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FORM OF APPLICATION \A

The Registrar

National Electric Power Regulatory Authority
2nd Floor, OPF Building,

Sector G-5/2,

Islamabad

‘,..(,y_n....g.,......-.__-’F-

SUBJECT: Re-Application for a Generation License for NASDA Greeil?
Energy (Pvt.) Limited 50 MW Wind Power Project submitted ori™

30 May 2016

With reference to your letter No. NEPRA/R/LAG-30/11329 dated 18 August 2016 I,
Sheikh Muhammad Abdullah, the Senior Manager Finance, being the duly authorized
representative of NASDA Green Energy (Pvt.) Limited by virtue of Board Resolution
dated May 24, 2016, hereby re-apply to the National Electric Power Regulatory
Authority for the grant of a Generation License to NASDA Green Energy (Pvt.) Limited
pursuant to Section 15 of the Regulation of Generation, Transmission and Distribution
of Electric Power Act, 1997 with approved Grid Inter-connection Studies.

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
(“AMPR”), and undertake to abide by the terms and provisions of the above-said
regulations. I further undertake and confirm that the information provided in the
attached documents-in-support is true and correct to the best of my knowledge and
belief.

A Bank Draft in the sum of 3‘?3/0\,336/- being the non-refundable license application fee
calculated in accordance with Schedule II of the AMPR, is also attached herewith.
Further, additional documents/information, pursuant to the AMPR, are attached
herewith.

Senior Manager Finance
NASDA Green Energy (Pvt.) Limite

NASDA GREEN ENERGY (PRIVATE) LIMITED
26-A,S.M.C.H.S. Off Shahrah-e-Faisal, Karachi-74400 (Pakistan)
Tel: +92 21 34315190-94, Fax: +92 21 34315129

Email: Muhammad abdullah@soorty.com
()
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BEFORE
THE NATIONAL ELECTRIC
POWLER REGULATORY AUTHORITY

APPLICATION FORTHE GRANT OF A GENERATION LICENSE UNDER
SECTION 15 OF THE REGULATION OF GENERATION, TRANSMISSION
AND DISTRIBUTION ACT 1997, AND THE RULES & REGULATIONS MADL.
THEREUNDER

IN RESPECYT OF
NASDA GREEN ENLRGY (PVT.) LIMITED
‘ 50 MW WIND POWLER PROJECT AT JHIMPIR, DISTRICT
THATTA, SINDH

Dated: [09 Mayv 2017]

Filed for and behalf of:
‘ NASDA Green Energy (Pvt.)fl

N
e N
Ce “//4:7 ’ Through;
RIAA BARKER GILLETTE

ADVOCATES & CORPORATE COUNSELORS
68, NAZIMUDDIN Roiab, -8/, ISLAMABAD
TrL(o51) 111-LAWYTER

wwwriaabg.com



APPLICATION FOR THE GRANT OF A
GENERATION LLICENSE
UNDER SECTION 15 OF THE ACT AND
REGULATION 3 OF THE AMP REGULATIONS

NEPRA’s Participation in the Process

Section 15 of the Regulation of Generation. Transmission, and Distribution of
Electric Power Act, 1997 (the "Act”) provides, inter alia. that:

‘(1) No person except under the (zul/zmm/ of a license tssued by the Authority
under this Act and subject the conditions specetfied in this Act and -
nay be imposed by the A zzi/zm‘zi\z/. construct own or operale a generation

facility.

(2)  An application for the grant of a license for a generation facility shall
specify-

(i) the type of facility for which the license ts applied.

(1) the location of the generation facihty; and

(1) the expected life of the generation facility.”
Furthermore, Regulation 3 of the National Electric Power Regulatory Authority
(Application and Modification Procedure) Regulations, 1999 (the “AMP
l((,g,uldtmns”) provides that an application for a license shall be made in the
form specified in the AMP Regulations and further enumerates the documents

required to be submitted to the Authority along with the requisite application.

This Application for the grant of a generation license is made pursuant to Section
15 of the Act and Regulation 3 of the AMP Regulations (this “Application”).
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Introduction of the Applicant/Sponsor

As required under the Section 24 of Act NASDA Green Energy (Pyvt.) Limited (the
“Applicant” or the “Company” or the “Project Company”) is a private
limited company incorporated under the Companies Ordinance, 1984, to act as a
special purpose vehicle (the "SPV) and develop a 50 MW wind power
generation facility located at Jhimpir, District Thatta, Province of Sindh (the
“Project”). The constitutive documents, other pertinent details of the Applicant
and description of the Project are annexed herewith as Annex- A hercto.

Sponsors = Soorty Fanily / Group

v way of background and introduction, Soorty Enterprises (Pvt) Limited (SEL),
established, in the vear 1984 under the Companies Ordinance having its
registered office in Karachi. Pakistan. SEL now enjovs leading positions in Denim
sector of Pakistan. SEL is owned by the Soorty Familyv, SEL is now one of the
largest manufacturers and exporters of denim fabric and garments goods in
Pakistan having state of the art processing unit producing 40 million meters
denim fabric and 28 million pieces of denim garments annuallv. Located in the
mdustrial hearvt of Karachi. it is todav one of the largest toxtile processing units in
Pakistan. The whole production is exported divecthv and indirectiv to customoers
who mchude vendors of internationadlv recognized brands and departmental
stoves. Its substantial foreign remittance through export business has been
greatly contributing towards national exchequer.

SEL s a vertical unit with core processes of

. Spinning

. Dentim Manufacturing (Weaving, Dveing, Finishing)
. Garments Manufactwring

. Garments Wet Process

A:  Current capacities of the company are mentioned as under:-
- Splnning - 60 tons spun varn per day

- Denim - 5.5 milthon meters fe.bric per month

- Garments - 2.5 million pieces of zarments per month




B: Revenue Rs.26,197 millions

C: LEstimated imports Rs.3,000 millions

D :  Leverage 33% of the equity (0.33 1 1)

1 Current ratio Current assel 1 Current labilities 0.52
I Total Assets Rs 31,162 millions

Soortv Enterprises (Pvt) Limited also have morve than 10% equity stake in 200
MW REFO based Power Plant in Faisalabad. The said Power Plant has been
running under the name of Liberty Power Tech Limited and supplyving
uninterrupted electricity to National Transmission and Despateh Company
Limited.

The Sponsors details and other pertinent details ot the sponsors for this Project

are annexed herewith as Annex- B hereto.

The Project Overview

Project Company

The Letter Of Intent (the "LOI7) has been awarded by Directorate of Alternative

Energy (the "DAE”), Energy Department Government of Sindh to NASDA Green
LEnergy (Private) Limited dated Julv 30, 2015 which was rencwed till 29
December 2017 vide Government of Sindh, Directorate of Alternative Energy.
nergy Department’s letter No. DAE/wind/8o/2015 dated 29 March 2017.The
Project Company is diligentlyv working towards the earlv implementation of the
Project. The Project Company proposes to design, engineer, construct, msure,
commission, operate and maintain the Project. The construction of 50 MW wind
power plant on Gamesa G114-2.0MW technology (brieflv explained i Para 8)
witl take approximately 18 months from the issuance ot notice to proceed to the
pro‘ject contractors, so that plant commissioning is expccted i the 4th Quarter of
2019. The LOT for this Project and its extension are annexed as Annex-C hereto

The Project Company will de\'olop own and operate a 50 MW wind farm as an
imdependent power project (the "IPP") in Sindh. The Project Company shall
develop wind farm and the sub—stmmm while (PPA il dne bl b 0



B Revenue Rs.26,197 millions
C: Estimated imports Rs.3,000 millions
33% of the equity (0.33 1)

.

D :  Leverage

I Current ratio Current asset 1: Currvent liabilities o.52
1 Total Assets Rs 31,1602 millions

buolt\ Enterprises (Pvt) Limited also have more than 10% cquily stake in 200
MW RO based Power Plant in Faisalabad. The said Power Plant has been
nmning under the name of Liberty P()\\'er Tech Limited and supplving
uninterrupted electricity to National Transmission and Despatch Company
Limited.

The Sponsors details and other pertinent details of the sponsors for this Project
are annexed herewith as Annex- B hereto.

The Project Overview

Project Company

The Letter Of Intent (the "LOL") has been awarded by Directorate of Alternative
Energy (the "DAE”), Energy Department Government of Sindh to NASDA Green
Energy (Private) Limited dated July 30, 2015 which was renewed tll 29
December 2017 vide Government of Sindh, Directorate of Alternative Lnergy,
Energy Department’s letter No. DAE/wind/8o/2015 dated 29 March 2017.The
Project Company is diligently working towards the carlv implementation of the
Project. The Project Company proposes to design, engineer, construct, insure,
commission, operate and maintain the Project. The construction of 50 MW wind
power plant on Gamesa G114-2.0MW technology (brieflv explained in Para 8)
will take approximately 18 mounths from the issuance of notice to proceed to the
project contractors, so that plant commissioning is expected in the 4th Quurter of
2019. The LOT for this Project and its extension are annexed as Annex-C hereto.

The Project Company will develop, own and operate a 50 MW wind farm as an
independent power project (the “IPP™) in Sindh. The Project Company shall
i(-\\'elop m’nd fzu‘m and the sub-stations \\‘hilo CPPA will be the purchaser of
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Issuance of “Letter of Intent”

The project development phase has recently started after getting the Letter of
Intent (LOI) from Directorate of Alternative Energyv, Energy Department
Government of Sindh and land allocation from Government of Sindh (GoS) on
January 14, 2016.

Although the Applicant will opt for the available Upfront Tariff or Benchmark
Tariff and as such all risks associated with the Project are to be borne by the
Applicant, nevertheless, the Company has undertaken various studies to assess
the [easibility of the Project. These studies inter alia inciude the following:

Ay Wind resources assessnient;

b. Geo technical investigation;

C. Digital topographic map:

. lutial environmental exanmination; and

e. Grid interconnection study.
A complete feasibility study that has already been submitted by the Project

Company to DAE, Government of Sindh is annexed as Annex-D hercto.

Power Purchaser

The electricity generated from this Project would be supplied to Central Power
Purchasing Agency (Guarantee) Limited. The power generated by the Project will
be sold under the standard Energy Purchase Agreement (the "EPA™) starting
from commencement of commercial operations.

Sit

cC

The proposed Project site is located at Jhimpir, District Thatta, Province of

Sindh, Pakistan (the “Site”). The Site proposed for the implementation of the
Project has been selected by considering the following:

a. Location in the wind corridor;

b. Wind conditions at the Site;

C. Topographic conditions;

d. Site accessibility; and

e. Location of the grid with reference to the Site for interconnection.

The Site is located within the wind corridor identified by DAL, GOS. As already
mentioned above the Site 1s located in Jhimpiz—sigict Thatta, Sindh, which is
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one of the most promising areas where wind power projects can be viably
istalled. The Project’s wind farm site is located 168 KM from Port Qu s‘ill]
Karachi in the East direction with casy road access. Nooriabad Industrial Estate
(situated on the Mg motorway connecting Karachi and Hyvderabad) is 50 "-M
from the wind farm.

This Land Description of the Project Site:

somw NASDA :

R E L

S. No. N
1 24°58'7 53" 67°47'32.06"
2 24°58'11.09" 67°47'35.84"
3 25°1'43.26" 67°43'36.65"
4 25°1'46.76" 67°43'40.50"

The Project Site is exposed to very strong westerly winds, wind data analysis of
the area suggests that, 80% wind blows from the south wesl direction. The terrain
of the arvea is flat with small change in altitude. The proposed site lies under

roughness class 1.5 as there is low vegetation. The site is casilv accessible through
mctulhc roads. The ground 1s hard and rocky: the subsurface soil also includes
clay and silt.

The proposed wind farms lies on a flat inland area with hard and rocky ground
conditions. The site would be categorized as inland wind development as opposed
to offshore/coastal wind project development (which is more difficult to develop
due to tides and soft subsoil clav). The general terrain at the site can be deseribed
as simple and flat terrain. Internal access roads are the roads connecting the
single wind turbine locations with each other and the external access roads and
grid station would be constructed during the civil works of the wind farm. The
eeneral lavout of 50 MW NGEPL and neighboring wind fairms is shown in figure

below: .
o R
N A R
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The wind farms site is in long and narrow in shape, the topography is relatively
flat and the clevation above sea level is approximatelv 9o-155 m. There is little
vegetation at the wind farm site.

Topographic conditions

The Site 1s on a plain arca at an elevation of 90-155 m, which is generally tlat, but
a bit higher on the northwest and lower on the southeast. The landform at wind
farm sites is mainly of pediment and the vegetation there is less developed.

Geological conditions

The planned wind farm sites are covered mainly b\ marine JHU\ wm ot Holocene

il ) v . 1 B rid
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The wind farms site is in long and narrow in shape, the topography is relatively
flat and the elevation above sea level is approximateh go-1
vegetation at the wind farm site,

55 m. There 1o tittle

8

Topographic conditions

The Site 1s on a plain area at an elevation of 9o-155 m, which is gencrally flat, but
a bit higher on the northwest and lower on the southeast. The landform at wind
farm sites 1s mainly of pediment and the vegetation there is less developed.

Geological conditions

The planned wind farm sites ave covered mainly by marine alluvium of Holocene
and recent weathered deposit, and underlain mainly by Tertiary limestone. The
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has a high gravity center and should sustain high loads, large horizontal wind
force and overturning moments. WTGs are designed to withstand these forees.
Hydrology

According to the regional hvdrological data available, the Project site is ina din
arca, where the water table is deeply underground, and the surface water and
water in the shallow surface layers is weakly to slightly corrosive to the concrete
and is corrosive to the rebars in the concrete which has been immerged in water
for a long-time or alternativelv in wet and dryv conditions. Corrosion prevention
measures will be adopted in the design and implementation of the wind farmn.

The Site Map and other pertinent details regarding the project site is anneved
Annex- E hereto.

Upcerations & Maintenance Arrangement

For the purpose of designing, engincering, procuring, constructing, installing,
testing, completing, commissioning, operation and maintenance of the Project.
the Project Company has signed the itleads of Agreement” with "Gamesa Wind
(Tianjin) Co. Ltd.,” and ‘Orient Energy Svstem (Pvt) Lid. and "Orient Fnergy
Systems FZCO™ on February 26, 2016.

With 20 vears experience, Gamesa is a global leader in the design,
manufacture, installation and maintenance of wind turbines. with over 28.800
MW installed in 43 countrics across five continents. Operation & Maintenance
(O&M) is one of the key activities upon which Gamesa bases its development,
having 70% of its fleet under an Operation & Maintenance contract thanks to an
expansion of this activity in over 30 countries.

Backed by 20 vears of experience in wind turbine O&M and oplimization,
Gamesa continues to be committed to adding value, offering cutting cdge
solutions, such as the useful life extension, integral solutions for the O&M of
other manutacturers” wind turbines, and personalized financing options to mect
the needs of each customer. Gamesa focuses intensivelv on programs tfor
maximizing energy production, mproving availabilitv: and reducing Q&M
related costs, with the goal of decreasing energy costs by 30%.

N . . . y '/. . .
Information regarding Operation & M‘;ﬁ is appended herewith as
<

Annex-I-, /
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Financing

The Project Company will own the 100% of equity while for the remaining
tinancing arrangements will be explored from International Lenders or local
Banks or a consortium of lnternatlonal lenders or local Banks and the
selection of financing source, mode and mechanism will be based on financial
models. Currently the project cost s estimated to be around USD 9o milhon.
The project is expected to produce 153.3 GWh of elect i('it\' and the clectrical
power produced by this farm will be purchased by CPPA and distributed on
national grid by NTDC.

The Project is intended to be financed by debt-equity ratio of 75:25.

Selection of Technology

The proposed wind farm contains 25 Gamesa Gi14-2.0 MW C HA Wind Turbines
at 93m hub height for the Company’'s Wind Power Project. The output of the farm
will be 50 MW with capacity factor not less than 35%. The project construction
tinteline will be around 18 months after issuance of Notice to Proceed (NTP) with
4 months Pre-NTP. The WTG is sourced from world renowned wind turbine
manufacturer, GAM 1 SA Corporation with a total of 21 vears of experience and
more than 31.2 GW capacity installed around the world. GAMESA 1s the world
technology feader 1 Wind Power.

%pcu/zuz[zons of Giig-2.0 MW C 114 \md /uzb ne.

- (a). Rotor
(1), [ Number of blades 3
(n). Foator dianactor R

‘ (ii). | Sweptares 110207 m

‘ | ‘ L .
‘ | . Combination of blade piteh anzle adjustinent. and
(). Power regulation : , k

coteralor Seomeerter torque vont

(). Cut-in wind sl)ead ERTERN

e e e SO - - -

(v, \ Cut-out wind sxcd L 25 nY/s

P T S - i e

(vit) survival wind speed : 39 5 /s (Maximum 3 sec)

( 1) ! Pitch regulation

aiolor (“1\\.\ GO Lo mrovnted to e innes

race of the biade priel heamnn

S — ———e
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Blades

. Blade length - 50m

. - Comy )m'l@ material reinforced with fibergluss through
Material :
| - resin infusion technology.

Gearbox

"5 combined stages: 1 stage planctary, 2 pavallel shift

(1), Type :
' L gears.
(i1). | Gear ratio 1128 5 5
- ! ! e e
(iii). 1 Main shaft | Cast shaft
fedy, Gencerator
. (i). ! Nominal Power 2040 (kW)

' Voltage - | 690V

Cvpe D()\ by fed with coil rotor and s p Fngs

' Power factor L 0.95

i Degree of Protection H’)_; Turbine - 1Po ng'l&'uﬂ:\

“A\'?I‘;\in Shaft: Cone Collar, High S.PC“ Shatt: Flexible
coupling.

Q(mpl ing

(e,

Control Svstem

| Type - Automatic or manually controlled.

: Remote monttoring ol different paramelers, g,
. Scope of monitoring temperature  sensors,  pitch  paranmeters.  speed,
i Cgencrator torque, wind speed and direction, ete.

