 

 

The source of water supply for Lahore is only groundwater. Groundwater is abstracted through 

300 large capacity tube wells installed at various locations in the Lahore Municipal Area. There 

are four main well centers, three near the Bund Road (Old Ravi Well Center, National Ravi Park 

Well Center, Bhogiwal Well Center), and the fourth located at Bund Road to the North of 

Shalimar Garden. The remaining wells are located throughout the city area, and all wells pump 

directly to the system, thus eliminating the need for a reservoir. Some more tube wells are 

being installed to meet maximum day demand. In addition, numerous private owned shallow 

pumps also exist. The water obtained from deep boreholes is fortunately of good quality. It 

does not require primary treatment. However, often secondary treatment i.e. chlorination is 

provided especially in the rainy season. The water produced through these tube wells is fed into 

Main Grid with pipes having diameters from 40 to 80 cm. The Main Grid feeds water to 

distribution system with pipes which have diameters ranging from 7.5 to 30 cm. The 

distribution system supplies the water to citizens through house connections. Presently no 

elevated reservoir is in use except the one million-gallon overhead reservoir at Langey Mandi. 

The reservoirs are used in new developing schemes where water demand is less and reservoir is 

filled once to meet the day demand. 

 
 

3.4 Seismic Hazards 
 
According to Seismic Zoning map of Pakistan, Project area falls in Zone 2A which is minor to 

moderate damage area. There is no earthquake recorded in the history of region above Richter 
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scale 4.5. Also, no damage to the infrastructure and human settlement is reported in the area. 

Map is shown in Figure 3.9. 

 
 

 

Figure 3.9: Seismic Map of Pakistan 

 

3.5 Socio-Economic Conditions  
 
Lahore is the capital of the Pakistani province of Punjab. Lahore is the country's second-most 

populous city after Karachi and is one of Pakistan's wealthiest cities, with an estimated GDP of 

$58.14 billion (PPP) as of 2015.  

https://en.wikipedia.org/wiki/Pakistan
https://en.wikipedia.org/wiki/Punjab,_Pakistan
https://en.wikipedia.org/wiki/Karachi
https://en.wikipedia.org/wiki/Purchasing_power_parity


 

 

Lahore is the largest city, and historic cultural center of the Punjab region, and one of Pakistan's 

most socially liberal, progressive, and cosmopolitan cities. Lahore exerts a strong cultural 

influence over Pakistan. Lahore is a major center for Pakistan's publishing industry, and remains 

the foremost center of Pakistan's literary scene. The city is also a major center of education in 

Pakistan, with some of Pakistan's leading universities based in the city. Lahore is also home to 

Pakistan's film industry.  

The city also hosts much of Pakistan's tourist industry, with major attractions including 

the Walled City, the famous Badshahi and Wazir Khan mosques and Sikh shrines. Lahore is also 

home to the Lahore Fort and Shalimar Gardens, both of which are UNESCO World Heritage 

Sites. The results of the 2017 Census determined the population to be at 11,126,285, with an 

annual growth rate of 4.07% since 1998. Gender-wise, 52.35% of the population is male, while 

47.64% is female, and transgender people make only 0.01% of the population. Lahore is a 

young city with over 40% of its inhabitants below the age of 15. The average life expectancy 

stands at less than 60 years of age. 

 
 

3.6 Ecology 
 
The main crops are wheat, cotton, rice, sugarcane, maize, oilseeds, pulses, fruits, vegetables, 

spices, fodders and a large range of other crops. The dominant tree species are Eucalyptus, 

Poplar, Weeping Willow, Jaman and Mango. The wildlife of the district includes foxes, boars, 

jackals and wild cats. Among the birds, there are usually Yellow-footed Green Pigeon, Grey 

Hornbill, Little-brown Dove, Ring Dove, Rose-ringed Parakeet, Alexandrine Parakeet and Little-

green bee eater. When the Solar PV panels will be installed on the ground mounted structure 

there is no or minor Flora and Fauna is going to be disturbed due to execution of this project.  

 
 
 

https://en.wikipedia.org/wiki/Punjab_region
https://en.wikipedia.org/wiki/Social_liberalism
https://en.wikipedia.org/wiki/Progressivism
https://en.wikipedia.org/wiki/Cosmopolitanism
https://en.wikipedia.org/wiki/Tourism_in_Pakistan
https://en.wikipedia.org/wiki/Walled_City_of_Lahore
https://en.wikipedia.org/wiki/Badshahi_Mosque
https://en.wikipedia.org/wiki/Wazir_Khan_Mosque
https://en.wikipedia.org/wiki/Sikh
https://en.wikipedia.org/wiki/Lahore_Fort
https://en.wikipedia.org/wiki/Shalimar_Gardens,_Lahore
https://en.wikipedia.org/wiki/UNESCO
https://en.wikipedia.org/wiki/World_Heritage_Site
https://en.wikipedia.org/wiki/World_Heritage_Site
https://en.wikipedia.org/wiki/2017_Census_of_Pakistan
https://en.wikipedia.org/wiki/1998_Pakistan_Census


 

 

 

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. 

 

4.1 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 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 excavation to fix the structure and the project site is 

already developed in premises of Cantt area. There is no impact on the Ground water.  

 

Ground water due to plant operation 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 one 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 3.23 acres. At the Project site, 

there has been an absence of the following since the past few decades: 

 

• Any agricultural activity on the land  

• 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 site is already developed land 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; 

 



 

 

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

updated.  

❖ 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 

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. 

The main purpose of Environmental Monitoring Plan is to provide a detailed summary of the 

predicted impacts associated, mitigating measures and monitoring actions so as to minimize 

potential negative impacts and enhance positive impacts from the Project. 

 
 

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 5 KM Radius 



 

 

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. 
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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 3.0 MW in Okara. Around 9128 polycrystalline (Tier 1 

Manufactured) PV panels will be installed with power rated of 330 Wp and the capacity factor is 

approximately 16.68%. the total energy generation will around 4.4 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 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 3.0 MW Solar PV Plant has been designed 

for Okara Cantt which will get synchronize with the conventional 11 KV Grid already present at 

the site. The site is located at Okara in the province of Punjab. 

 

 

1.2 Description of the Project 
 
The project company will be installed 3.0 MW of Solar PV plant in Okara to produce electricity. 

The total area of the project is around 10.09 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 Okara.  

 
 

1.3 Project Location 
 
The proposed project site lies between 30°45'17.59"N and 73°21'22.19"E and located in Okara, 

Punjab. It is around 11.4 kilometers away from Okara City. The land area of project site is 10.09 

acres located near Runway Road, Okara Cantt. The project land is owned by the project 

company for the installation of 3.0 MW Solar PV plant. The location of site can be viewed in 

Figure 1.1 and overview of the project site is shown in Figure 1.2. 



 

 

 

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. The Lahore-Abdul Hakeem Motorway 

(M-3) and N-5 G.T Road (Multan Road) AH-2 are the major connecting roads to the Project site, 

and also the Runway Road (Okara Cantt) is connected to the project site. The total distance 

from Lahore to the project site through N-5 towards Runway Road is approximately 145 kms 

and from Multan to project site is around 209km to the project site as shown in Figure 2.2. 
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Figure 2.2: Orientation of Project Site from Okara 
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Figure 2.3: Orientation of Project Site from Okara (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. 

 
 
 
 
 
 
 
 

 



 

 

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  

Okara lies between 30°48'32.68"N and 73°27'2.71"E. Okara District is a district of Punjab, 

Pakistan. It is located on Multan Road some 110km from Lahore. The city is located southwest 

of the city of Lahore 110km and Faisalabad is 100 km by passing away Ravi River. It is known for 

its agriculture-based economy and cotton mills. The nearest major city to Okara is Sahiwal, 

formerly known as Montgomery. Okara District lies on Radcliffe line/Indo-Pakistani border, 

therefore its geographic importance for defense is high. 

Okara is a relatively new agricultural city developed by the British at the former site of the 

Okaan Jungle. Like other intermediate cities in Punjab, Okara is expanding in a haphazard 

manner with the absence of a master plan. On the Northern and Western sides of Okara, the 

Lower Bari Doab Canal presents a natural barrier to the physical growth of the City. As such, 

most of the recent developments are occurring toward the South. Okara city is a plain with a 

minor slope. The shallow sub soil water of the town is brackish and unfit for human 

consumption. 

Okara city is situated at an average elevation of 182 meters above mean sea level. These consist 

of clay, silt and sand. The thickness of clay increases with distance from the river bed. 