Recording Production data, event list, long and short-term trends




Aerodvinamic brake achieved by feathering blades,

(i), " Operational brake

(ii). ¢ Secondary brake - Mechanical brake on (high speed) shaft of gearbox.
(z). Tower

(i). . Tvpe Conical barrel tube

. e e S

(i1). 1 Hub heights 93 m

|

(h). Y System
(i). ‘ Yaw bearing CPETP
[ B i
' (1) | Brake CACtive Yaw
e e e e e+ e
(). Yawdrive Motor Drive
i
(iv). | Speed - 0.42/s controlling speed
(B). Other Details

- Project Commissioning

. & Quarter of 201¢
- Date (Anticipated) 47N /

e e

E Expected Life of the
I Project from i
). | T . ‘ c 25 Years
. (i) | Commercial Operalion |~ )
Date (COD) "




Power Curve of Gamesa Gi114-2.0MW Wind Turbine Generator

The tabular and graphical values of Power curve are shown below:

“Wind Speed (nmi/ s)

Power (kw)

i 135
5 319
6 581
7 943
"’ 8 1408
9 1804
10 1977
11 1993
12 1999
13 2000
1 2000
15 2000
16 2000
17 2000
‘l' 18 2000
19 2000
20 2000
21 2000
22 19006
213 1681
24 1455
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Power Curve of Gamesa G1i14-2.0MW Wind Turbine Generator

The tabular and graphical values of Power curve are shown below:

Winld Speed (nifs) - Power (kW) e
4 135
) 319
6 581
7 943
S 1408

‘ 9 1804
10 1977
11 1993
12 1999
13 2000
14 2000
15 2000
16 2000
17 2000

. 13 2000
19 2000
20 2000
21 2000
292 1900
29 1681
24 1435




Power Curve of Gamesa G114-2.0MW Wind Turbine Generator

The tabular and graphical values of Power curve are shown below:

: Wind Speed (ni/s) i Power (kW)

4 135
5 319
6 531
7 943
S 1408
9 1804
10 1977
1 1993
12 1999
13 2000
14 2000
15 2000
10 2000
17 2000
i 2000
19 2000
20 2000
21 2000
22 1900
213 1681
24 1455
25 12330
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The energy production of Wind Farm is given in table below:

CTotal Installed  Gross ISO  Capacity of the .
(1). : S o e 50 MW
S Generation Facility /Wind Farm (MW/GWh)
; — S J |
o (2). ) Total Annual Full Load Hours ‘. 3066
.,\\ crage  Wind - Turbine Gcncmlm (W 1(;) : .
(3) 1 N ' 97%
Availability
(4) CTotal  Gross (xcmmt ton  of ﬂlL Guncmti(m 5‘ 17374
4). Lo . ! 73.7
4 - Facility/Wind Farm (in GWh) | ’
(5). ¢ Arrav & Miscellancous Losses GWh 12.58
(6).  Availability Losses G\Wh | 4.70
(7). DBalance of Plant Losses G\Wh 314
S Annual Energy Gcmmuon (20 vear equivalent
8). . gy ; 153.3
- Net ALP) GWh :
(9. Net Capacity Faclor ' 35 %
Plant Characterstics:
The plant eharacteristics are given in table below:
S No.
T C;cnuation\& AU(’ T ooV
5 requeney o 5011
3 ' | Power Factor 0oz leading - lagging
‘ i —————— i e e —
4 7, Automatic Generation Control ‘ l"il(ﬁh controlled
5 WWW@L_I_{wn_ml g rale B o ' A p( rord code




€ Alternative Iuel NA
7 Aux. consumption 800 kW
8 Time required to svnchronize to the grid L As per grid code
i |

|
i
1
{
{
|

[ES— 1

Control, Metering, Instrumentation and Protection

The information regarding Conlrol, Melering instrumentation and Prolection ave given in Table
below:

.3.

9.

g.1.

9.3

o 5 | “_\( nu Q_ULUL] 111«{ o o
Pmtcu o Line dis 1((/( ferential relay with overcurrent /-
o ____;__l: carth dLl L backup pmlpm on

Inx truinenta EIQ_’?“_ILDI 20 Iu protection applic AU()H

Health and Safety

During the construction and operation of the Preject, the guideline of “safety
first. (accident) prevention  foremost” will be  practiced. Comprehensive
managenient and supervision will be applicd to all staff members and the whole
operation process, mnoorder to ensure safe operation of the equipment wad
personal safety of workers.

The Company shall ensure that the EPC Contractor shall take all due precautions
to cnsure the safetv of its employees, agents and subcontractors and, in
collaboration with and to the requirements of the local health authorities, to
ensure that suitable arrangements such as medical staff, fivst aid equipmenic aid
stores, sick bav and suitable ambulance services are available at all times
throughout the period of the construction period as necessary and that suitable
arrangementts are made for all necessary welfare and hvgione requirements..

The EPC Contractor shall maintain vecords concerning safety, health and welfare
of persons and damage to property, and make such reports, as are consistent with

Good Utility Practice and shall report details of qeident to the Company as

'y
SO0 as possible after its occurrence. /‘,\{J’\
5 i
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Environmental Impact

Management Consultants & Trainers was awarded the contract to conduet the
Initial Environmental Examination (1EE) study for the 50MW Wind farm
proposed by the Project Company. Since the project is located in an arca whicn
was historically reported as the major and significant migratory bird’'s route
during winter, therefore the environmental impact related to mortality of birds
due to wind turbines is also evaluated along with anv human resettlement.
Based on the site evaluation and wind data measuremoent done by National
Renewable Energy Laboratories (USA) under the USATD assistance program in
2007, the project locations within this Jhimpir area falls among the best wind
corrtdors w.r.t. wind power generation

The wind farm will be developed in an avca which s nolt under mtensive
agriculture use. There is no sensitive habitats with a high ccological value were
found during the field survey on the proposed land and no impacts caused by the
human settlement is expected. The same assessment is made regarding the
possible impacts on soil. The proposed project will acquire a 360 acres of Tand
for the turbine towers and right of wav for the access road. No rare or thr uml
vegetation species grow along the )1'(‘)1')0\"0(1 site or access road. \"Im ol the
plants found here have a wide ccological aptitude and populations lmm cenough
to ensure their genetic diversitv. The removal of @ small portion of vegetation

vill not harm the overall diversity of plant communitics in the arca. Onlyv raptors
use the proposed site as a hunting ground and for soaring overhead.

Given that wind power is a ‘clean’ source of energy, its key environmental benefit
is in terns of the emission offsets it provides. The wind farm will offset between
39,409 to 87,205 tons of carbon dioxide equivalent per vear depending on the
efficiency of the power plant that it will replace. Over a twenty vear time horizon.
1o, the assumed lite of this pl‘ojcct the wind farm has the potential to offset 0.9
to 2.1million tons of CO2 equivalents. It will also offset between 145 to 323 tons
of sulfur dioxide. The Tocal benefits ot this are obvious in the sense tlm the
imgestion of SO2 and particulates is harmful for human health. Sulfur dioxide
also contributes to acid rain. Thercfore, if a thermal power station option was
exercised as opposed to the wind farm. the additional cost of mitigating the SOz
and particulate enissions would have to be borne.

Lifespan of the Wind IFarm

s envisaged that the wind farm will be in operation

f or up to 25 vears. Al the
end of this period the wind farm will Clti(‘l/lﬁ

wsioned or new wind
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turbines will be installed. Once the wind farm has reached the end of its Tifespan,
the decommissioning process will include removal of the turbines and the return
of the site to its condition prior to the construction of the wind farm.

Ividenee/relevant correspondence:

Copies of the pertinent correspondence are enclosed herewith for the learned
Authorityv's assistance and consideration.

The Applicant would be picased to provide any other assistance that the Tearned
Authority may requive in the matter of grant of Generation License.

This Application and its Annexures arve being submitted in triplicate, with certain
documents certified as necessary, ech inaccordance with Regulation 3(4) of the

AMP Regulations.

Additional Grounds

The Applicant seeks to raise turther additional grounds in support of this
Application at the hicaring stage.

PRAYER
Itis most humbly praved to the esteemed Authority as follows:

AL That the Applicant be granted a Generation License for the development of
the Project.

B. That the terms of the Generation Liceuse mayv kindly be made consistent
with the terms of the GoP concession documents.

C. That the Authority mayv be pleased to treat the ApplicantUs request for the
grant of Gencration License on a non-discriminatory basis and am
concession offered to comparable projects on the date of filing of this
Applicant and at any stage subsequert to the grant of license mayv kindly
be granted to the Applhicant aswell.

D. Anyv further and better relief that the Authority mav deem appropriate
the circumstances may Kindlyv be gronted to .

s [ R
/ /,rf\_t}” /%
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We hope the information/explanation provided above meets vour requirements, and
remain available to assist vou if vou have any turther queries.

Respectfullyv submitted for and g of the Applicant:
< o O &tﬁif}ﬁ\&\b

sincerely,

09 May 2017
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TO WHOM IT MAY CONCERN

Y his is to certify that M/s. NASDA GREEN ENERGY (PVT) LIMITED of 26-A S.M.C.H.S OFF

" HAHRAH-E-FAISAL KARACHI. is/are maintaining Account under Demand Deposit - IBB Numb =~

{-98-72-29301-714-164121 having IBAN PKOBMPBL9972177140164121 with us since 1¢-t . g-c015 and . vir
belance of PKR 522,504.00 (Five Hundred Twenty Two Thousand Five Hundred Four PKR) ¢n 05-May-2017.

‘js certificate is being issued at the specific request of our custorner and without any risk and responsibility on
2 pari of this bank or any of its officers.

¥.2. Habib Metropolitan Banik Limited

Authorised Signatory

SINDH!I MUSLIM SOCIETY BRANCH (SUB BRANCH OF SHAHRAH-E-QUAIDEEN): A-102,

Habib Metropo“tan Bank Ltd. Ground Floor, Moona Arcade, Sindhi Muslim Cooperative Housing Society, Karachi, Pakistan
Tel: (32 21) 3453 1343-451 Fax: (32 21) 3453 1346 ' www.habibmetro.com

[Subsidiary of Habib Bank AG Zurich]



Generation Licerse

NASDA Green Energy Private Limied
Jhamp:r

District Thatta

Sindh

SCHEDULE-I

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

NASDA Green Energy Private Limited
Jhampn

District Thatte

Sindh

Site Location of the Generation Facility/Wind Power
Plant for NASDA Green Energy Private Limited

The Project is located in Jhimpir, which is located approximately 120 km from Karachi, Pakistan’s
commercial hub and main coastal/port city. The Karachi-Hyderabad Motorway (Super Highway)
and National Highway are the connecting roads to the Project site. The Jhimpir wind corridor is
identified as potential area for the development of wind power projects. The geographical
location of the project is shown in figure below.
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Generation License

NASDA Green Energy Private Limited
Jhampi

District Thatta

Singr

Layout of Generation Facility/ Wind Power Plant of
NASDA Green Energy Private Limited

The general layout along with neighboring Wind Farms of 50 MW NASDA is shown in figure below.
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Generation License
NASDA Green Energy Private Linited!
Jhany

Sinah

Land Coordinates and Micro-sitting of the Generation
Facility/Wind Power Plant of NASDA Green Energy
Private Limited

S.No. Latitude Longitude
1 24°58'7.53"N 67°47'32.06"E
2 24°58'11.09"N 67°47'35.84"E
3 25°1'43.26"N 67°43'36.65"E
4 25°1'46.76"N 67°43'40.50"E

Page 4 of 13 of Schedule -!



Generation License

NASDA Green Energy Private Limuted
Jhampir

District Thatta

Singn

Electrical System Single Line Diagram of Generation
Facility/Wind Farm

The project will install 25 WTGs (Gamesa G114-2.0). There shall be four (04) WTG collector group.
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Generation Licenss

NASDA Green Energy Private Limitea
Jhampy

District Thatta

Sindh

Interconnection Arrangement for Dispersal of Power
from the Generation Facility/Wind Power Plant of
NASDA Green Energy Private Limited

The power generated from the Generation Facility/Wind Power Plant of NASDA Green Energy Private
Limited shall be dispersed to the National Grid through the load center of HESCO.

(2). The Proposed Interconnection Arrangement /Transmission Facilities for dispersal of power will
consist of the following:

a) Anew 220/132 kV Jhimpir-2 substation 3x250 MVA, 220/132 kV transformers.

b) A 220 kV double circuit transmission line approx.. 5 km on twin bundled Greely conductor
lopping infout of second circuit of existing Jamshoro — KDA-33 double circuit transmission
line at the proposed Jhimpir-2 220/132 kV substation

c) Addition to 4™ 220/132 kV transformer at the newly proposed Jhimpir-2 substation

d) 132 kV double circuit transmission fine approx. 135 kv long on twin bundled Greeley
conductor for connection 8 WPPs in the first loop to Jhirmpir 2 substation

e} 132 kV double circuit transmission line approx. 168 kv long on twin bundled Greeley
conductor for connection 8 WPPs in the second loop to Jhimpir 2 substation

fiin this scheme the interconnection of tndus WPP includes 132 kV double circuit transmission

line approx. 0.8 km long on twin bundled Greeley conductor for looping in/out on the 132 kV
single circuit from Lakeside WPP to NASDA Energy WPP grid station

(3). Any change in the above mentioned interconnection arrangement/transmission facilities duly

agreed by NASDA Green Energy Private Limited, NTDC and HESCO shall be communicated to the
Authority in due course of time.

Page 6 of 13 of Scheduie -1



Generation License

NASDA Green Energy Private Limited
Jharsi

District Thara

Sindh

Schematic Diagram for Interconnection
® Arrangement/Transmission Facilities for Dispersal of
Power from NASDA Green Energy Private Limited

Page 7 of 13 of Schedule -



Generation License
NASDA Green Energy Private Luvited

Jhamer
District Thatia
Sindgn

Proposcd Interconnection Scheme For Povwer Fvacunation of

New WEPEPs at Jhimpir Area

Page 8 of 13 of Scheauic |



Generation License

NASDA Green Energy Private Linmuted
Jha ’

District Thatta

Detail of Generation Facility/Power Plant/

Wind Farm

(A). General Information
‘ |
: |
(i). - Name of Applicant/Company = NASDA Green Energy Private Limited
. i . . . - 26-A, Sindhi Muslim Cooperative Housing Society, Off
. IR t B Off
(i) | egistered/Business Office . Shahrah-e-Faisal, Karachi
(iii). . Plant Location ' Jhampir, Nooriabad, District Thatta, Sindh
(iv). [ Type of Generation Facility Wind Power

1

Wind Farm Capacity & Configuration

‘ Wind Turbine Type, Make & !

i) i G G114-2.0 MW
(i) s‘ Model | amesa
. “Installed Capacity of Wind
. 50 MW
; (i) - Farm (MW)
— : ~ e -
| ‘l Number of ‘
(i) | Wind Turbine Units/Size of | 25 x 2.00 MW
coeachUmit(kw)
(C). Wind Turbine Details
(a) Rotor
(). | Number of blades 3
(ii). : Rotor diameter 114 m
(iii). l Swept area \ 10207 m*
] A “Combination of blade pitch -.;an;{Iii_i{gjL—iafi'ﬁ‘éx\t
(iv).  Power regulation

I generator / converter torgue control.




Generation Licerse

NASDA Green Energy Private Limited
Jhampr

District Thatta

Sinadh

(v).

! ——m

" Cut-in wind speed 3m/s
. " — . R S Y RS S - -
- {(vi). | Cut-out wind speed 25 m/s
| ; | o A
(vii) | Rated wind speed - 13.07 m/s
(vii)  Survival wind speed 59.5 m/s (Maximum 3 sec)
(ix) ‘ pitch regulation ‘\ Electric motor driyes a4 ri;wg—_gear mounted to the inc.:
5 | . race of the blade pitch bearing. i
(b). Blades
: T - : R -
(i). ~ Blade length L 56m
T T Composite material reinforced with fiberglass throug
(i) i Material o .
| ) i resin infusion technology. -
|
o). Gearbox
----- . 5 '3 combined stages: 1 stage laneta?y 2 parallel shift
(il Type ¢ P "
T oo Bean
(i). | Gear ratio 1:128.5
(i) ] Main shaft \‘ Cast shaft
{d). Generator
(). | Nominal Power - 2040 (kVA)
: - g ‘ e —— —— — —
(i) | Voltage 690V
- ; - [ R e e
(i) Type ' Doubly fed with coil rotor and slip rings
(iv). ‘ Degree of Protection  IP54 Turbine — P21 Ring Body
| . ~Main Shaft: Cone CoHa_r, High Speed Shaft: Flexible
(v). | Coupling : ,
i E icoupling.
(vi) - Power factor 0.95
‘ . i e e —— e e — e ot —— e e — ——
He). Control System
| { o i
| (i). i Type 1‘ Automatic or manually controlled.
; Remote monitoring of different parameters, e¢g.
(i) 1 Scope of monitoring temperature sensors, pitch parameters, speed, generator

' torque, wind speed and direc s
‘ o /‘Q_,?‘ (p"?/ o
A :

10 of 13 of Scheauis -




Generation License
NASDA Green Energy Private Limited

Jhamgir
District Thatla
St

| Production data, event list, long and short-term trends

i
(i). | Design
i

! Mechanical brakes

(ii). | Operational brake - Aerodynamic brake achieved by feathering blades.
(iii). i Secondary brake ' Mechanical brake on (high speed) shaft of gearbox.
8). Tower
- N S j _ e e e
(i). i Type Conical barrel tube
; S— S—— — ,,_,,,,‘,.,. — — e e—
(i) | Hub heights 93m
I {h). Yaw System
. [ -
(). Yaw bearing ~PETP
Lo (i) , Brake " Active Yaw
| : _ B
| ?
(iii). [ Yaw drive ' Motor Drive
'A o & : T
-~ (iv). | Speed | 0.42/s controlling speed
| (i). Other Details
proj o ‘
m ; rOch't Commissioning Date October 31, 2019
i (Anticipated) |
% Expected Life of the Project -
(i) | from Commercial Operation | 20 Years

' Date (COD)

Page 11 of 13 of Schedule i



Generation License

NASDA Green Energy Privale Limited
Jhampr

Distrnict Thatta

Sindh

Power Curve of Gamesa G114-2.0MW Wind Turbine
Generator (Tabular)

Wind speed (m/s)

3

4 135
5 319
6 581
7 943
8 1408
9 1804
10 1977
11 1993
12 1999
13 2000
14 2000
15 2000
16 2000
17 2000
18 2000
19 2000
20 2000
21 2000
22 1906
23 1681
24 1455
25 1230

Page 12 of 13 of Scheduie



Generation License

NASDA Green Energy Private Lumited
Jhamg

Distnct Trhatia

Ty
S

Power Curve of Wind Turbine Generator of Gamesa
G114/2.0 (Graphical)

G114 2.0MW - Power Curve

2500

2000

- Al Density 1.1bkg/m?3

O

0 5 10 15 20 25 30
Wind Speed at Hub height [m/s]
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Generation License

NASDA Green Energy Private Limited
Jhampir

District Thatta

Sindh

SCHEDULE-II

The Total Installed/Gross ISO Capacity (MW), Total
Annual Full Load Hours, Average Wind Turbine Generator
(WTG) Availability, Total Gross Generation of the
Generation Facility/Wind Farm (in GWh), Array &
Miscellaneous Losses (GWh), Availability Losses (GWh),
Balance of Plant Losses (GWh) and Annual Energy
Generation (GWh) of the Generation Facility /Wind Farm
of Licensee is given in this Schedule

Page 1 of 2 of Schedule-ii



Generation License

NASDA Green Energy Private Limited

Jhampir.
District Thatta
Sindh
SCHEDULE-II
1 : _ _
| ). Total lflstalleq. Grosls ISO  Capacity of the | c0 MW
- Generation Facility /Wind Farm (MW/GWh)
(2).  Total Annual Full Load Hours 3066
3) Average Wind Turbine Generator (WTG) ‘ 979
' ~Availability ’
;  Total Gross Generation of the Generation .
; 4). ’ . . ) ‘ 173.74 GWh
i 4 ! Facility/Wind Farm (in GWh) !
(5). Array & Miscellaneous Losses GWh 12.58 GWh
(6). | Availability Losses GWh 4.72 GWh
S [ -
(7). Balance of Plant Losses GWh 3.14 GWh
i Annual Energy Generation (20 year equivalent Net
(8). AEP) GWh 153.3 GWh
i‘ R - S S, e
(9). Net Capacity Factor 35%
S L )
‘Note

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

in the Energy Purchase Agreement.

Page 2 of 2 of Schedule-il



ANNEX — A

APPLICANT COMPANY’S CONSTITUTIVE DOCUMENTS

(a) Certificate of Incorporation

(b) Memorandum and Articles of Association




A010225
SECURITIES AND EXCHANGE COMMISSION OF PAKISTAN

COMPANY REGISTRATION OFFICE, KARACHI

CERTIFICATE OF INCORPORATION

[Under section 32 of the Companies Ordinance, 1984 (XLVII of 1984)]

Corporate Universal Identification No. 9093926

I hereby certify that of NASDA GREEN ENERGY (PVT.) LIMITED 1s this day
incorporated under the Companies Ordinance, 1984 (XLVII of 1984) and that the

company is limited by shares.

Given under my hand at Karachi this Eleventh day of June, Two Theousand and

Fifteen.

b
{
X

i
Incorporation fee Rs. 14,000/= only Fenity (Lyﬁu{oi Lou*zfan.u'g

P RSWEENL,

PR LR
e rates AR »A*‘t%"*"""""‘" iRk et

(Sldney Custodio Pereira)
Joint Registrar of Companies
Karachi
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THE COMPANIES ORDINANCE, 1984

(COMPANY LIMITED BY SHARES)

|

l\
a
.

MEMORANDUM

ARTICLES OF ASSOCIATION

NASDA GREEN ENERGY (PRIVATE) LIMITED




THE COMPANIES ORDINANCE, 1984
COMPANY LIMITED BY SHARES

MEMORANDUM OF ASSOCIATION

OF

NASDA GREEN ENERGY (PRIVATE) LIMITED

The name of the Company is "NASDA GREEN ENERGY (PRIVATE) LIMITED."

The Registered Office of the Company will be situated in the Province of Sindh,
Pakistan.

(A) To setup, establish and operate power stations using wind energy and to
carryon the business of generating and supplying of electric power and to
carryon all or any of the business of generating, purchasing, importing,
transforming, converting, distributing, supplying, exporting and dealing in
electricity and any other form of energy and products or services
associated therewith and of promoting the conservation and efficient use
of electricity and to perform all other acts which are necessary or
incidental to the business of electricity generation, transmission,
distribution and supply;

(B) In order to carry out and fulfill the above-mentioned object, the Company
shall be authorized:

To acquire whether on lease or otherwise, land, places, and make necessary
construction and also for installation therein of solar energy equipment, design,
insure, operate and generate power and to sell, transmit, distribute or
otherwise dispose of electricity so generated, exclusively for conducting
businesses as specified in object clause{lll) (A).

To carry-on supplies of all apparatuses and things required for or capable of
being used in connection with power generation, distribution, supply,
accumulation and employment of electricity, and as supplier of electrical power
produced through solar, atomic power, and to buy, sell, manufacture, repair,
convert, alter, let on hire, and deal in machinery, used for the generation and
supply of electricity exclusively for conducting businesses as specified in object
clause(lll) (A)

To enter into negotiations and agreements with government authorities /




11.

12.

13.

15.

municipal, local or otherwisej or any corporation, company or persons that may
seem conductive to the company's objects or any of them and to obtain from
any such governments, authority, corporation, company or person any charters,
rights, privileges and commission which the Company may think desirable and
to carryon exercise and comply with any such charters, contracts, decrees,

rights, privileges and concessions exclusively for conducting businesses as
specified in object clause(lil) (A)

To accept investments on repatriable / non-repatriable terms from any person,
institution,  firm, company or corporation with "the approval of competent
authorities and to allot shares on such investments on the terms and conditions

as may be mutually agreed upon with representations on the Board exclusively
for conducting businesses as specified in object clause(il) (A).

A

To carry on joint venture agreement, enter into partnership, to amalgamate or
merge with or to take or otherwise acquire & hold shares and / or other
securities of other companies having similar object and/or to buy, all interests,
assets, liabilities, stocks or to make any arrangement for sharing profits, union
of interests, co-operation, joint venture, reciprocal concession or otherwise with
any person, firm or company carrying on or proposing to carryon any business
which this company is authorized to carryon or which is capable of being
conducted so as directly or indirectly to benefit this company and to have
foreign collaborations and to pay rovalties / technical fees to coliaborators,
subject to the provisions of the Companies Ordinance, 1984 exclusively for
conducting businesses as specified in object clause(lil) (A)

To invest or deposit temporarily the funds of the Company not immediately
required in the manner the Board deems fit exclusively for conducting
businesses as specified in object clause (I} (A)

To Capitalize (by resolution of the Company in General Meeting) such portion of
the profits of the Company as are not distributed among shareholders of the
Company in the form of dividends as the Board of Directors of the Company
may think fit, and to issue bonus shares, as fully paid-up in favour of the
shareholders of the Company exclusively for conducting businesses as specified
in object clause{lll) {A)

To grant pensions, allowances, gratuities and bonuses to the employees,
officers, ex-employees and ex-officers of the Company or its predecessors in
business or the dependents of such persons, and to take over, funds, establish,
develop, endow or contribute to any plan, scheme or project or fund for any
such purposes, or to any other welfare fund as superannuation, sickness,
provident, accident fund or scheme, and to support or subscribe to any
charitable or other wuseful institutions, societies, clubs, organizations,
associations, fund and to subscribe or guarantee, money for or towards any
national, charitable, benevolent, publicly beneficial or otherwise useful purpose,
object, scheme, plan, fund or for any exhibition exciusively for conducting
businesses as specified in object clause(H!) (A)




27.

28.

29.

30.

31.

32.

33

34.

3S.

connection with any or calculated directly or indirectly, to enhance the value of
or render profitable any of the Company's property or rights exclusively for
conducting businesses as specified in object clause(ill) (A]

To enter into partnerships, or into any arrangement for sharing profits and
losses, or for any union of interests, joint venture, reciprocal concession or co-
operation with any person or persons, or companies carrying on, or engaged in
or about to carryon, or engaged in or being authorized to carryon, or engaged in
any business or transaction which this Company is authcrized to carryon or
engaged in, or in any business or transaction capable of being conducted, so as
directly to benefit this Company exclusively for conducting busingsses as
specified in object clause(lll) (A).

To remunerate any .person, firm or Company rendering services to ihis
Company, whether by the payment of cash or by the allotment of shares or
securities of the Company exclusively for conducting businesses as specified in
object clause(ill) (A).

To sell or otherwise dispose or for the whole or any part of the undertaking of
the Company for such consideration as the Company may think fit, and in
particular for shares, debentures or securities of any company purchasing the
same exclusively for conducting business as specified in object clause(lll) (A).

To have, keep, maintain and float subsidiary companies with objects similar to
its own and to have branches all over Pakistan or elsewhere exclusively for
conducting businesses as specified in object clause {Il1) {A).

To open any current, overdraft, cash-credit account or fixed account with any
bankers, or merchants, of the Company and to pay money into and draw money
out of such account exclusively for conducting businesses as specified in object
clause(ll) (A).

To pay all the costs, charges and expenses preliminary and incidental to the
promotion, formation, establishment and incorporation of the Company
exclusively for conducting businesses as specified in object clause(lil) {A)

To act and/or undertake and/or carryon the office or cffices so as to become,
Secretaries, supervisors, advisors, promoters, executors, Trustee committee,”
delegates, substitutes, receivers, liquidators or agents or any other office or
situation of trust or confidence of any Company, firm or person either
independently-or jointly with any other company, firm or person and to perform
and discharge the duties and functions incidental thereto, either gratuitously or

otherwise exclusively for conducting businesses as specified in object clause(lil)
(A)

To carry out the business of setting up retail or wholesale shops, branches and
agencies all over Pakistan or elsewhere so as to be able to dispose off the
various products this Company owns exclusively for conducting businesses as
specified in object clause{iil) (A)

To operate, contact, accomplish and establish service for and relating to the
activities of the Company in any aspect of trade, business or commerce and
otherwise relating to the same in Pakistan and abroad exciusively for conducting




We the several persons, whose names and addresses are subscribed below, are desirous
of being formed into a company in pursuance of this Memorandum of Association and
we respectively agree to take the number of shares in the Capital of the company set
opposite our respective names:

ame and Surname Father's/ Nationality Occupation Residential Nature of ‘
'resent and Former Husband’s with any Address in Shares Signature
in Full {(in Block name in full former full taken by _
Letters) nationality each f
subscriber 1
ful  Rashid Soorty |S/o Musa Soorty Pakistani Industrialist House No.  |7,500 (Seven xl
JIC No. 42301- 49/1, Thousand ,
111370-7 | Khayaban-e- Five |
% Shahbaz, Hundred |
? ‘ Phase Vi, only)
| DHA Karachi |
'hid Rashid Soorty §/0 Abdul Rashid Pakistani Industrialist House No. 37,200 (Thirty
_@o.  42301- Soorty a7/, Seven |
350250-7 | Khayaban-e- | Thousand | ',J'/

! Shahbaz, Two ./ |

| Phase VI, Hundred%/’/
DHA Karachi only) ‘
-gis Shahid Soorty { W/o Shahid Pakistani Industrialist House No. 300 (Three |
NIC No.  42301-| Rashid Soorty 47/1, Hundred ‘
541495-4 Khayaban-e- only) Y
Shahbaz, W{A’J!
Phase VI, —
DHA Karachi :
45,000 (Forty |
Total Five :

Thousand
only)
. Dated the /4 dayof APR/L 2015

Witness to above Signatures

Sheikh Muhammad

dullah

S/o Sheikh Siddique Muhammad
CNIC # 42401-7631806-1

Profession Service Address: Karachi

et hame
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THE COMPANIES ORDINANCE, 1984
ARTICLES OF ASSOCIATION
OF

NASDA GREEN ENERGY (PRIVATE) LIMITED

PRELIMINARY

Subject as hereinafter provided, the Regulations contained in Table "A” in the
First Schedule to the Companies Ordinance 1984, and other Provisions in the
Companies Ordinance 1984, shall apply Lo the company so far those are applicable
to private companies. In case of conflict between the provisions herein contained
and the provisions contained in Table A, the provision herein contained shall
apply.

Uniess the context otherwise requires, words or expression contained in these
regulations shall have the same meaning as given in the Ordinance; 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.

PRIVATE COMPANY

The Company is a Private Limited Company within the meaning of clause (28) of
Sub-section (1) of Section 2 of the Companies Ordinance 1984, and accordingly:-

{a) No invitation shall be issued to the public to subscribe for any shares,
debentures or debenture-stock of the company.

(b} The number of the members of the company (exclusive of the persons in the
employment of the company) shall be iimited to fifty; provided that for
purposes of this provisions, where two or more persons hold one or more
shares jointly in the company, they shalf be treated as a single member; and




10.

11.

12.

13.

14.

and the transferor shall be deemed to remain holder of the shares until the

name of the transferee is entered in the register of members.

TRANSMISSION OF SHARES

The executors, administrators, heirs or nominees, as the case may be, of a
deceased sole holder of a share shall be the only persons recognised by the
company as having any title to the share. In the case of a share registered in the
name of two or more holders the surviveors or survivor, or the executors or
administrators of the deceased survivar, shall be the only persons recognize by
the company as having any title to the shares.

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

by the deceased or insclvent person before the death or insclvency.

A person becoming entitled 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 was the registered holder of the share, except
that he shall not, before being registered as a member in respect of the share,

be entitled in respect thereof to exercise any right conferred by membership in
relation to meetings of the company

PROCEEDINGS AT GENERAL MEETING

The company shall hold an annual general meeting within eighteen months
from the date of its incorporation and thereafter once at-least in every calendar
year within a period of four months following the close of its financial year and

not more than fifteen months after the holding of its last preceding annual
general meeting.

Twenty one days’ notice at least, specifying the place, the day and the hour of
the General Meeting and, in case of special business, the nature of such special
business, shall be given to the members in the manner hereinafter mentioned
or in such manner as may be prescribed by the company in the general




22.

23.

24.

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.

(3) An instrument appointing a proxy may be in the common form and shall be
in writing.

A vote given in accordance with the terms of an instrument of proxy shall be
valid notwithstanding the previous dealh or insanity of the principal or
revocation of the proxy or the authority under which the proxy was
executed, fpr 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.

MANAGEMENT

The business of the company shall be managed and run by the Board of
Directars who shall exercise such powers as are necessary and expedient to
conduct and run the business of the company, including the powers to
make purchases and sales, appoint the officers and employees of the company
correspond with the suppliers, client and other customers, to make and sign all
contracts and to draw, accept, endorse and negotiate on behalf of the
company all bills of exchange, promissory notes, drafls, to institute,
conduct or defend any proceedings for or against the company before any
Court, Government or  Semi-Government  authority, Lo Cperate
bank account of the Company including the power to sub-delegate any of
their powers to any director or directaors or shareholder or other officer,
employee or alttorney of the company and generally to exercise all such
powers as are exercisable by the Board of Directors under the provisions of the
Companies Ordinance, 1984, or as may be specifically dele-gated to them by the
company in general meéting from time to time. A

The Board of Directors from amaong themselves shall appoint the Chief Executive
of the Company. He/she shall be designated as the Managing Director of the
Company. The Chief Executive shall perform such duties and exercise such
powers as are generally performed and exercised by the Chief Executive under
the provisions of the.Ordinance and as may be assigned or delegated to him/her -

by the Board of Directors, or the members in general meeting from time to
time,
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36.

QUORUM OF DIRECTORS

The quorum for the meeting of the Board of Directors Shall be fixed by the
directors and unless so fixed, shall be two.

Any casual vacancy occurring on the Board of Directors shall be filled up by the
remaining 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 appointed was iast elected a director.
RESIGNATION OF DIRECTORS

A director may, at any time, give one month's notice in writing to the company

of his wish to resign and at the expiration of such time, his office shall be
vacated.

PROCEEDINGS OF DIRECTORS

A resolution in writing signed by all the directors or by the majority of directors,
without any meeting of directors, shail be effective for the all purposes as a

resolution passed at a meeting of directors duly held, called and constituted.
BORROWING POWERS

The Board on behalf of the Company may from time to time borrow any sums of
money from the members, or banks at such terms & condition as, on behalf of
the Company, may be approved by the directors unanimously.

The Board may from time to time secure the payment of such money in such
manner and upon such terms and conditions in all respect 3s he may think fit
and in particular by the issue of debentures or bonds of’ the company or by
mortgage or charge of all or any part of the property of company for the time
being subject to such limitation as may be imposed by members in general
meeting.

THE SEAL

The Company shall have a seal and the directors shall provide for its safe
custody. tvery deed or instrument to which the seal is required to be affixed,
shall be sealed in the presence of at least one director and such director shall
sign every instrument to which the seal shall be affixed in is presence, such
signature shall be conclusive evidencev of the fact that the seal has been
properly affixed.




44.

45.

46.

description, at the address (if any) in Pakistan supplied for the purpose by the
person claiming to be so entitled, or (until such an address has been so
supplied) by giving the notice in any manner in which the same might have
been given if the death or insolvency had not occurred.

Notice of every general meeting shall be given in the same manner as here In
before authorized to:

every member of the company except those members who, having
no registered address within Pakistan, have not supplied to the company
address within Pakistan for the giving of notices to them,

*

every person erntitled to a share in consequence of the death or insolvency of a
members, who but for his death or insolvency would be entitied to receive
notice of the meeting, and

to the auditors of the company for the time being.

INDEMNITY

Every officer or agent for the time being of the company may be indemnified
out of the assets of the company against any liability incurred by him in
defending any proceedings, whether civil or criminal, arising out of
his dealings in relation to the affairs of the company except those brought by
the company against him, in which judgment is given in his favour or in which he
is acquitted, or in connection with any application under Section 488 in which
reliefis granted to him by the Court.

SECRECY

No member shall be entitied to visit or inspect any works of the company
without the permission of the directors or the Managing Director or to require
discovery of any matter or information respecting any details of the
company’'s business or any matter which may be in the nature of a
trade secret, or secret process which may relate to the conduct of business
of the company and which in the opinion of the directors or the Managing

Directors will be inexpedient in the interest of the company, to communicate to
the public.

Winding up

It the Company shail be wound up and the assets available for distribution
among the members shall be more than sufficient to repay the whole of the

-~




We the several persons, whose names and addresses are subscribed below, are desirous
of being formed into a company in pursuance of this Articles of Association and we
respectively agree to take the number of shares in the Capital of the company set
opposite our respective names:

Name and Surname Father’s/ Nationality Occupation | Residential Nature of ‘
(Present and Former Husband’s with any Address in Shares Signature
in Full {(in Block name in full former full taken by
Letters) nationality each
subscriber Ve
Abdu! Rashid Soorty IS/o Musa Soorty Pakistani Industrialist House No. 7,500 (Seven /
CNIC  No. 42301- 49/1, Thousand
0911370-7 Khayaban-e- Five
Shahbaz, Hundred
Phase VI, only)
DHA Karachi
"z Rashid Soorty §/o0 Abdul Rashid Pakistani Industrialist House No. 37,200
ne No. 42301- Soorty 47/, (Thirty
| 7850250-7 Khayaban-e- Seven |
Shahbaz, Thousand '
Phase Vi, Two / /
DHA Karachi Hundred |
only)
Nargis Shahid Soorty | W/o Shahid Pakistani Industrialist House No. 300 (Three
CNIC  No. 42301-| Rashid Soorty 47 /1, Hundred
8541495-4 Khayaban-e- only) , /{/\;"C
Shahbaz, W
4 —_—
Phase VI,
DHA Karachi
45,000
Total (Forty Five
Thousand
only)

Dated the_s4 day of /)P/?/Ib , 2015

Witness tc above Signatures

<.

Sheikh Muhammad A gﬂ%
S/o Sheikh Siddique Muhammad

CNIC#42401-7631806-1

Profession Service Address: Karachi
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DISCLAIMERS

. This report is prepared for the benefit of NASDA Green Energy (Pvt.) Ltd (the “Client”), and may
not be relied upon or disclosed to any other person for any purpose, other than as stated
below, without the Client’s prior written consent in each specific case. The information
contained in this report is intended to be used by the Client for such other purpose as may be
necessary for the development and implementation of the Project.