Topographic map of Okara derived from satellite mapping through GIS software is shown in 

Figure 3.1. 
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https://en.wikipedia.org/wiki/Radcliffe_line
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Figure 3.1: Topographic Map of Project Area 

 

3.2 Climatic Conditions  
 

3.2.1  Temperature & Rainfall 

Okara is considered to have a desert climate, with very hot summers and cool winters. There is 

a monsoon season between June, July and August. The average temperature in Okara is 24.5 °C. 

The climate of Okara is hot in summer and comparatively cold in winter. May and June are the 

hottest months when temperature rises up to 44 degree centigrade. The Mon-soon starts at 

the end of June and remains by the middle of September but the average temperature is 36 

degree centigrade. January is coldest month with average temperature of 11 degree 

centigrade. In recent times the highest recorded temperature in June has been 49°C that's 

120°F, with the lowest recorded temperature 17°C, about 63°F. 

The summer season lasts from the month of May to October for almost six months, while the 

weather is pleasant and cold from November to February. May and June are the hottest 
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months. The monsoon rains start in June, July and August being the wettest month. The 

temperatures are still very high, so the rains come as some relief from the burning heat. The 

highest rainfall records only in June is about 48.16 millimetres, which is highly seasonal since 

approximately half of the yearly rainfall takes place also in July and August during the monsoon 

season. 

Okara 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 Okara in 2018 

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

Average 

Temperature(˚C) 

11.3 15.5 21.2 26.6 32.2 31.9 30.8 30.2 28 24.8 18 13.1 

 
 

 

Figure 3.2: Graphical representation of Temperature 
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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 Okara District in 2018 

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

Average 

Precipation 

(mm) 

0 3.09 1.96 3.88 7.25 48.16 16.34 7.59 0.12 0 0.1 3.1 

Days  0 3 4 9 3 8 10 5 0 0 1 1 

 
 

 

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 3.4: Maximum Temperature Regime Map of Pakistan 

 

 

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. 

Okara being in the plains, can experience severe thunderstorms and high wind gusts that can be 

damaging to its crops. The average daily wind speed in current month of June has been around 

4 km/h, that’s the equivalent to about 3 mph, or 2 knots. In recent years the maximum 

sustained wind speed has reached 74 km/h, that’s the equivalent of around 46 mph, or 40 

knots. 

Wind in Okara is usually calm. The windiest month is June, followed by May and July. June’s 

average wind speed of around 2.69m/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 

late June where average top sustained speeds reach 2.69m/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 Okara 

 

3.2.3 Relative Humidity 

Okara experiences extreme seasonal variation in the perceived humidity. Okara is semi-arid 

region; the humidity is high. Okara has some humid months, and dry months in the opposite 

season. The least humid month is April &May and the most humid month is August (73.3%). 

Average annual humidity is given in Figure 3.8. 
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Figure 3.8: Graphical representation of average relative humidity in Okara 

 
 

3.3 Hydrology  
 
Good quality and potable water are a fundamental requirement for human health and survival.  

The water supply network covers 60% of the town and serves 70% of the total population. 23 

tube wells serve the town, of which 16 are operational and working 10-12 hours per day.1 No 

plan is being developed to address this issue.  Water table in Okara city is 40 to 165 feet and up 

to this level the water quality is unfit for drinking purposes. From above 165 feet the water 

quality is good and fit for drinking. Drinking water supply coverage in Okara is better compared 

to other cities like Rahim Yar Khan, Bahawalpur and Jhang. Okara sub soil water of the city is 

brackish and unfit for human consumption. 

Due to fast growth of population, poor town planning and industrialization causing problems in 

supplying public services, water being one of the most affected. It is becoming difficult for local 

authorities dealing with water supply to cope with the increasing demands. The coverage of the 

sewerage facility is approximately 50%. Of the remaining 50%, 25% is served with an open 

drain, while the other 25% is totally un-served. There is currently no sewerage treatment. No 

plan is being developed to address this issue. Municipal Wastewater is being disposed through 

sewerage system. There is also drainage system exist. Untreated waste water is being utilized 

by the nearest farmers as well as disposed-off into seepage drain. TMA Okara also sale out 



 

 

waste water at two places. There is no proper solid waste management system existed. There is 

no sanitary landfill available. Poor sanitation can be seen in many areas. District Environment 

Department arranged public awareness campaigns. But still solid waste is not properly handled 

by Tehsil Municipal Administration as well as Hospitals and clinic etc. 