COPY RIGHT NOTICE |

The report and all the content remains the sole property of Renewable Resources (Pvt.) Ltd
(RE2) and may be used by the Client for the above-stated purpose. None of the information
contained and provided in the report may be modified, reproduced, distributed, sold,
published, broadcasted or circulated, in whole or in part, in any form or by any means, ’
electronic or print, including photocopying, or the use of any information storage and retrieval
' system, without the express written permission of RE2. Further, RE2 shall not be responsible for |
any kind of modification of this report and any text, photograph or illustrations, which are |
extracted from this report. Except with the prior written consent of RE2, this report is not to be |
referred or quoted in whole or in part, in any prospectus, registration statement, offering 5
circular, public filing, loan or other agreement or document.

Document Title: Consultant Name: Document No. Approval Date: |
Feasibility Study of 50MW Wind Project | Renewable Resources (Pvt.) Ltd RE2-141-187-001 March-16

|
for NASDA Green Energy (Pvt.) Limited by e Shonsor Document Issue: | Page |
i in Jhimpir- Sindh i

! Soorty Group 01




COMPANY CONTACT INFORMATION

1 NASDA Green Energy (Pvt.) Limited

26— A, S.M.C.H.S,
Off: Shahrah-e-Faisal, i

Karachi-74400 : |
Phone : +92-21-34315191-4

Address

~ Fax : +92-21-34315129

Website : www.soorty.com

Wagas Ahmed Phone: 021 -34315191-4  Wagas.ahmed@soorty.com !
| Manager Finance — HO Ext: 159 1
7 (Primary contact) Mobile: 0336-2502162 ;
Sheikh M Abdullah {CC) Phone: 021 - 34315191 -4 Muhammad.abdullah@soorty.com i

Contact Senior Manager Finance — HO Ext: 119

|

\

| |
| \
. Name Contact Number Email Address ‘
\

|

u

\

Mobile: 0301-8233635 |

?

Persons , ) _ , o !
| Abdul Aziz Panjwani (CC) Phone: 021 -34315191 -4  Aziz.panjwani@soorty.com i
r G M Finance — HO Ext: 106
' Shahid Rashid Soorty (CC) Phone: 021 — 34315191 -4  Shahid@soorty.com -
] Chief Executive Officer L
N
®
Document Title: Consultant Name: Document No. Approval Date: |
Feasibility Study of 50MW Wind Project | Renewable Resources (Pvt.) Ltd RE2-141-187-001 March-16 :

I
1 for NASDA Green Energy (Pvt.) Limited  ["prqioct Sponsor: Document Issue: | Page i
\ in Jhimpir- Sindh Soorty Group 01 ‘




RENEWABLE RESOURCES (Pvt.) LTD
1002, 10" Floor, Green Towers, Jinnah Avenue, Blue Area,
Islamabad lslamabad
Office ’ i
Tel: 0092 51 8358591 Fax: 0092 51 8358592
86/1,Khayaban-e-Bahria, Phase V, DHA, Karachi — Pakistan
Karachi Office |
Tel: 0092 2135347122 Fax: 0092 21 35347123 \
Website ' www.renewableresources.com.pk l
‘ Contact Person irfan Afzal Mirza, CEO
Email irfanmirza@renewableresources.com.pk
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DOCUMENT INFORMATION

Purpose and Scope:

The purpose of this report is to provide information required for the relevant agencies to make
an informed decision regarding the implementation and execution of this project. !
|
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1 EXECUTIVE SUMMARY

Located on the western stretch of the South Asian Continent, The Islamic Republic of Pakistan is
largely under the influence of a tropical desert climate. The thermal depression of South Asia
and the monsoon winds shape up Pakistan’s southern coastal areas and northern mountain
areas into a land rich in wind energy resources. The costal wind-energy-rich areas normally
refer to Southern Sindh and the vast plateau to the east and the northeast of Karachi city. The |
relative shortage of conventional energy resources in Pakistan and the hiking of fuel prices |
worldwide spurred the Pakistan Government to find alternative sources, including wind power.

Government of Sindh has formulated a policy to encourage the participation of private sector in |
the development and application of renewable energies. A Government organization called the
Directorate of Alternative Energy, Energy Department, Govt. of Sindh (DAE, ED, Sindh) has been
established to facilitate the implementation of renewable energy projects.

At present, six (06) wind power projects of approx. 50 MW each capacity each are in operation.
A total of eight projects (six of 50 MW each, one of 99 MW and one of 30 MW) have achieved
financial close and entered construction.

Soorty Enterprises (Private) Limited (SEL), the project sponsoring company, is established in
1984 under Companies Ordinance having its registered office in Karachi, Pakistan.

SEL is a vertical unit with core processes of Spinning, Denim Manufacturing (Weaving, Dyeing,
Finishing), Garments Manufacturing, Garments Wet Process. Current capacities of the company
are notable; spinning 1,100 bags of yarn per day, producing 3.3 million meters of Denim fabric
per month and producing 2.3 million pieces of garments per month.

For the year ended on June 30, 2015, following financial figures were achieved:
Revenue: Rs.25,642 millions

Estimated imports of Rs.3,000 millions.

Debt to Equity ratio of (0.03 : 1) 3%,

Leverage: 40% of the equity (0.4 : 1)

Current ratio - Current asset 1 : Current liabilities 0.57

and Total Assets amounted to Rs 27,088 millions

Soorty Group comprises of many associated and subsidiary companies such as:

LIBERTY POWER TECH LIMITED
Principal activity of the Liberty Power Tech Limited is to own, operate and maintain a residual
Furnace Oil power project with an installed capacity of 200 Megawatt near Faisalabad. The

Company commenced commercial operations on January 13, 2011 and since then remained in
production.
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SOORTY TEXTILES (BD) LIMITED

The Principal objects of the company with other object is to be 100% import and export

oriented Garment Industry in Bangladesh. Company has started its commercial operations since
January 2015.

SKYLINE ENTERPRISES (PVT.) LTD

The Principal activity of the Company is trading in securities and bonds. The registered office of
the company is situated at 26-A, S.M.C.H.S, Off: Sharah-e-Faisal, Karachi.

SOORTY INTERNATIONAL LTD

The Principal activity of the Company is trading in garments products, services and investments.

HALIMA MOOSA BENEVOLENT TRUST (HMBT)

The Principal activity of the Trust is to carryout philanthropic activities for the deserving and
needy class of the society for education, health, medical facilities or any other area where help
' can be extended for the improvement and wellbeing of any class of society.

Few major contributions to the society includes construction of blood bank in JPMC, Karachi,
Construction of ICU Ward # 4 in JPMC Karachi, Construction and running of TCF School Campus,
flood relief camps, earthquake relief activities, and other charitable and philanthropic activities.

NASDA Green Energy (Pvt.) Ltd is owned by sponsors of Soorty Enterprises (Pvt.) Ltd and is
interested in setting up a Wind Power Project of 50 MW capacity in Jhimpir, Sindh, Pakistan.
Renewable Resources (Pvt.) Limited (RE2) is the consultant for NASDA Green Energy (Pvt.) Ltd
for developing this project.
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1.1 PROJECT OVERVIEW AND SITE

The wind farm Project is located in Jhimpir, which is located approximately 77 km (aerial
distance) East of Karachi, Pakistan’s commercial hub and main coastal/port city. The Project site
consists of 360 acres of land, which has been acquired by the project company. The Karachi-
Hyderabad Motorway (Super Highway) and National Highway are the connecting roads to the
Project site. The Jhimpir wind corridor is identified as potential area for the development of
wind power projects. The overview of the project site is shown in Figure 1.
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Figure 1: NASDA Green Energy (Pvt.) Ltd Site overview

The Project Site has flat terrain with sparse vegetation, consisting of small shrubby bushes.

" Further details of Site are given in Section 07 and the Site Transportation and Access Study are

attached as Annex Il

Document Title: Consultant Name: Document No. Approval Date:
Feasibility Study of SOMW Wind Project | Renewable Resources (Pvt.) Ltd RE2-141-187-001 March-16

for NASDA Green Energy (Pvt.) Limited

, Mt Project Sponsor: Document tssue: | Page
in Jhimpir- Sindh

Soorty Group

19




1.1.1 Project Size

The Project site consists of 360 acres of land and the Project shall have an installed capacity of
50 MW

1.1.2 Project Status and Calendar

The project calendar is given on the next page:

A N —
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Table 1-1: Project Planned Milestones

2015 2016 2017 2018

Activity / Milestone . )
a"QmR | 1qQmR | 2™ QiR | 3“QTR | 4" QTR 1* QTR 2™QtrR [ 3“QmR | 4"qQ1R | 1"QTR | 2" QTR

Time consumed in Land
arrangement and Grid Data.

Preparation of Feasibility

Submission of Feasibility
Study

Approval of Feasibility Study

Generation License

Upfront Tariff

Signing of EPA

Signing of IA

Financial Close

Project Construction

Start of Operations L
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Table 1-2: Project Construction Scheduling

Activity / Month

12

13

14 } 15 | 16 | 17

18

Engineering and Mobilization

Construction of Temporary Establishment

_ Civil Works of WTGs and Substation

Construction of Substation

Supply of WTGs and Towers

Cables and Interconnection

Erection and Instaliation

Testing and Commissioning of EBOP

Testing and Commissioning of WTGs

EPA Tests and Reliability Run Test
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1.1.3 Wind Resource Assessment (WRA)

A separate study has been carried out for the WRA including complete analysis of wind data
and long term correlation.

1.1.4 Energy Yield Estimates

The energy yield estimates have been generated including development of wind farm layouts,
determination of energy yields and uncertainty assessments.

1.1.5 Geological Conditions

The Project area has a wide range of soil types due to its diverse land forms, which include
sandy, deltaic, alluvial, gravel, coastal, and mountainous.

The information related to geological conditions is given in Section 11. The detailed
Geotechnical Investigation Report is attached as Annex V.

1.1.6 Design of Civil Works

Information related to the civil works is given in Section 12.

1.1.7 Design of Electrical Works
Information related to the electrical works is given in Section 13.

The Project has an installed capacity of 50 MW, using wind turbine generators (WTG), each with
a capacity in the range of 1.5 — 3.3 MW and an output voltage of 0.62 - 0.69 kV. A substation
consisting of step up transformer and other BOP equipment will connect the farm to the 132 kV
power lines. The power from the turbine will be stepped up to Medium voltage (MV) through a
generator step up transformer which will be housed in a separate compartment in close
proximity to the wind turbine tower. Power from all the WTGs in the plant will be delivered to
the substation, and onwards to the grid via the step up transformers and HV switchgear, built
within the boundaries of the wind power plant. The switchgear gantries will be the point of
metering and connection to the 132 kV power lines.

Grid interconnection point and required reactive power compensation, if any, for the project
shall'be as per the findings of the grid interconnection study.

Please refer to the Grid Interconnection Study attached as Annex VI.
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1.1.8 Construction Management

Information related to the construction management is given in Section 14.

1.1.9 0 & M Management

The O&M shall be managed by the O&M Contractor for initial 2 years of Warranty Period
followed by a complete Field Service Agreement till end of five years of operations. The local
team shall remain part of the O&M and shall gradually take over after having On Job Trainings
(0JT).

O&M management will be established with the principle of requiring “few on-duty staff”. After
entering the electrical equipment and machinery to their stable operation mode, the wind
turbine and associated apparatus shall be managed with “no on-call staff and few on-guard
staff”.

The production area includes facilities such as generators, transformers, and the substation.
There shall be buildings for protection and control, telecommunication, DC power supply and
for administrative purposes.

1.1.10 Environmental Management
information related to the environmental management works is given in Section 15.

A separate environment study has been carried out. The Initial Environment Examination (IEE)
report is attached as Annex VIl

There are no significant hazards. The minor adjustments required during construction phase
have been addressed and mitigation plan provided. A data collection survey was also done that
included geology, meteorology, hydrology, ambient air quality, water quality, soil
characteristics, noise levels, shadow forecasting, flora and fauna, land use pattern, and
socioeconomic conditions.

1.1.11 Health and Safety

During the construction and operation of the Project, the guideline of “safety first, (accident)
prevention foremost” will be practiced. Comprehensive management and supervision will be
applied to all staff members and the whole operation process, in order to ensure safe operation
of the equipment and personal safety of workers.

A safety and health supervision department will be established on the wind farm, which is to be
in charge of the education, training and management of safety and health related issues after
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the project is put into operation. There will be safety personnel in the production section, and a
part-time worker for the routine safety and health work.

The systems of patrol inspection, operation guardianship, maintenance and over-haul will be i
established for the daily maintenance of production equipment, instruments and apparatus. I
The safety and health supervision department will provide sound meter and other appropriate |
inspection equipment, as well as necessary public education service for production safety. i
|
|

A comprehensive safety system will be established during the preparation phase, and carefully
implemented during the construction process. The systems of work sheet, operation sheet, |
shift relief, patrol inspection, operation guardianship, maintenance and over-haul will be strictly j
implemented. The Safety Regulation of the wind farm will also be carefully observed to
minimize accidents. ‘
|

1.1.12 CDM Aspect '

. The Project is a power generation project using a renewable resource with zero emissions.
When put into operation, the project can provide power supply to the southern Pakistan power
grid, which currently is mainly relying on fossil fuel. Therefore, it can help to reduce the
greenhouse gas emission from coal or oil-fired power generation. It can deliver substantial
environmental and social benefits. It is also consistent with the spirit of the Kyoto Protocol and
qualified for the application of CDM projects. |

The Project Company intends to develop a CDM project according to the provisions of the
prevailing Policy.
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1.2 LIST OF ANNEXURE

ANNEX - 1I: Transportation and Access Study Report
ANNEX - 1II: Wind Resource Assessment Report

ANNEX - 1V: Energy Yield Estimates Report

ANNEX - V: Geo Technical Investigation Report

ANNEX - VI: Electrical Grid Interconnection Study Report

ANNEX - [: Pakistan Energy Profile and Global Wind Energy Stats

ANNEX - VII: Initial Environmental Examination (IEE) Report

Presently, the Project plans to opt for upfront tariff. Therefore Annex ill and Annex iV, being not
required for an upfront tariff, are not being submitted for approval. If for any reason, the
Project is not able to opt for the upfront tariff, then the cost plus option will be opted and the
wind studies will be submitted to relevant departments.
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1.3 PROJECT TEAM.

1.3.1 NASDA Green Energy (Pvt.) Ltd

Soorty Enterprises (Private) Limited (SEL), are the project sponsors for NASDA Green Energy
(Pvt.) Ltd. SEL (Project Sponsors) is a vertical unit with core processes of Spinning, Denim
Manufacturing (Weaving, Dyeing, Finishing), Garments Manufacturing, Garments Wet Process.
Current capacities of the company are notable; spinning 1,100 bags of yarn per day, producing

3.3 million meters of Denim fabric per month and producing 2.3 million pieces of garments per
month.

Soorty Group comprises of many associated and subsidiary companies such as: LIBERTY POWER
TECH LIMITED, SOORTY TEXTILES (BD) LIMITD, SKYLINE ENTERPRISES (PVT.) LTD, SOORTY
INTERNATIONAL LTD, HALIMA MOOSA BENEVOLENT TRUST (HMBT)

NASDA Green Energy (Pvt.) Ltd is interested in setting up a Wind Power Project of 50 MW
. capacity in Jhimpir, Sindh, Pakistan. Renewable Resources (Pvt.) Limited (RE2) is the consultant
for NASDA Green Energy (Pvt.) Ltd for developing this project.

The Sponsors have a valid LOI from Energy Department Government of Sindh (“EDGOS”) and
has been allotted 360 acres of land in Jhimpir for which the GoS has already issued a land
allotment letter.
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1.3.2 Renewable Resources (Pvt.) Ltd - Project Consultant

www.renewableresources.com.pk

Renewable Resources (RE2) is the professional technical advisor for the Project. RE2 is a
consulting company specialized in Renewable Energy (RE), Energy Efficiency (EE) and
Environment (Env) Projects. The company is owned by group of professionals who have been
intimately involved in the renewable energy program of Pakistan, and have a fundamental
understanding of issues relating to power project development, which include but are .not
limited to feasibility studies, regulatory approvals, concession and security documents, and
applicable policies.

RE2 is capable of conducting full feasibility package featuring power production estimates, grid
interconnection and tariff model. RE2 also has the expertise to deal with all technical aspects
regarding the legal documents of power projects. The professional team of RE2 is well
acquainted with the policies, regulations, methodologies and standards of RE power Projects

. and its work output meets international standards. RE2 is presently a consultant for various
power Projects in Pakistan sponsored by local and international investors, with international
banks.

I
|

Document Title: Consultant Name: Document No. Approval Date:
Feasibility Study of 50MW Wind Project Renewable Resources (Pvt.) Ltd | RE2-141-187-001 March-16

i fi'r NASDA Grheen Energy (Pvt.) Limited in Project Sponsor: Document Issue: | Page

! Jhimpir- Sind Soorty Group 28




1.3.3 Power Planners International- Electrical and Grid Studies (PPI)

PPl is a limited company registered in England and Wales and has a team of highly skilled and
experienced professionals. Power Planners is also registered with Saudi Electricity Company
(SEC), with Pakistan Engineering Council and Alternative Energy Development Board, Pakistan.
It is a renowned company in power sector in the field of power system analysis and planning
especially in the areas of grid interconnection studies of renewable energy resources such as
wind, solar, small Hydel etc. PPl comprises of enterprising group of professionals to provide
consultancy services for:

¢ Feasibility studies of new power plants of any nature; Hydel, Thermal, Wind-Farms and
other renewable energy sources, and their interconnections with the main electrical
grid. A

*» Feasibility Studies for cross-border or cross-country interconnections of electrical grids
for power exchange.

*» Analytical studies for electric utilities, Independent Power Producers (IPPs),

. Independent System Operators (ISOs) and industries, that are planning to add new
facilities or seek solutions to problems in their existing systems to enhance power
quantity and guality to their customers.

¢ Preparation of engineering, design and specifications for new power projects.

% Training and developing the human resource in technical skills for power planning and
expansion of energy sources. PPl’s engineers possess highly specialized skills, vast and
profound experience, and expertise of the advanced and latest state-of-the art software
prevailing in the contemporary power systems industry.

The team at PPl comprises of engineers having a work experience of 10 to 30 years with utilities
and consultant companies in Pakistan and Middle East in the fields of transmission planning,

power system analysis, load forecasting and generation planning for systems of wide range of
operating voltages.
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2 COUNTRY AND INDUSTRY OVERVIEW

The detailed stats and situation of energy in Pakistan, specific information and prospects of
wind and international trends in wind power sector is given in Annex .

At this juncture, we are encountering the worst electricity crisis of the history of Pakistan
resulting in extended load shedding to an extent which virtually suspends social life. The
situation has further forced Government of Pakistan to again take decisions like early market

shutdown, power cutoff to industry, and two holidays per week thus affecting all business
activities.

Pakistan’s major electricity sources are thermal and hydro generation, meeting approximately
70% and 28% (respectively) of the country’s annual electricity demand. The primary thermal
generation fuels employed are furnace oil and gas. Oil import is a significant burden on the
national exchequer. Import of gas could be seen as a viable option to overcome the depleting
domestic reserves, but gas import has significant issues, mainly the need for substantial capital
investment in infrastructure, security difficulties and physical terrain concerns. Moreover, it
would still be an imported product.

Alternatives to further fuel imports for electricity generation are the use of domestic coal, or
generation from hydro or other renewable sources, such as wind / solar power. These options
will assist in reducing Pakistan’s reliance on imported oil, and consequent vulnerability to
changes in global oil prices which will in turn have a positive effect on the current trade deficit
and inflating import bill.

Looking at how the country’s future electricity needs might be met, wind has the potential of
being a strong contributor in future because of being an indigenous resource and available in
huge quantities in the country.
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3 REGULATORY REGIME

3.1 MINISTRY OF WATER AND POWER

Power sector Pakistan has a ministry overlooking the electricity business in the country and a
regulatory authority, independent of the ministry, to control the business practices in the
market. There are a number of stakeholders involved in the cycle:

“ Ministry of Water and Power

¢+ National Electricity Power Regulatory Authority (NEPRA)
*+ National Transmission and Dispatch Company (NTDC)

¢ Central Power Purchase Agency Guarantee Ltd. (CPPA-GL)

*+ Directorate of Alternative Energy, Energy Department, Govt. Sindh.

The federal Ministry of Water and Power is the GoPs executive arm for all issues relating to
electricity generation, transmission and distribution, pricing, regulation, and consumption. It
exercises these functions through its various line agencies as well as relevant autonomous
bodies. It also serves to coordinate and plan the nation’s power sector, formulate policy and
specific incentives, and liaise with provincial governments on all related issues.

3.2 NATIONAL ELECTRIC POWER REGULATORY AUTHORITY
(NEPRA)

NEPRA has been created to introduce transparent and judicious economic regulation, based on
sound commercial principles, in the electric power sector of Pakistan. NEPRA regulates the
electric power sector to promote a competitive structure for the industry and to ensure the
coordinated, reliable and adequate supply of electric power in the future. By law, NEPRA is
mandated to ensure that the interests of the investor and the customer are protected through
judicious decisions based on transparent commercial principles.

NEPRA remains to be the same platform for federal as well as provincial projects.
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3.3 NATIONAL TRANSMISSION AND DISPATCH COMPANY (NTDC)

NTDC shall be the power purchaser. National Transmission & Dispatch Company (NTDC) Limited
was incorporated on 3™ August 1998 and commenced commercial operation on 1st March
1999. It was organized to take over all the properties, rights and assets obligations and liabilities
of 220kV and 500kV Grid Stations and Transmission Lines/Network owned by Pakistan Water
and Power Development Authority (WAPDA). The NTDC operates and maintains nine 500kV
Grid Stations, 4,160 km of 500 kV transmission line and 4,000km of 220kV transmission line in
Pakistan.

For low voltage power such as 11 kV, the autonomous distribution companies (commonly called
as DISCOS) are the power purchasers. Functionally, DISCOs fall at a step lower than NTDC and
are looking after low voltage assets.

@ 34 CENTRAL POWER PURCHASE AGENCY GUARANTEE LIMITED
(CPPA-GL)

CPPA-GL is an agency to purchase power from Wind power plants on behalf of NTDC. CPPA-GL
acts as a one window for all affairs related to NTDC for the Project including signing of the
Energy Purchase Agreement (EPA), establishment of Operating Committee (OC), development
of Operating Procedures (OP), appointment of Independent Engineer (IE) and testing of the
Project leading to declaration of commercial operations. CPPA-GL also handles payments to the

Project against sale of electricity and all sort of Non Project Missed Volume (NPMV) under the
EPA.

3.5 Directorate of Alternative Energy, Energy Department, Govt. of
Sindh (DAE, ED, GOS)

The Directorate of Alternative Energy, Energy Department, Govt. of Sindh is responsible for
’ harnessing the alternative/renewable energy resources, addressed the relevant issues/matters
at provincial level, facilitates local and foreign investors and donors for promotion and
implementation of alternative energy/renewable energy projects, plan and implement project
through public funding, foreign grants, loans etc. and design alternative energy policy for
province and review it from time to time.

| Document Title: Consultant Name: [ Document No. Approval Date:
; Feasibility Study of 50MW Wind Project Renewable Resources (Pvt.) Ltd | RE2-141-187-001 March-16

| for NASDA Green Energy (Pvt.) Limited i ['poioct Sponsor: Document Issue: | Page

{Jhamp}r- Sindh Soorty Group




4 CARBON CREDITS

The Kyoto Protocol to the United Nations Framework Convention on Climate Change will
strengthen the international response to climate change. Adopted by consensus at the third
session of the Conference of the Parties (COP) in December 1997, it contains legally binding
emissions targets for Annex | (industrialized) countries. By arresting and reversing the upward
trend in greenhouse gas emissions that started in these countries 150 years ago, the Protocol "
promises to move the international community one step closer to achieving the Convention’s |

ultimate objective of preventing dangerous anthropogenic [man-made] interference with the
climate system.

The developed countries are to reduce their collective emissions of six key greenhouse gases by
at least 5%. This group target will be achieved through cuts of 8% by Switzerland, most Central :
and East European states, and the European Union (the EU will meet its group target by |
distributing different rates among its member states); 7% by the US; and 6% by Canada,
. Hungary, Japan, and Poland. Russia, New Zealand, and Ukraine are to stabilize their emissions,
while Norway may increase emissions by up to 1%, Australia by up to 8%, and Iceland 10%. The
six gases are to be combined in a “basket”, with reductions in individua! gases translated into
“CO; equivalents” that are then added up to produce a single figure.

Each country’s emissions target must be achieved by the period 2008 - 2012. it will be
calculated as an average over the five years. “Demonstrable progress” must be made by 2005.
Cuts in the three most important gases carbon dioxide (CO;), methane (CHg), and nitrous oxide
(N,0) will be measured against a base year of 1990 (with exceptions for some countries with 1
economies in transition). Cuts in three long-lived industrial gases — hydro fluorocarbons (HFCs), f
per fluorocarbons (PFCs), and sulfur hexafluoride (SFg) - can be measured against either a 1990
or 1995 baseline. A major group of industrial gases, chlorofluorocarbons, or CFCs, are dealt with
under the 1987 Montreal Protocol on Substances that Deplete the Ozone Layer.

Actual emission reductions will be much larger than 5%. Compared to emissions levels
projected for the year 2000, the richest industrialized countries (OECD members) will need to

reduce their collective output by about 10%. This is because many of these countries will not
‘ succeed in meeting their earlier non-binding aim of returning emissions to 1990 levels by the
year 2000, and their emissions have in fact risen since 1990. While the countries with ;
economies in transition have experienced falling emissions since 1990, this trend is now
reversing. Therefore, for the developed countries as a whole, the 5% Protocol target represents

an actual cut of around 20% when compared to the emissions levels that are projected for 2010 i
if no emissions-control measures are adopted. |

The Kyoto Protocol provides that nations can redeem a part of their climate protection
commitments by implementing projects aimed at reducing emissions in other countries. These |
projects are primarily to be carried out by the private sector. |
\
{
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These investment projects can financially benefit from generating additional emissions
reductions as compared to a business as usual case.

4.1 EMISSION REDUCTION MECHANISMS

There are three methods in Kyoto Protocol which permits the acquisition of emissions credits
by means of project-based investment abroad.

4.1.1 Emissions Trading

Emission trading or Carbon Trading involves trading carbon emission credits within nations.
Allowances are created, thereby making emissions a commodity that can be traded between
industries etc. The Kyoto Protocol says that it is ok to trade in emissions, but that it should not
be the major means to achieve one's commitments. Some European countries and corporations
have started implementing such programs to get a head start and to see how well it will work.

4.1.2 Clean Development Mechanism (CDM)

Clean Development Mechanism (CDM) allows richer countries to offset their CO; emission
against the emissions prevented when technology that cuts down on greenhouse gas emissions
is deployed in poor countries.

4.1.3 Joint hnplementation (jI)

Joint Implementation (also known as Activities Implemented Jointly) is where developed
countries invest in emission-reducing activities in other industrialized countries, and gaining
reduction units as a result.

l -
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~ PROJECT

4.2 ROLE OF CDM IN THE NASDA GREEN ENERGY (PVT.) LTD

The Project is a power generation project with renewable resource and zero emission. When
put into operation, the project can provide power supply to the southern Pakistan power grid,
which currently is mainly relying on fossil fuel. Therefore, it can help to reduce the greenhouse
gas emission from coal or oil-fired power generation. It can deliver significant environmental
and social benefits. It is also consistent with the spirit of the Kyoto Protocol and qualified for
the application of CDM projects. If the project is approved and registered as a CDM project,
CERs can provide extra financial resource for the project. It will provide favorable conditions for
the project financing, improve competitiveness of the project, and reduce investment risk
during the project implementation process. The CDM benefits in the Project (if incurred) shall
be availed according to the provision in the Policy.
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5 WIND INDUSTRY IN PAKISTAN

5.1 CURRENT STATUS OF WIND IPPs IN PAKISTAN

The wind energy sector of Pakistan has been matured in the last few years. The major
impediments delaying the development of wind power projects have been removed. Wind data
of almost 10 years is available for two locations, i.e. Gharo and Jhimpir. All the stakeholders are
now at the same frequency and are fully motivated to facilitate the development of wind power
in the country.

Initially very few suppliers wanted to come to new market like Pakistan. But now most of the
suppliers are keen for the Pakistani market. One factor could be the Pakistani market getting
matured. Now GE, Nordex, Vestas, Gamesa and Goldwind are all active in the market.

‘ 5.1.1 Letter of Intent (LOI)

i
\
The total number of LOIs issued by AEDB and DAE, Energy Department, Govt. of Sindh for i
various projects till date are in the range of 100. \
J
|

5.1.2 Land Allocation by AEDB / GOS

AEDB and DAE, Energy Department, GoS have got approx. 31,000 acres of land from GOS and
further allocated land to Wind IPPs.
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5.1.3 Projects at Advanced Stages

Total of six (06) different projects with capacity of more than 300 MW have achieved their
CODs. Following projects have started their commercial operations:

FFC Energy Ltd 49.5 1st Quarter 2013
Zorlu Energy 56.4 2nd Quarter 2013 |
Foundation Wind Energy | : 50.0 1st Quarter 2015 |
Foundation Wind Energy Il 50.0 4th Quarter 2014
Three Gorges First Wind Farm Pakistan 49.5 4th Quarter 2014
(Pvt) Ltd

. Lib Sapphire Wind Energy Ltd 52.8 4th Quarter 2015

Following projects have achieved financial close during 2014-15 and are currently under
construction:

anus Energy Ltd. 50.0
Metro Power Company Ltd. 50.0
Gul Ahmed Wind Power Ltd. 50.0
UEP Wind (Pvt) Ltd. 99.0
Master Wind Energy Ltd. 52.8
o “'65  Tapal Wind (Pvt) Ltd. 30.0 |
: HydroChina Dawood Power (Pvt.) Ltd. 495 ‘
Tenega Genarsi Ltd. 49.5 E
|
7
|
|
|
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5.1.4 Projects at Advanced Development Stages

Following projects have reached the Generation License / Tariff stage:

HAWA Energy (Pvt) Ltd 49.3

Jhimpir Power Ltd 49.3

Hartford Energy (Pvt) Ltd 49.3

Tricon Boston 1 49.3

Tricon Boston 2 49.3

Tricon Boston 3 49.3

Three Gorges Second Wind Farm Ltd 49.5

‘ Three Gorges Third Wind Farm Ltd 49.5
: Western Energy Ltd 49.5

5.1.5 Projects at Initial Development Stages

During 2015-16, various projects got their LOIs and lands from DAE, Energy Department, GoS.
The approvals of land have been done. All these projects are currently at different stages of
feasibility study and EPC bidding. Some of these include:

Master Green Energy Ltd

100.0
Metro Wind Power Ltd 60.0
Gul Ahmed Electric Ltd 50.0
P ACT2 Wind (Pvt) Ltd 50.0
‘ Artistic Wind Power (Pvt) Ltd 50.0
Uni Energy Ltd 50.0
Zulaikha Energy (Pvt.) Ltd. 50.0
Noor Solar Energy (Pvt.) Ltd 50.0
Lakeside Energy (Pvt.) Ltd 50.0
NASDA Green Energy (Pvt.) Ltd 50.0
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5.2 TARIFF REGIME IN PAKISTAN

5.2.1 Negotiated Tariff for Wind IPPs

The initial regime was of a negotiated tariff, which is still applicable. The Project Company
justifies all expenses and financial position to NEPRA through a petition. The NEPRA in return
determines the project tariff on a “cost plus” basis. The Project Company is allowed 17% IRR on
the equity. There are four projects so far at cost plus tariff and all are currently in operation
phase.

5.2.2 Upftront Tariff for Wind IPPs

NEPRA has announced a few upfront tariffs from time to time during past. The wind risk lies
with the project company for upfront tariff. In lieu of it, the project companies can create cost
efficiencies and draw maximum benefits from this “take and pay” basis. The indexations such as
. LIBOR / KIBOR, USS and inflation are available.

The current upfront tariff allows full payment till an annual capacity factor of 35% is achieved.
Afterwards, the tariff decreases to 75% from 35% till 36% capacity factor is achieved. Then the
tariff starts rising, reaching 80% from 36% till 37% capacity factor is achieved. Thereafter, the
tariff regains its 100% value. This scheme is to intensify the high efficiency WTGs.

Most of the projects now prefer upfront tariff. NASDA Green Energy (Pvt.) Ltd will also be
opting for the upfront tariff.

|
|
|
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6 PROJECT IN TERMS OF POLICY FRAMEWORK

6.1 LETTER OF INTENT (LOI)

First step was to obtain Letter of Intent from DAE, Energy Department, GoS, which was
accomplished on 14" July, 2015. This letter entitled the Project Company to start working on
wind power project at official level and get support from DAE, Energy Department, GoS and
other government departments in the preparation of feasibility study and acquisition of land
for the project. The feasibility is being submitted before expiration of LOI and in accordance
with the timeline mentioned.

6.2 ACQUISITION OF LAND

The land has been acquired by the project company from the Government of Sindh in terms of
legal formalities.

6.3 FEASIBILITY STUDY

The feasibility study of the Project is being finalized in this document.

6.4 GENERATION LICENSE

Rights to produce and sell electricity in Pakistan are granted by NEPRA through “"Generation
License”. Project Company will file an application to NEPRA for Generation License which
authorizes a company to produce and sell electricity in the country.

6.5 TARIFF DETERMINATION

A separate application shall be prepared for approval of upfront tariff.
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6.6 LETTER OF SUPPORT (LOS)

Once the tariff is approved, the Project Company is required to move for arrangement of
financing. DAE, Energy Department, GoS will issue tripartite Letter of Support for the Project
Company giving government guarantees until EPA and IA are fully effective to ensure sponsors
and lender of the full government support. A bank guarantee of USS 2,500 / MW shall be
required to be submitted by the Project Company before issuance of LOS.

6.7 ENERGY PURCHASE AGREEMENT (EPA)

Agreement between the Power Purchaser and the Project Company is called Energy Purchase
Agreement (EPA). This agreement lists terms and conditions for the sale and purchase of
electricity between the two companies. As soon as the feasibility study is submitted and
upfront tariff is filed, the Project Company shall enter into the discussions of EPA. This is going
to be a significant step in the project development.

6.8 IMPLEMENTATION AGREEMENT (IA)

The Implementation Agreement (IA) provides security to the sponsors and lenders against the
performance of the power purchases through guarantees from Government of Pakistan. Its
discussions shall start alongside the EPA.

6.9 FINANCIAL CLOSE

Upon approval of feasibility study, grant of generation license, determination of tariff and the
signing of project documents (EPA and IA); the Project Company shall move forward to
complete the financial close. However, the discussions with lenders have already been started.

h
|
i
i
‘

¢
{

Document Title: Consultant Name:
Feasibility Study of S50MW Wind Project Renewable Resources (Pvt.) Ltd

for NASDA Green Energy (Pvt.) Limited in
Jhimpir- Sindh

Document No. Approval Date:
RE2-141-187-001 March-16
Project Sponsor: Document Issue: | Page
Soorty Group 41




7 PROJECT SITE

7.1 WIND CORRIDOR OF PAKISTAN

Pakistan has a 1046 km long coastal line with a very encouraging wind regime. According to a
study carried out by NREL and the wind masts installed in the Gharo and Keti Bandar wind
corridor, the average wind speed in the region is 7.4 m/s making a regional potential of more
than 50,000 MW. Wind Map of Pakistan by NREL is shown in Figure 3.
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Figure 2: Wind Map of Pakistan by NREL
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Based on the wind potential, Government of Pakistan initiated the wind power projects and
facilitated land to the potential investors. The lands were allocated in Gharo, Bhambore and
Jhimpir, where different wind power developers have taken the land. Later, GOS started
facilitating the developers with land as well. The Sponsors have a valid LO! from Energy
Department Government of Sindh (“EDGOS”) and has been allotted 360 acres of land in Jhimpir

for which the GOS has already issued a land allotment letter.

An overview of the project site allocated in Jhimpir region is shown in Figure 3:
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Figure 3: Overview of NASDA Green Energy (Pvt.) Ltd Site |
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7.2 SITE DETAILS

The site is located in Jhimpir, Sindh which is towards the North East of Karachi as shown in
Figure 4.Figure 1

W O coo
R : . F E ,

- Sl fefeal) - W
e 2
bty e

Figure 4: NASDA Green Energy (Pvt.) Site Location

The electrical network within the vicinity of the site of the plant comprises of LV (11 kV) and HV
(132 kV and 220 kV) lines.

Hyderabad Electrical Supply Company 132/11 kV grid station is DISCO in Jhimpir. Nearest Grid is
New Jhimpir Grid. The distance of the grid station from the Project site is approximately 20
kilometers.

. A separate electrical and grid interconnection study will be conducted for the project including
Power Quality, Load Flow, Short Circuit and Power Evacuation.

The site is nearly flat with the surroundings having same characteristics.
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7.3 TRANSPORTATION AND ACCESS NETWORK

A Transportation and Access Study has been carried out and is attached as Annex Il.

The major section of track from Karachi to the site is via the National and Super high-way. The
track is a multi-lane road. It has a flat terrain, and long and heavy vehicles can easily navigate
through this road. However, access to the site is not suitable for heavy transport for a minor

segment of the track, hence requires track maintenance from M-9 Super high-way turning point
up until the Project site.

There are many neighboring wind farms in the surrounding area of Thatta. The site is located in
Jhimpir, Sindh that is towards the East of Karachi and within the same corridor as many other
wind power projects.