 

Okara city is a plain with a minor slope. The shallow sub soil water of the town is brackish and 

unfit for human consumption. Present source of water supply system in the town is with deep 

Tube wells installed at depth of 165 to 220 feet. Water table is at 45 feet. Most of the town is 

dependent on TMA water supply. Water supply coverage of the town is about 60%. 16 Tube 

wells of TMA are installed near LBD Canal. While six tube wells installed near 5/4-L Minor and 

one tube well is at Bus Stop. Two tube wells under Public Works Department are installed near 

LBDC to supply water only for Hospital and Girls Collage and officer’s colony to feed the present 

water supply system of the town, there are 23 tube wells out of which10 Tube wells are 

operational and working 10-12 hours/day. Connections are not metered and consumers pay by 

norms rather than actual consumption. Consumption is generally excessive and inefficient in 

relation to uses of water. Piped drinking water is used for firefighting, while non potable ground 

water is generally available in the city. Piped water is also used extensive for horticulture. No 

chlorination is done by TMA staff. Bleaching powder solution is used monthly and during the 

rainy days it is added after 15 days basis There is need to measures the discharge of present 

tube wells and the additional source capacity needs to be worked out for cater for water 

shortage and un-served areas. Also, nearly40 % of the population is without piped water supply 

and people using their own source of water, mostly hand pumps and power pumps. The quality 

of water from this shallow source is not so good and is mostly contaminated. The average daily 

water demand is 13,124,400 gallons calculated based on the PHED standard of per capita per 

day demand (50 gallons/capita/day). Total water production per day is 5,130,000 gallons. So, 

the present deficiency is 14,556,600 gallons per day. 

 

3.4 Seismic Hazards 
 
According to Seismic Zoning map of Pakistan, Project area falls in Zone 2A which is minor to 

moderate damage area. There is no earthquake recorded in the history of region above Richter 

scale 4.5. 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  
 

District Okara is part of the region that is known as gateway to South Punjab. Home to over 3 

million individuals, it has 140 rural union councils and seven Municipal Committees. According 

to national census of 2017 the total population of the district is 30, 391, 39 from which 22, 073, 

49 (73%) population is living in rural areas. 

District Okara is bounded on the East by Kasur district, Sahiwal and Pakpattan districts on the 

West, Sheikhupura and Faisalabad districts on the North and Bahawalnagar district on the 

South. The Indian border also lies on the South-Eastern side of the district. The district Okara 

has a total area of 4,377 square kilometers and comprises three tehsils.  



 

 

The traditional crafts of the district include making of wooden charpai and baan. In Okara city, 

there is a well-known craft of lacquered wooden legs. The district has a total metalled road-

length of 2631.17 Kilometres. The District is linked with Lahore, Kasur, Sahiwal, Pakpattan, 

Sheikhupura and Faisalabad districts through metalled road. There are 9 grid stations in the 

district, ranging in capacity from 66 KV to 132 KV. At present there is no industrial estate in the 

district. 

There are about 395 large, medium and some small industrial units in the district. Main crops of 

district Okara are sugarcane, wheat, rice, maize and cotton. The major industrial units are 

textile spinning/ weaving mills, sugar mill and a fruit/vegetable processing and confectionery 

unit. District Okara possesses the potential for the development of textile industry especially 

power looms units, hosiery, terry towel, canvas cloth, tents/ tarpaulins, bed-wear, sports-wear, 

etc. Sugar mills related industries such as particle/chip board/veneer board from bagasse, liquid 

sugar from molasses and polypropylene woven bags for sugar packing also possess good 

prospects. 

Okara have all the basic physical and organizational structures, services and facilities needed 

and necessary in a city. Like the whole Pakistan, Cricket is the most famous sports in Okara as 

well. There are two modern Cricket Stadiums (Okara Gymkhana Cricket Ground and Jinnah 

Cricket Stadium). Okara Gymkhana Cricket ground is a First-Class Cricket venue of Pakistan 

Cricket Board as it has an all great cricketing facility along with world class cricket pitches. 

Football, Hockey, Basketball Court, Badminton Arena are also constructed in the heart of City. A 

new international hockey stadium is being constructed in Renala Khurd Tehsil of Okara, which 

would be completed by 2013. This stadium will develop a strong infrastructure for hockey in the 

country. 

There are also many small and considerable big parks for the general public. The three main 

recreational parks are Ladies Park, Bagh-e-Jinnah and District Park. Educational institutes 

include Education University, Cadet College, Government College for Boy, two Government 

Colleges for Women. There are also many privately-owned colleges and schools, which are 

nationally recognized, well built, big and their standard of education is also high as compared 

nationally.  

There are various numerous publics & private hospitals and clinics providing the health services. 

The popular and well-equipped hospitals are District Government hospital, surgical hospital and 

C.M.H Okara Cantt. There is also a Social welfare health society which is being operated by the 

Government of Punjab. Every hospital has more than two ambulances. Located in the village of 

Rehmpur the Rosary Christian Hospital also provides medical services to Okara and surrounding 

areas.  



 

 

The 1122 Rescue Government organization is also offering their services in Okara city. There is 

also a separated Fire station, located in the center of the city, which has several old and also 

latest fire engines for safety services. Okara also has a vast Railway station, which contains 

several platforms, where almost every train going from Islamabad to Karachi makes stop. There 

are two railway underpasses and one flyover which helps in smooth flow of traffic. 

 

3.6 Ecology 
 
The Okara District is famous for its fertile lands, peaceful natural environment and green fields 

of Potato, tomato, sugarcane, wheat, rice and maize crops. Oranges and Mangoes orchards are 

famous. Okara District is also famous for the lemon, guava & grapefruit orchards, belonging to 

the food processing company. The dominant tree species are Ukkan, Kikar, Beri,Jand, van, and 

Karil. No special species of animal worth mention are to be found. Only in the riverine tract in 

the Depalpur Tehsil, stage deer is occasionally seen. Endemic however, is the menacing wild 

boar in the riverine belt of Sutluj and Ravi. 

 

Around the forest plantations, gray partridge is found, and there is duck and teal in the water 

spots along the river banks of the Satluj and the Ravi during winter. With the ever-increasing 

number of licensed guns, these birds are getting smaller in numbers. Black partridge is the few 

that cling around the riverine track. When the Solar PV panels will be installed on the ground 

mounted structure there is a minor Flora and Fauna is going to be disturbed due to execution of 

this project.  
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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. 

 

4.1 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 or 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 excavation to fix the structure and the project site is 

already developed in premises of Cantt area. There is no impact on the Ground water.  

 

Ground water due to plant operation 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 03 MW, approximately 45000 

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 one 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 10.09 acres. At the Project site, 

there has been an absence of the following since the past few decades: 

 

• Any major agricultural activity on the land (some agricultural land is disturbed)  

• Any field, wetland or protected area. 

 

Overall, there will be minor 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 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 damage 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; 

 

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

updated.  

❖ 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 

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. 
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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 

 Lead the team in case of emergency. 

 Ensuring that appropriate emergency response teams are defined and prepared for the 

various emergency response in different cases.  

 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: 

 Assembly Points 

 Arrangements for conducting head count 

 Identification & Mobilization of Fire Team 

 Setting up drills and exercise 

 Procurement of firefighting equipment 

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

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

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

 Analyse the intensity of the incident and raise the requirement of any additional equipment 

if necessary. 

 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: 

 Practice the emergency plan exercise on periodic basis. 

 Select a member of their team as a leader who will report to Site Engineer (HSE). 

 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.  

 



 
 
 
 

 
 

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 11 KV and it will be synchronized on 
the same voltage level.  
 
Power Factor & Frequency 
Lahore Cantt 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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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 
Okara 3 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. 

 DC current reverse connection protection 

 AC short circuit protection 

 Leakage current protection 

 Grid monitoring  

 DC fuse and over current protection 

 Anti-PID function 

 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:  

 

  

 

Where, 

Z1 = Accumulated electricity generated during testing period (KWh) 

Z2 - Total system installed capacity (KWs) 

Z3 - Accumulated irradiation during testing period (Wh/m2) 

1A - Intensity of irradiance under STC condition = 1000W/m2 

Calculation of CUF 
 

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