The Bin Qasim port, which is one of the major ports of Pakistan, is the point of delivery of
| equipment for the proposed wind power project. The details are given in Annex |l
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7.4 CLIMATIC CONDITIONS

The climate of the southern parts of Sindh is characterized by fluctuating temperatures and
sparse rainfall. The summers are hot and humid with average temperature ranging between
33°Cto 40°C. The temperature in summers may reach up to 50°C. The winters are pleasant with
average temperature in the range of 15°C to 25°C. The months of July and August generally
observe the annual monsoon rainfalls. The climate information of Karachi, which lies near to
the site, is shown in table below:

Table 7-1: Maximum & Minimum Temperatures in Jhimpir Region'

Table 7-2:

PR i Tl e sy e N e
6mm 7mm 6mm 5mm 12mm 21mm 50mm 13mm 3mm Omm 16mm
1 0 1 0 1 3 4 1 0 0 1

! Meteorological Department of Pakistan
’ Meteorological Department of Pakistan

Document Title: Consultant Name: Document No. Approval Date:
Feasibility Study of 50MW Wind Project ] Renewable Resources (Pvt.) Ltd | RE2-141-187-001 March-16
for NASDA Green Energy (Pvt.) Limited in  F'pr 50 et Sponsor: Document Issue: | Page

Jhimpir- Sindh {Soorty Group 46




7.5 TELECOMMUNICATION

PTCL telephone service is not available but mobile carriers have coverage on the site area.

7.6 EARTHQUAKES

According to the seismic zoning map of Pakistan, the Jhimpir region falls in ZONE I-B with
moderate to severe damage area probability. This has been separately covered in the Geo
Technical Study and the Initial Environment Examination Report.
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8 WIND RESOURCE ASSESSMENT AND ENERGY
YIELD ESTIMATES

The detailed wind resource assessment report and energy yield estimates have been prepared
as Annex Il and Annex IV of this document respectively. At present, these studies are not being
submitted with this feasibility study to DAE, Energy Department, GoS as the Project plans to opt
for the upfront tariff determined by NEPRA.

|
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9 SELECTION OF WTG AND EPC CONTRACTOR

NASDA Green Energy {Pvt.) Ltd is currently working on the selection of following WTG suppliers
and EPC Contractors. The details of EPC Contractors and WTGs offered by them are as follows:

DESCON ? * GeneralElectric GE1.7-103
e Gold‘»\(yigdﬂGW 121-2.5

Power China : ¢ General Electric GE 1.7-103
e General Electric GE 2.75
¢ Gold Wind GW 121-2.5
o Gamesa G114-2.0 i

Nordex - .« Nordex N131-3000 | ; .
Vestas e Vestas V126-3.3 *

Turnkey EPC proposals have been invited through a bidding process, which will be evaluated on
merit and then initial meetings shall take place with all bidders. Following this, detailed
negotiations will be done with the two better prospective options to make a final selection.

The main aspects to select the WTG and EPC Contractor are as follows:

a) The quality of WTG and Type Certification according to site suitahility
b) The quality and certifications of EBOP equipment
c) The ultimate energy yield potential at P90 for the Project
d) The total EPC cost and resultant tariff / IRR
e) Technical guarantees, warrantees and obligations
‘ f)  Time for Completion
g) The commercial and legal terms of the EPC package

At the moment, the entire feasibility is based on all WTGs mentioned in this section. The
Project plans to make a final selection of the WTG and EPC Contractor by the time the stage for
Generation License and Tariff of the Project is reached.
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10 GEOLOGICAL CONDITIONS

In order to collect detailed regional geological information, NASDA Green Energy (Pvt.) Ltd
hired professional services of Soil Testing Services—Pakistan Alternative Engineering Services
(Pvt.) Ltd: a Pakistani local prospecting agency to conduct field exploration and drilling of (06)
bore holes on the Site during February, 2016. The average drilling depth is 20 m. The complete
Geotechnical Investigation Report is report is attached as Annex-V.

10.1 OBJECTIVES OF GEOTECHNICAL STUDIES

“ To execute 06 boreholes, at the site of each proposed turbine location, 20m in depth.
To execute field and laboratory geotechnical testing.
»* To investigate the surface and sub-surface soil condition, to evaluate foundation design

5
.

‘ parameters.
*» To provide shallow and deep foundation recommendations.
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10.2 GEOLOGY OF KARACHI REGION AND SURROUNDINGS

Geologically Karachi trough is located on the southern extension of the Kirther folded
structures. It carries marine terrigenous and calcareous terrigenous Oligocene and Neogene
sediments. Geological structure map of Karachiis shown in figure above.

The folds in the Palaeogene and Mesozoic sediments are overlain by the Oligocene-Neogene
sediments of Karachi embayment,

The Karachi trough is delineated by the north-trending severely deformed mountain ranges
namely Mor Range, Pab Range and Belaophiolite/mélange zone to the west. It is surrounded
by Kirther Range to the north and to the east, and by the Indus delta and the Arabian Sea
Creeks to the south-east and south. In the south, the Karachi structural embayment opens to
the Arabian Sea. The trough is somewhat an asymmetrical Synclinorium.

The eastern limb of this trough is wider and comparatively greater than the western limb. The
prominent strikes of the folds of the trough are sub-meridional north-south changing into
southwestern direction in the south. The trough may be sub-divided into three principal regions
named below:

°

*+ Northern Relatively Uplifted Region
*» Southern Sub Merged Region

o

v Western Monocline

The tectonic map of Pakistan, Geological and Sub Surface details of Jhimpir are shown in Figure
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Figure 5: Tectonic Map of Pakistan
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Figure 6: Geological and Sub Surface details of Jhimpir
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10.3 SEISMOLOGY OF KARACHI REGION

Table 10-1: Earthquake Records around Karachi

1962 24.70 66.00

1965 25.03 66.76

1966 25.00 68.00

¢ 1968 24.61 66.42
: 1970 25.28 66.65
1971 25.00 68.00

1972 2535 66.71

1973 25.00 68.00

1973 25.48 66.33

1975 25.50 66.80

! 1975 25.22 66.59

| 1976 24.96 70.38

| 1984 25.86  66.41

; 1985 24.90 67.39
1986 25.34 66.60

® 1992 25.25 67.76
1996 2506 . 66.76

1998 25.69 66.46

1998 24.85 66.35

4.50
4.50
5.00
4.10
4.90
4.50
4.50
5.00
4.90
4.50
4.70
4.70
5.00
5.00
4.60
3.60

4.40
4.50

=< <

< <<

The region is surrounded by some active fault lines; namely Pab Fault, Ornach Nal Fault and
Runn of Kuch Fault. The history of earthquakes in Karachi is given in table below:

Karachi
Karachi
Jhimpir
Karachi

Karachi

Jhimpir
Karachi
Gadani
Karachi
Karachi
Karachi
Karachi
Karachi
Karachi
Karachi
Karachi

Karachi

! Document Title:

| Feasibility Study of SOMW Wind Project
for NASDA Green Energy (Pvt.) Limited in

’Jhnnph—ﬁndh

Consultant Name:

Document No.

Approval Date:

Renewable Resources (Pvt.) Ltd | RE2-141-187-001 March-16
Project Sponsor: Document Issue: | Page
Soorty Group 54




Figure 7:

Table 10-2: Seismic Parameters of Karachi

UBC Zone

Seismic Hazard

Max Peak Ground Acceleration

The seismic parameters of Karachi region are given in the table below along with the map in

2B
16% - 20% of ‘g’ (g = 9.8 m/s?)

Upper Moderate

Magnitude (Richter Scale) 551t06.5
Intensity (MM Scale) VI =Vl |
i
|
f
!
!
|
i
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Figure 7: Seismic Map of Pakistan
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10.4 FIELD WORK

10.4.1 Borehole Drilling

The drilling and sampling work has been performed using the standards, procedures and
equipment’s recommended for engineering site investigation. All borings were advanced
through soil between sampling intervals by rotary wash methods, using rotary drilling machines
of hydraulic feed. These machines are most suitable to the site conditions with all accessories
for extending the bore to required depths, taking samples and performing the necessary onsite
tests. Minimum drilling fluid consisting of water bentonite slurry was used for flushing out the
cutting to provide a positive head and to maintain stability of the drilled hole. The boreholes
were also stabilized using casing with a nominal diameter of 130mm. A drag bit was used to
advance the boring. Observations during drilling such as change of strata, texture, color and
drilling difficulties were noted. The soil layers encountered in the borehole were visuzally
classified and were later upgraded as per laboratory test results. Few samples were obtained
from split spoon sampler after performing standard penetration test (SPT). A number of core
samples were preserved. The samples were cleaned, labeled and put in especially made core-
boxes for onward transmission to the laboratory for testing. Special care was taken during
handling and transportation of samples.

10.4.2 Rock Core Drilling

Rock core drilling relates to the procedure in which underlying rock is investigated by coring so
as to obtain samples for classification, to determine the quality of rock, and to check for
possible detrimental properties such as cracks, fissures and weathering or other deterioration
that could affect the strength of the formation. To obtain rock core samples, NX diameter core
barrels with special bits were used. Under rotary action, the core bit advances into the rock. A
circulating supply of water was provided in the cutting edge to help flush rock cuttings and
dissipate heat. “Core Runs” were made to drill the hole in segments. At the completion of a
core run, the barrel and rock sample were brought to the surface, the depth of recovery was
properly recorded for further evaluation in the laboratory. Based on the length of the rock core
recovered from each run, core recovery (C.R.) and rock quality designation (RQD) were
calculated for a general evaluation of rock quality encountered. Suitable core samples were
preserved for shear strength characteristics.
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10.4.3 List of Field and Lab Tests

Geotechnical laboratory testing was carried out on retrieved disturbed soil samples. The
following are the relevant tests carried out on selected samples as required for determining the
subsurface conditions and correlating with the information obtained from field testing and
sampling:

S
0

Grain Size Analysis

Liquid and Plastic limits

Natural Moisture Contents

Density

Specific Gravity

Direct Shear Test

Unconfined Compressive Strength of Rocks
Chemical Test

DS
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-
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-
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0
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10.5 CONCLUSIONS OF GEOTECHNICAL STUDIES

The Geo technical Investigation for NASDA Green Energy (Pvt.) Ltd Wind Power Project in
Jhimpir, Sindh was carried out in Feb, 2016. Scope of work included drilling of (06) bore holes
up to 20 meters depth. Soil ERS was also conducted at 06 location across the site. Soil and rock
samples were also collected during the field investigation. Laboratory testing of the soil and
rock samples has been carried out in STS lab which includes natural moisture content, specific
gravity, water absorption, density, unconfined compressive strength etc. Chemical
characteristics of the soil and ground water samples have also been assessed through
determination of total dissolved solids, sulphate content, chloride content and pH. Keeping in
view, the results from field, and laboratory tests and the expected loads being transferred to
the founding stratum, allowable bearing pressures for shallow foundations at depth of
1.5meters. Exposure to chloride and sulphate salts is ‘negligible’ for soil, therefore, Ordinary
Portland Cement (OPC) should be used for underground concreting.
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11 CIVIL ENGINEERING DESIGN

The civil engineering design mainly includes following structures:

.

Foundation of WTG Towers
Foundation of substation and grid interconnection apparatus, i.e. transformer, switchgear.
«» Construction of permanent buildings (residence and offices) of 0&M staff.

.
o
oo
*
0

The design activity of the civil works shall be carried out as part of the EPC contract during early
phase of construction. However, the geo technical risk shall lie under contractor’s responsibility
as per the terms of the EPC Contract.

Document Title: Consultant Name: Document No. Approval Date:
Feasibility Study of 50MW Wind Project Renewable Resources (Pvt.) Ltd | RE2-141-187-001 March-16
for NASDA G imi i :

| for NASDA Green Energy (Pvt.) Limited in Project Sponsor: Document Issue: | Page

| Jhimpir- Sindh

‘ Soorty Group




12 ELECTRICAL ENGINEERING DESIGN

The basic electrical design of the wind farm is discussed in this chapter. The overall electrical
system has been designed considering the data from HESCO/NTDC and requirements of the
grid code addendum for wind energy approved by NEPRA. As part of the grid interconnection
study (attached as Annex VI), complete modeling of the wind farm has been performed. Load
Flow Studies, Short Circuit Analysis, and Transient Stability Analysis along with the Power
Quality Analysis have also been performed on the existing and future planned HESCO/NTDC
network as part of the report.

The dispatch voltage shall be 132 kV. There will be a two-stage step voltage, one step up to MV
level at each WTG level through individual GSUs, and the other at the substation. The MV level
shall be at either 22 kV or 33 kV. The Wind Farm shall have two 132 kV outgoing lines to keep
the N-1 grid connectivity criteria. The termination points of the lines on the two remote ends
have been identified, which will be firmed up during the construction phase by NTDC
considering the network scenario at that time. The protection and telecommunication scheme
will be accordingly finalized at that time.

The Wind Farm shall be divided into collector groups, each having approx. five (05) WTGs. Every
WTG shall be equipped with own step-up transformer and shall be connected with the
successive WTG by means of Ring Main Units (RMU) and vacuum breaker in configuration
infout. The connection of the RMUs to the main MV Switchgear shall be achieved by under-
ground XLPE insulated single core aluminum conductor. The MV Switch gear shall have two bus
sections with bus-coupler device, each feeding half of the WTG groups. It will also feed auxiliary
transformer and capacitor bank to meet the power factor requirements of the national grid
code (0.95 lagging).

The 132 kV substation shall consist of two bus sections of a single bus bar with a coupler and
two breaker bays to connect main transformers with the 132 kV double circuit overhead lines
(OHL). The Main Transformers shall meet the N-1 grid code criteria and thus may be two (02) in
number (31.5/40/50 MVA each). The instrumentation transformers (CTs, VTs and CVTs) for all
purposes shall be sized according to requirement. The 132 kV OHLs from the Wind farm
substation to the 132 kV to far end connection points (whether adjacent grid stations or
neighboring project substations) are out of the scope of the contractor and shall be installed
and connected by NTDC. The HV/MV switchgear, main power transformer and other protection
equipment shall be of reputable manufacturers, confirming to the requirements to be spelled in
detail in the EPC Contract and in the EPA. Further, the detailed electrical design will be subject

to approval of both NASDA Green Energy (Pvt.) and NTDC as per the requirements of EPC
Contract and EPA.

In this regard, the concept mentioned in this section serves as guidelines and firm design will be
prepared during construction phase, which may be somewhat different from predicted here.
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13 CONSTRUCTION MANAGEMENT

Like all wind power projects in Pakistan, the structure of EPC contract is on a “turnkey” basis.
Everything shall be managed from one pilatform (one window) of the EPC contractor. The
partners of EPC contractor shall be underneath that platform through “subcontracting” or
“joint and several arrangements”. In this way, the role of NASDA Green Energy (Pvt.) Ltd shall
become to supervise and monitor everything.

NASDA Green Energy (Pvt.) Ltd personnel will supervise construction activities right from the
beginning. NASDA Green Energy (Pvt.) Ltd team will monitor the construction schedule, owner’s
engineers and the EPC contractor to complete the project within given time frame and in-line
with HSE guidelines.

NASDA Green Energy (Pvt.) Ltd requires careful management for construction. To achieve this,
NASDA Green Energy (Pvt.) Ltd will prepare a Construction Management Master Plan taking
into account all relevant aspects. The master plan shall be regularly reviewed, updated and
shared with all project stakeholders.

Construction Management Plan depends on the nature of work, likelihood of disruptions,
impact on local amenity, dangers or risks involved and any other relevant issue required to be
addressed under the planning permit.

In order to manage all the above operations correctly, NASDA Green Energy (Pvt.) Ltd shall have
a consultant as a “Construction Supervisor” who shall supervise the quality and progress of all
contractors and give approvals of the milestones.
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The project construction shall take 18 months from the date of planning till the COD. The activity structure and timelines are given

in table below:

Table 13-1: Project Construction Scheduling

Activity / Month

12

13

14 |15 | 16 | 17

18

Engineering and Mobilization

Construction of Temporary Establishment

Civil Works of WTGs and Substation

Construction of Substation

Supply of WTGs and Towers

Cables and Interconnection

Erection and Installation

Testing and Commissioning of EBOP

Testing and Ccmmissioning of WTGs

EPA Tests and Reliability Run Test
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14 Initial Environment Examination (IEE)

The Initial Environment Examination (IEE) has been carried out as per the Pakistan
Environmental Protection Act, 1997, according to the requirements of Environmental
Protection Agency, Government of Sindh and has already been submitted. The report is
attached as Annex VII.

A data collection survey, which included geology, meteorology, hydrology, ambient air quality,
water quality, soil characteristics, noise levels, shadow forecasting, flora and fauna, land use
pattern and socioeconomic conditions, was undertaken based on the available secondary
information or through data collected in the field. The primary data was collected to establish
baseline conditions for the soil, water (surface and ground) quality, flora and fauna, and noise.
The secondary data was collected for land, ecology, climate, and socioeconomic factors.

‘ According to the study conducted, the prime benefit of the Project will be the replacement of
conventional power generation with renewable energy. Wind energy will replace fossil fuel
powered generation, and therefore reduce suspended particulate matter and greenhouse gas
emissions into the atmosphere.

The impacts are manageable and can be managed cost effectively - environmental impacts are
likely to 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 take place. The detailed design would ensure inclusion of any such
environmental impacts that could not be specified or identified at this stage and 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. Since proposed land is covered with shrubs,
thus there is no need for removal of any significant vegetation for the construction of the wind
power Project.
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The proposed Project will have a number of positive impacts and negligible negative impacts to
the existing environment as follows:

<+ Significant improvement in economic activities in the surrounding areas due to
generation of direct and indirect employment opportunities.

< There is negligible removal of trees for the Project, which is the main positive impact to
the proposed Project area.

<+ Environment pollution due to cut and fill operations, transportation of construction
materials, disposal of debris, nuisance from dust, noise, vehicle fumes, black smoke,
vibration are the short term negative impacts due to proposed Project with mitigations
being properly taken care.

Proper GRM will have to be implemented by NASDA Green Energy (Pvt.) Ltd to overcome the
public inconvenience during the proposed Project activities.

. Based on the environmental and social assessment and surveys conducted for the Project, the
potential adverse environmental impacts can be mitigated to an acceptable level by adequate
implementation of the mitigation measures identified in the EMP. Adequate provisions are
being made by NASDA Green Energy (Pvt.) Ltd to cover the environmental mitigation and
monitoring requirements, and their associated costs. ;

An environment and social analysis has been carried out looking at various criteria such as
topology, air, noise, water resources and water quality, ecology, demography of the area,
climate and natural habitat, community and employee health and safety etc. The impact
analysis, found that due to careful consideration of environmental and social aspects during
route and site selection by NASDA Green Energy (Pvt.) Ltd, no major adverse impacts are
expected. There is no adverse impact of migration on the habitat, any natural existing land
resources and there is no effect on the regular life of people.

The environment and social impact associated with the project is limited to the extent of
construction phase and can be mitigated through a set of recommended measures and |
adequate provision for environment and social impacts which cover monitoring, measuring and

. mitigation.

Most of the impacts are expected to occur during the construction phase and are considered to
be of a temporary nature. The transmission corridor will be carefully selected after undergoing
an options assessment. This enabled the right of way alignment to bypass villages and
important water supplies and resources. The main project impacts are associated with clearing
of shrub vegetation, waste management and excavation and movement of soils. |

From this perspective, the project is expected to have a lesser "environmental footprint”". No
endangered or protected species of flora or fauna are reported near the project sites.

j
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The stakeholder from the Government and Non-Government sector has also appreciated the
project activities, raised concerns related to the social and environment areas which shall be
addressed through effective planning and management.

Adequate provisions have been made for the environmental mitigation and monitoring of
predicted impacts, along with their associated costs. Adverse impacts if noticed during
implementation will be mitigated using appropriate design and management measures.
Mitigation measures related to Construction, as specified in the EMP, will be incorporated into
civil works contracts, and their implementation will be primarily the responsibility of the
contractors. Hence, the proposed project has limited adverse environmental and social impacts,
which can be mitigated following the EMP & shall be pollution free Renewable source of Power
generation with low Environmental foot prints.

Adequate provisions have been made for the environmental mitigation and monitoring of
predicted impacts, along with their associated costs. Adverse impacts if noticed during
implementation will be mitigated using appropriate design and management measures. The
potential cumulative and residual impacts of the project as a whole indicate that the project is
classified as a category "B", in accordance with ADB's Safeguards Policy Statement 2009. The
project is not considered highly sensitive or complex. The mitigation measures related to
construction, as specified in the EMP, will be incorporated into civil works contracts, and their
implementation will be primarily the responsibility of the contractors. Hence, the proposed
project has limited adverse environmental and social impact, which can be mitigated following
the EMP and shall be a pollution free renewable source of power generation with small
environmental foot prints.

In view of the aforementioned details, it is concluded that development of the 50 MW wind
power project by NASDA Green Energy (Pvt.) Ltd will have no adverse environmental impact
and the project can be regarded as an Environmental Friendly Green Project.
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15 CONCLUSIONS OF FEASIBILITY STUDY

The detailed feasibility of the project has been conducted which covers all aspects required for
developing the Project.

The wind climate observed on the site indicates advantageous annua! average wind speed. Thus
the annual energy estimates are also favourable and it is feasible to develop the project based
on General Electric GE 1.7-103 (1.7 MW), Gold Wind 121-2.5 (2.5 MW), General Electric GE 2.75
(2.75 MW), Gamesa G114-2.0 (2.0 MW), Gamesa G114-2.5 (2.5 MW), Nordex N131-3000 (3.0
MW), Vestas V126-3.3 (3.3 MW) turbines. The IRR of the Project as currently being assessed is
suitable.

The project site is feasible for the wind farm with easy access for the transportation of
equipment. The climatic conditions at the project site are moderate and there is no significant
impact of seismic hazards foreseen in the area. The telecommunication and transportation
facilities are adequate.

The Project shall not have negative environmental impact during its life cycle. Instead, the
project will bring positive development and improve the socio-economic conditions of the area
through generation of employment opportunities and contribute in environmental
sustainability of the area.

All WTGs considered in the study are worthy for the project. However, the negotiations of the
EPC contract and price shall play a vital role in the final selection.

The project site is conveniently located close to the grid of HESCO and NTDC. However, the
remaining Grid Interconnection study will tell exactly which grid is to be selected for the
connection.

From here onwards, the project may enter into getting licenses and permits and into
negotiation of security documents. The next steps after approval of feasibility study would be
to apply for the Generation License and Tariff, and to begin negotiations for EPA and IA. The
Project may also enter into discussions with lenders at some stage.

It is expected that the Project will achieve financial close by 4™ quarter of year 2016 and
construction will be completed by 2" quarter of year 2018. It is anticipated that the NASDA
Green Energy (Pvt.) Ltd Project would be a valuable addition to the National Grid for generating
electricity and contributing to overcome the current energy crisis of Pakistan.
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communicated to M/s PPl and afterwards, /s PPl submitted the said report after the required corrections
on 27-04-2017. Therefore, the grid interconnection study report of Nasda Green Energy WP is approved
at NTDC end as per assumptions and study results presented in the report.
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Executive Summary

»
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The study objective, approach and methodology have been described and the
plant’s data received from the client Nasda Green Energy Private Limited has
been validated.

The wind project by Nasda Green Energy Private Limited, referred to as Nasda
Green WPP in the remainder of the report, is expected to start commercial
operation by summer 2019. Therefore, the scenario of August/September 2019
has been selected to carry out the study as it will help to determine the
maximum impact of the project.

The latest generation, transmission plan and load forecast provided by NTDC
has been used for the study, attached in Appendix — 2, vide data permission
letter no. GMPP/CEMP/TRP-380/2842-45 dated 04-07-2016.

Recently a study of 10 WPPs was carried out by NTDCL planning department to
fill the power capacity vacated by NBT Wind Power Pakistan Il & lll. A new
220kV grid station with the name of Jhimpir-2 was proposed which was
connected by loop in-loop out configuration of Jamshoro — KDA 220kV single
circuit and Jhimpir-1 — Gharo 220kV single circuit. This study is carried out for
15 new WPPs in integration with the already planned WPPs and other
upcoming WPPs in its vicinity.

Out of these 15 WPPs, 9 plants which lie in the southern part of Jhimpir namely
Nasda Green, Lakeside, DHA City, Noor, Indus, Iran Pak, Metro-2, Uni-energy
and Shafi Energy WPPs, are preposed to be connected to the newly proposed
Jhimpir-2 220/132kV Grid station. Since the site of Jhimpir-2 220/132kV grid
station has recently been finalized h ence a site visit was carried out on 25th
January 2017 along with NTDC official to verify the distances of the upcoming
220kV circuits emanating from this grid s‘ation. Moreover sites of the above
mentioned 9 WPPs were also visited to deve lop technically correct as well as
least cost scheme for evacuation of power frem these WPPs. Based on the

location of the WPPs, two loops (each having 8 WPPs) were proposed at
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Jhimpir-2 grid station. The configuration of the new loops is shown in
Appendix-4 and the list of WPPs in each loop is provided below:

First Loop: Lakeside, Nasda, Trans-Atlantic, Uni-Energy, Iran Pak, Artistic, Act-2
and Cacho WPPs

Second Loop: Gul Ahmed, Metro-2, Zulaikha, Din Energy, Noor, Indus, Shafi
Energy and DHA-City WPPs

Sites of 3 plants out of these 15 WPPs which lie in the northern part of Jhimpir
namely Norinco-2, Sinowell and Tricom WPPs were also visited and they are
proposed to be connected via loop in-loop out of upcoming Jhimpir-1 - T.M
Khan 132kV single circuit. Similarly Burj WPP is proposed to be connected via
loop in-loop out of Thatta — FWEL-l 132kV S/C and Master Green WPP which is
located in Jamshoro district is proposed to be connected by loop in-loop out
configuration of the newly proposed Nooriabad - Jamshoro old 132kV single
circuit. Lastly, Lootah Energy WPP is proposed to be connected via loop in-loop
out of upcoming Jhimpir-1 ~ Tricon-A 132kV S/C.

As discussed above, Nasda Green WPP which is the plant under study, has been
placed in the first loop at newly proposed 220/132kV Jhimpir-2 grid station.
Nasda Green Wind Power Plant would be connected by a double circuit of 132
kV looping in-out with a sub cluster connecting neighboring Wind Power Plants
of Lake Side 50 MW, Trans Atlantic 50 MW and other 5 WPPs in the first loop
with Jhimpir-2 220/132 kV collector substation. It should be noted that the
length of circuits used for the simulations are confirmed from site visit and
agreed with NTDC official. They may change slightly during the implementation
of the project. In addition, the connectivity of Nasda Green WPP with
neighboring wind power plants may change, depending upon the COD of the
project.

The scheme of interconnection of Nasda Green WPP proposes the following

reinforcements in place at Jhimpir cluster.
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* 220 kv D/C transmission line approx. 5km long on twin bundled Greeley
conductor looping In/out of second circuit of existing Jamshoro — KDA-33
D/C transmission line at the proposed Jhimpir-2 220/132 kV substation

e Addition of 4™ 220/132 kV transformer at the newly proposed Jhimpir-2
220/132 kV substation.

e 132kVv double circuit transmission line approx. 135 km long on twin
bundled Greeley conductor for connecting 8 WPPs in the first loop to
Jhimpir-2 220/132 newly proposed substation.

e 132kV double circuit transmission line approx. 168 km long on twin
bundled Greeley conductor for connecting 8 WPPs in the second loop to
Jhimpir-2 220/132 newly proposed substation.

® In this scheme the interconnection of Nasda Green WPP (which is placed in
first loop) includes 132 kV D/C transmission line approx. 0.1 km long, on
twin bundled Greeley conductor for looping in/out on the 132kV single
circuit from Lake Side WPP to Trans Atlantic WPP grid station.

» The existing grid system of HESCO and NTDC in the vicinity of Nasda Green WPP
has been studied in detail by performing load flow, short circuit and dynamic
analysis for the conditions prior to commissioning of Nasda Green WPP and no
bottlenecks or constraints have been found in the grid system.

» Wind Farm of Nasda Green has been modeled considering Type-3 WTGs. They
are Doubly Fed Asynchoronous Generators which are designated as
Type-3 WTG. The terminal voltage is 0.69 kV. The medium voltage level of wind
farm has been selected as 22 kV for unit step-up transformers, for collector
circuits and step-up from MV to HV (132 kv) at Farm substation to connect to
the Jhimpir-2 220/132 kV grid station of NTDC.

» The design of scheme of 132/22 kV substation of Nasda Green Wind Farm has
been provided by the Client and is attached in Appendix ~ 2.

» Load flow analysis has been carried out for peak and Off Peak scenarios of

August/September 2019 considering the COD targeted by Nasda Green WPP and

a future scenario of 2022, for the dispersal of power from Nasda Green WPP into

- ll\
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NTDC system using the latest load forecast, generation and transmission
expansion plans of NTDC and HESCO. The above mentioned interconnection
scheme has been evolved by performing the load flow studies testing the steady
state performance for normal as well as N-1 contingency conditions fulfilling the
Grid Code criteria of Wind Power Plants. The reactive power requirement at
point of common coupling to meet PF of + 0.95, voltage and line loading criteria
are fulfilled by these studies. All the scenarios have been studied by considering
maximum dispatch from all the existing/planned WPPs in the Jhimpir and Gharo
Clusters.
For the base case of summer 2019, capacity constraint was observed in 500kV
network emanating from Jamshoro and upwards in case of some critical outages
of 500kV circuits. Due to this capacity constraint, partial curtailment in the
output of all WPPs under study was proposed to bring the loading on the 500kV
network within limit. Hence output of Nasda Green WPP is curtailed to 7 MW in
case of some contingency events. For the future scenario of 2022, this issue of
capacity constraint is resolved due to the following major reinforcements:

e 660kV HVDC from Matiari to Lahore

* 660kV HVDC from Port Qasim to Faisalabad West
» With the proposed reinforcements highlighted earlier and the curtailment
process for the base year of 2019 under special circumstances, the load flow
results for peak and Off Peak scenarios establish that the proposed scheme of
interconnection of Nasda Green WPP shows no bottlenecks or capacity
constraints in the adjoining 500 kv, 220 kV and 132 kV network in terms of
absorbing all the output of Nasda Green WPP and other proposed WPPs under
normal as wel! as the contingency conditions.
Maximum and minimum short circuit levels for three-phase faults and single-
phase faults have been evaluated. The maximum SC levels have been evaluated
for the year 2022 and minimum short circuit level for the year 2019 for the most
stringent conditions. The fault levels of Nasda Green 132 kV are 9.52 kA and 9.15

kA for 3-phase and single phase faults respectively for 2022. This is much less
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than the switchgear rating of 40 kA recommended for Nasda Green Farm
Substation as per NTDC requirements for 132 kV. The fault levels for Nasda
Green 22 kV are 19.94 kA and 22.15 kA for 3-phase and single-phase faults
respectively for year 2022.
Therefore the short circuit rating for 22 kV switchgear is recommended as 31.5
kA. It has been found that the proposed scheme provides maximum SC strength
for the evacuation of Nasda Green WPP power to the grid.

The switchgear ratings for Nasda Green WPP substation are as follows:

132 kv:

Short circuit rating = 40 kA (3 sec.)

Continuous rating = 2500 A

22 kV:

Short circuit rating = 31.5 kA (3 sec.)

Continuous rating = 2500 A

» Transient Stability analysis has been carried out for Nasda Green WPP based on
their selection of Type-3 WTGs, with connectivity of proposed scheme. Different
disturbances have been simulated to apply stresses from the system faults on the
wind farm and vice versa and it was found that Nasda Green WTG unit’s dynamic
characteristics and the grid connectivity is strong enough to maintain stability
under all disturbances. In turn, any disturbance from Nasda Green WPP side did
not cause any stress on the main grid or the power plants nearby and in the
HESCO area such that the whole system remained stable under all events.

» The LVRT requirements have been tested to fulfill 100 ms (5 cycles) under normal
clearing time and 180 ms (9 cycles) for contingency condition of delayed fault
clearing due to stuck-breaker (breaker failure) reason. The simulations have
proved that the proposed machine fulfills the LVRT criteria as required in the Grid
Code for Wind IPPs.

» The issues of power quality like flicker, unbalance and harmonic resonance have

been studied in detail. The results have indicated that the levels of flicker and

l.\
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unbalance are within the permissible limits of IEC and other International
Standards.

# There are no technical constraints whatsoever in the way of bringing in the 50
MW of Nasda Green Wind Power Plant at the proposed site and scheduled time
of commissioning, in any respect of steady state (load flow) or short circuit or

dynamic performance (stability) or power quality issues related to this plant.
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1. Introduction

1.1

1.2

&

(RN

Background

There exists a huge wind corridor in coastal Sindh, starting from Gharo-Ketti
Bandar up to Jhimpir and upward, that has been identified by AEDB with an
actual potential of about 50,000 MW. There are many entrepreneurs coming
forward to tap this huge natural resource of power.

Study of 10 WPPs was recently carried out by NTDCL Planning Department after
cancellation of LOIs of NBT-Il and NBT-ll. New Jhimpir-2 220/132 kV substation
was proposed to evacuate power from these WPPs. For further evacuation of
power from Jhimpir area, an integrated study was required depicting optimal
utilization of resources. Hence a study of 15 new WPPs was carried out in
integration with the already planned / existing WPPs. Nasda Green Energy
Private limited is amongst those entrepreneurs who have come forward with a
Wind Power Plant within this cluster at Jhimpir.

The proposed wind farm shall have the installed capacity of about 50 MW of
electricity. The project is being developed in the private sector and the electricity
generated from this project would be supplied to power grid of NTDC. The
services of Power Planners International have been engaged to perform the
impact studies of penetration of this wind power in the national grid to evolve

the most feasible interconnection scheme for this plant.

Objectives
The overall objectives of this study are:

1. Impact of Nasda Green Wind Power Plant on the System

2. Impact of the System on Nasda Green Wind Power Plant
These impacts are to be studied for different operating conditions of Plant as
well as the System. The operating condition of the plant may vary from its 100 %

output to 0 % i.e. no output at all. The system conditions would be peak load, off-
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peak load for the spot year of study i.e. 2019. A future scenario of 2022 is also
studied.

The impacts are required to be studied for steady state as well as the dynamic
and disturbed conditions of the system. The specific objectives are:

1. To develop a feasible scheme of interconnections of Nasda Green Wind
Power Plant (WPP) with HESCO/NTDC network at 132 kV for which right
of way (ROW) and space at the terminal substations would be required
to be made available.

2. To check the load-ability of lines and transformers to be within their
rated limits satisfying the clauses OC 4.8, OC 4.9, and OC 4.10 of NEPRA
Grid Code regarding the criteria of operation of frequency, voltage and
stability under normal and contingency conditions for peak and off-
peak load conditions of grid as well as the plant.

3. To check the voltage profile of the bus bars of the neighboring
interconnected network under different operating conditions

4. To check the reactive power limitations of the wind turbines and the
neighboring generators of the system; and evaluate the size of switched
shunt capacitor banks at Medium Voltage level of substation of
collector system of Nasda Green Wind Farm to regulate the voltage
under steady state and contingency conditions to fulfill the Grid Code
criteria of + 0.95 Power Factor at the point of common coupling
(interface point) interconnecting Wind Farm and the Grid i.e. 132 kV
gantries of outgoing circuits.

5. To check if the contribution of fault current from this new plant
increases the fault levels at the adjoining substations at 220 kV and 132
kV voltage levels to be within the rating of equipment of these
substations, and also determine the short circuit ratings of the
proposed equipment of the Medium Voltage substation of collector

system of Nasda Green Wind Farm and the NTDC/HESCO substations of

132 kV connecting with the Nasda Green Wind Farm.

" POWER PLANNERS INTERNATIONAL PAGE 12 OF 69



10.

To check the minimum short circuit strength of the system to handle
large variation of generation of wind turbine

To check if the interconnection with the grid withstands transient
stability criteria of post fault recovery with good damping satisfying the
NEPRA Grid Code.

Transient stability to see the dynamic performance of Nasda Green
WPP in response to Grid disturbances and vice versa the dynamic
impact of disturbances in Nasda Green WPP on the Grid.

To check the ability of the wind turbine generators of Nasda Green WPP
to remain connected following major disturbances and grid disruptions
i.e. the Low Voltage Ride Through (LVRT) capability to satisfy the Grid
Code requirement of LVRT for 180 ms.

Analysis of power quality issues such as flicker, voltage-unbalance,

harmonics and resonance of the system.

1.3 Planning Criteria

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

enunciated in NEPRA Grid Code including Addendum No.1 for WPPs are as follows:

Voltage

Frequency

+ 5 %, Normal Operating Condition
£ 10 %, Contingency Conditions
50 Hz, Continuous, + 1% variation steady state

49.4 - 50.5 Hz, Under Contingency

Short Circuit:

132 kV Substation Equipment Rating 40kA

Dynamic/Transient and Low Voltage Ride through (LVRT):

The WTGs should remain connected during voltage dip upto 30 % level, under fault

conditions by ride through capability for the following sequence of disturbance

1. Total normal fault clearing time from the instant of initiation of fault current to

the complete interruption of current, including the relay time and breaker

v s
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interruption time to isolate the faulted element, is equal to 100 ms {5 cycles) for
the systems of 132 kV and above.

2. In case of failure of primary protection (stuck breaker case), the total fault
clearing time from the instant of initiation of fault current to the complete
interruption of current to isolate the faulted element, including the primary
protection plus the backup protection to operate and isolate the fault, is equal
to 180 ms (9 cycles) for 132 kV and higher voltage levels.

3. LVRT of 100 ms for normal fault clearing and 180 ms for the case of failure of

primary protection (stuck breaker case).

Reactive Power and Power factor:
Reactive Power Control to maintain the power factor within the range of 0.95 lagging
to 0.95 leading, over full range of plant operation, according to Dispatch
Instructions/manual voltage adjustment requirements.
Power Quality Requirements:
As per IEC61400-21standards
1.4 Operating Criteria
The operating requirements to be fulfilled by the proposed Nasda Green WPP as
enunciated in NEPRA Grid Code for WPPs (Addendum No.1) are as follows:
Black Start and Islanded Operation:
Exempted
Active Power and Frequency Control:
Exempted from precise frequency control responsibility
Synchronization / De-Synchronization:
(i) The Wind Power Plant will manage for
(a)  Smooth Synchronization
{(b)  Smooth De-Synchronization
(ii) The above operations, achieved through appropriate equipment, will be

without jerk(s), felt on the grid system

®
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Power Generation Capability Forecasting Requirement;

(i) Power Generation Capability Forecasting, of average power on hourly basis,
will be managed by the Wind Power Plant as required from conventional
power plants, except provisions of clause (ii) & (iii) below.

(ii) The forecasting, as required in (i), will be estimated by Wind Power Plant

through
(a) Expected availability of plant during the period of forecast.
(b) Predicted value of wind speed at site based upon analysis of historic

wind data available.
{iii) The forecasting, as required in (i), will be on the basis of total Wind Power
Plant and break-up for each WTG will not be required.
{iv) The forecasted values will not be a binding upon the wind power plant as
actual wind speeds may differ significantly from predicted values over short

durations.

1.5 Input Data
The input data of HESCO / NTDC has been used in this study as per letter No.
GMPP/CEMP/TRP-380/2842-45 dated 04-07-2016. The load forecast and the
generation expansion plan of NTDC provided vide this letter has been used as shown
in Appendix 2.

The input data regarding Nasda Green Wind Farm has been provided by the client
who has indicated to use 2 MW Gamesa-G114 Type-3WTG. The main parameters of
the WTGs have been attached in Appendix-2.

s
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2. Description of Problem & Study Approach

2.1 Description of the Problem

In Pakistan, there is big wind power generation potential in the Southern parts of
Sindh province, which is untapped as yet. However now with the establishment of
Alternative Energy Development Board, this sector of power generation has taken an
unprecedented stride and many entrepreneurs have come forward to build small
and big Wind farms in this area.

The peculiar nature of wind power turbine is such that its output fluctuates in terms
of MW and MVAR, being dependent on the wind speed and its direction. So long as
the capacity of wind farm is less significant compared to the size of the power grid it
is connected, these fluctuations are absorbable without compromising the power
quality. But as the penetration of wind power in the power grid increases, the
capability of the power grid may not be as strong as may be required to absorb
constant variations of MW, MVAR and hence rapid deviation in voltage and

frequency from the system’s normal operating set point.

The existing power plants nearest to the vast wind farm areas of Jhimpir in the
existing power grid are Kotri and Jamshoro Power Plants. Next to them is Hub with
1200 MW and Lakhra with 150 MW installed capacities respectively. Apparently this
amount of generation in Southern grid seems strong enough to absorb the
penetration of wind power. But there are other variables that necessitate detailed
studies like strengths of nodes of connectivity, loading capacity of the transmission
lines to evacuate power from Wind Farm area and dynamic response of wind turbine

generators and neighboring conventional synchronous generators.

The dynamic response of power plants in the neighborhood may not be uniform; as
some of them are gas turbines and some are steam turbines i.e. Kotri has gas
turbines whereas Jamshoro, Lakhra and Hub have steam turbines. Normally gas
turbines are faster than the steam turbines to respond to changes in the system. The
dynamic studies will determine how they respond to dynamic behavior of Nas

Green WPP,

)
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The above-mentioned thermal power plants do not run at their full capacity all along
the whole year. During high water months when cheaper hydel power is abundantly
available in the Northern grid of NTDC, many generating units of these plants are
shut down for the sake of economic dispatch. Therefore in high hydel season, which
is low thermal season by default, the southern power grid would get weaker in terms
of system strength, especially during off-peak hours. The dynamics of this season is
different than that of high thermal season.

There are different models of different sizes and make available in the market viz.
GE, Vestas, Nordex, Gamesa, Siemens, Goldwind and Vensys etc. The dynamics of
each model may be different with respect to grid’s dynamics. Nasda Green Wind
Power Plant is considering using 2 MW Gamesa G-114 Type-3 WTGs which are

doubly fed asynchronous generators.

2.2  Approach to the problem
We will apply the following approaches to the problem:

e According to the COD of Nasda Green WPP as provided by the Client Nasda
Green Energy Private Limited, we have decided to perform our analysis for
the scenario of August/September 2019 to judge the maximum impact of the
plant after the COD of the plant when the 220/132 kV Substation of Jhimpir-2

is commissioned.

* The base case for the year 2019 comprising all 500kV, 220kV and 132 kV, and
66kV system would be prepared envisaging the load forecast, the generation
additions and transmission expansions for each year particularly in the
Southern parts of the country. The case would include all the proposed and
existing Wind Power Plants which have been developed or are going to be
developed on a fast track basis and are expected to be commissioned by
2019 as per the latest schedule of AEDB.

* Interconnection scheme without any physical constraints, like right of way or

availability of space in the terminal substations, would be identified.

4
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Perform technical system studies for peak load conditions of high wind
seasons’ power dispatches, to confirm technical feasibility of the
interconnections.

The proposed interconnection scheme will be subjected to steady state
analysis (load flow), short circuit and transient stability to test the robustness
of the scheme under normal and contingency conditions by checking steady
state and transient/dynamic behavior under all events.

Determine the relevant equipment for the proposed technically feasible
scheme of interconnection.

Perform sensitivity studies considering adjacent wind farms to check their
impact on HESCO/NTDC Grid. This sensitivity check can be performed for the
ultimate planned number of Wind Power Plants in the neighborhood of

Nasda Green Wind PP.
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3. Analysis of Network Prior to Nasda Green WPP

Interconnection
3.1 Description of the Network

The electrical grid, which is relevant for interconnection of Nasda Green Wind PP, is
the 500, 220 and 132 kV network that stretches through South of Hyderabad and
Jamshoro up to coastal areas of Southern Sindh. The sketch of this network for the
spot year 2019 after the addition of reinforcements in the area is shown in
Appendix-4.
In this sketch, all the existing and proposed WPPs in the Jhimpir and Gharo clusters
are modeled. Newly proposed 220/132kV substation of Jhimpir-2 is connected in
loop In-out of the 220 kV Jamshoro — KDA double circuit and Jhimpir-1 — Gharo-New
220 kV single circuit. On 25% January 2017 a site visit was carried out to develop
technically correct as well as least cost scheme for evacuation of power from these
WPPs. Based on the location of the WPPs, two loops (each having 8 WPPs) were
proposed at Jhimpir-2 grid station. The list of WPPs in each loop is provided below:
First Loop:

e lakeside (50 MW)

e Nasda (50 MW)

* Trans-Atlantic (50 MW)

e Uni-Energy (50 MW)

¢ Jran Pak (50 MW)

e Artistic (50 MW)

o Act-2 (50 MW)

e Cacho (50 MW)
Second Loop:

e Gul Ahmed (50 MW)

e Metro-2 (60 MW)

e Zulaikha (50 MW)

e DinEnergy (50 MW)

*  Noor (50 MW)

- ll\
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s Indus (50 MW)
e Shafi Energy (50 MW)
e DHA-City (50 MW)
The details of the other 6 newly proposed WPPs is provided below:
e 14 MW Burj WPP connected via loop In-Out of 132 kV Thatta — FWEL-I single
circuit
e Norinco-2 (50 MW), Sino Well (50 MW) and Tricom (50 MW) connected via
loop In-out of the 132kV Jhimpir-1 — T.M.Khan 132kV single circuit
e Master Green (50 MW) connected via loop In-out of the proposed Nooriabad
—Jamshoro Old 132kV single circuit
e Lootah Energy (50 MW) connected via loop In-out of the upcoming Jhimpir-1
— Tricon-A 132kV single circuit
We have carried out the studies of the case “without” Nasda Green WPP but
including all the other planned and existing WPPs which have COD by 2019 to
ascertain if there are any constraints in the system prior to Nasda Green WPP's
commissioning.
3.1.1 Load Forecast
The load forecast of NTDC attached in Appendix-2 has been used for the preparation
of all the study scenarios.
3.1.2 Generation and Transmission Expansion Plan
There is a sizable addition of generation in the Southern part of the country. The
latest generation and transmission expansion plan provided by NTDCL has been used

and is attached in Appendix-2.

3.2 Load Flow Analysis
Load flow analysis has been carried out for the NTDC / HESCO network including all
the existing and planned wind power plants at Jhimpir and Gharo clusters but

without including Nasda Green WPP to see if the network was adequate for dispersal
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August/September 2019. The month has been selected so that the Jhimpir-2
220/132 kV substation is completed before the commissioning of the said WPPs. In
order to ensure proper economic dispatch in the southern area for this High Wind
High Water Season, it was essential to have a reasonable energy mix with
contributions from both thermal and wind power plants. We kept the dispatch of the
nearby power plants such as Thatta, Nooriabad and Kotri-Site at its maximum. Kotri
GTPS was operated at 50% capacity. Qutput from all the existing/ under
construction/ planned Wind Plants was kept at maximum. The results are shown
plotted in Exhibit 3.0 in Appendix-3 which indicates that no circuit is loaded more
than its rated power carrying capacity and the voltage profile at all the bus bars of
132 kV, 220 kv and 500 kV is within the permissible range. All power plants are
running at lagging power factor within their rated range.

The N-1 contingency check has also been applied and the results are attached in

Appendix-3 as below:

Exhibit - 3.1 Trans Atlantic to Lake Side 132 kV Single Circuit Out
Exhibit - 3.2 Lake Side to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 3.3 Cacho to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 3.4 Gul Ahmed-E to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 3.5 Jhimpir-2 220/132 kV Single Transformer Out
Exhibit - 3.6 Jhimpir-1 to T.M. Khan 132 kV Single Circuit Out
Exhibit - 3.7 Jhimpir to Kotri GTPS 132 kV Single Circuit Out
Exhibit - 3.8 Kotri GTPS to Jamshoro Old 132 kV Single Circuit Out
Exhibit - 3.9 Jhimpir-1 to TM Khan Road 220 kV Single Circuit Out
Exhibit-3.10 Jhimpir-1 to Jhimpir-2 220 kV Single Circuit Out
Exhibit - 3.11 Jhimpir-2 to KDA-33 220 kV Single Circuit Out
Exhibit - 3.12 Jhimpir-2 to Jamshoro 220 kV Single Circuit Out
Exhibit - 3.13 Jamshoro 500/220 kV Single Transformer Out
Exhibit - 3.14 Matiari to Dadu 500 kV Single Circuit Out

By
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Exhibit - 3.14a Matiari to Dadu 500 kV Single Circuit Out - Curtailment of
Wind Generation by 600 MW

Exhibit-3.15 Jamshoro to Dadu 500 kV Single Circuit Out

Exhibit - 3.15a Jamshoro to Dadu 500 kV Single Circuit Out - Curtailment of
Wind Generation by 600 MW

The load flow results of the network in the close vicinity of Nasda Green WPP shown
plotted in Exhibits 3.1 to 3.13 indicate that all the power flows on the lines are within
the rated limits of this network.

For some critical outages of 500kV circuits shown in Exhibit 3.14 and 3.15, capacity
constraint was observed in 500kV network emanating from Jamshoro and upwards.
Due to this capacity constraint, partial curtailment in the output of all WPPs under
study was proposed to bring the loading on the 500kV network within limit. Results
are shown in Exhibit 3.14(a) and 3.15(a). The details of the curtailment of WPPs are

provided below:

Plant Name - Gross output CL;ftéilea-Output
" Nasda 50 MW 7 MW
 Uni-Energy 50 MW i 7 MW

Indus 50 MW 7 MW |
‘Noor 50 MW T ww
~ Sino Well 50 MW MW
Lootah 50 MW 7 MW “1

Shafi Energy 50 MW /MW -1|

- Master Green o 50MW 7 MW 1;
Iran Pak | somw 7 MW .
Metro-2 60 MW | 9 MW

L Norinco-2 50 MW | 7MW |

- DHA City 50 MW TMW

N Tricom 50 MW | -

.
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With the curtailment process described above, it is established with Load flow
results that the network existing before Nasda Green WPP in the same vicinity in
Jhimpir cluster including the Jhimpir-2 220/132 kV collector substation is enough to
absorb their power, and has no limitations in terms of power transfer capacity under
normal as well as N-1 contingency, prior to connection of Nasda Green WPP. We will

check the adequacy of network after adding Nasda Green WPP in Chapter 6.
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4. Development of Interconnection Scheme

4.1 Interconnection of Nasda Green 50 MW WPP

To connect the wind farms to the main grid of NTDC / HESCO, one may think of
connecting each Farm with any nearby available 132 kV substation by laying a direct
132 kV circuit from the gantry of each Farm’s substation. But it is important to first
see if the nearby substation has enough short circuit strength to connect to a Wind
farm having characteristics of time-varying output because flicker and harmonics’
resonance are a function of short circuit MVA of that node where this variation
would be occurring.

In case there is a potential of developing of several Wind Farms in the same area,
then a better interface or common coupling point may be a collector substation
where each Wind Farm is connected and then this collector substation is connected
to suitable node or nodes of the main national grid system. From suitable node or
nodes we mean the nodes (bus bars) having relatively higher short circuit levels to
mitigate the impact of time-variant generation from WTG.

In case of Nasda Green WPP, the nearest substation is the collector substation of
Jhimpir-2 220/132 kV which is proposed for evacuation of power from already
planned 10 WPPs and will be operational before the commissioning of the said

power plant.

4.2 Proposed interconnection Scheme
The scheme of interconnection of Nasda Green WPP proposes the following

reinforcements in place at Jhimpir cluster.
® 220 kV D/C transmission line approx. 5km long on twin bundled Greeley
conductor looping In/out of second circuit of existing Jamshoro — KDA-33

D/C transmission line at the proposed Jhimpir-2 220/132 kV substation
* Addition of 4" 220/132 kV transformer at the newly proposed Jhimpir-2
220/132 kV substation.

L
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e 132kV double circuit transmission line approx. 135 km long on twin
bundled Greeley conductor for connecting 8 WPPs in the first loop to
Jhimpir-2 220/132 newly proposed substation.

e 132kV double circuit transmission line approx. 168 km long on twin
bundled Greeley conductor for connecting 8 WPPs in the second loop to
Jhimpir-2 220/132 newly proposed substation.

e In this scheme the interconnection of Nasda Green WPP (which is placed in
first loop) includes 132 kV D/C transmission line approx. 0.1 km long, on
twin bundled Greeley conductor for looping infout on the 132kV single
circuit from Lake Side WPP to Trans Atlantic WPP grid station.

The connection scheme of Nasda Green WPP for the scenario of August/September
2019 as shown in Appendix - 4 is by interconnecting Nasda Green in the first loop
proposed at Jhimpir-2 220/132 kV substation. Nasda Green Wind Power Plant would
be connected by a double circuit of 132 kV looping in-out with a sub cluster
connecting neighboring Wind Power Plants of Lake Side 50 MW, Trans-Atlantic 50
MW and other 5 WPPs in the first loop with Jhimpir-2 220/132 kV collector
substation. It should be noted that the length of circuits used for the simulations are
confirmed from site visit and agreed with NTDC official. They may change slightly
during the implementation of the project. In addition, the connectivity of Nasda
Green WPP with neighboring wind power plants may change, depending upon the

COD of the project.

4
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5. Modeling of Nasda Green Wind Farm

5.1 Electrical Layout of Wind Farm
5.1.1 Nasda Green WPP Energy Selection

Nasda Green has selected Type-3 Gamesa WTGs which they are considering to install
on their Wind Farm at Jhimpir. It is a doubly fed asynchronous generator. Each WTG
would step up from its terminal LV voltage of 0.69 kV to a medium voltage (MV) that
will be 22 kv.

5.1.2 Electrical Layout

The WTGs would be connected to MV collector cables of 22 kV laid down in the Farm
connecting each line (row) of the WTGs to the Farm substation. The layout is shown

in Sketch ~ 3 (Appendix-5), briefly described as follows;

Line-1 WTGs 1-6 (6x2=12 MW)
Line—2 WTGs 7-12 (6x2=12 MW)
Line-3 WTGs 13-18 (6x2 =12 MW)
Line-4 WTGs 19-25 (7x2 =14 MW)

The average length of cable between the two WTGs has to be enough to completely
out do the wake effect from the adjoining WTG based on thumb rule to leave 4xD
(rotor diameter) between the WTGs to take care of wake effect. In actual micro-
siting the distances between WTGs might be slightly different due to many other
factors. We have taken about 400 meters distances between the WTGs.

The Farm Substation has been assumed to be located somewhere in the middle of
the Farm.

The four collector circuits of 22 kV would thus be laid as shown in Sketch-3 and

explained as follows;

Collector Line-1 from WTG-1 to Farm Substation
Collector Line-2 from WTG-7 to Farm Substation
Collector Line-3 from WTG-13 to Farm Substation
Collector Line-4 from WTG-19 to Farm Substation

e
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Since each collector would carry a max of approximately 12 MW at normal rating,
the 22 kV collector circuits loading capacity should be in the range of 14 MVA each,
giving some margin for reactive power at 0.95 Power Factor and some losses in the
circuits with certain overload capacity as well.

5.1.3 22 kV Collector Circuits

The MV voltage level selected by Nasda Green for interconnection of collector
groups of WTGs in the Farm is 22 kV. Underground cables will be used with length of

approx. 3 km. Further details regarding the type of cable is provided in Appendix - 2.

5.2  Wind Farm Substation 132/22 kV
A substation would be built in the middle of the Farm to collect all the power from
the WTGs, spread out in the Farm, at medium voltage (MV) level of 22 kV and step-
up this power to high voltage (HV) level of 132 kV so that the Farm’s output may be
evacuated to the main grid of NTDC. The single line diagrams of the substation are
briefly shown in Sketch-1 and 2 in Appendix-5 for 22 kV and 132 kV respectively.
Keeping in view the data provided by the Client, the bus bar scheme for 132 kV level
is double bus with a coupler i.e. double bus-single-breaker scheme. Keeping in view
the NTDC/DISCOs practice, we propose to provide good reliability to a power plant
as follows:

+ Single bus scheme with a sectionalizer to enable to have two bus sections at

22 kv.

* Double-bus single-breaker scheme with a Bus Coupler at 132 kV
The schemes are shown in Sketch-1 and 2 respectively and described as follows.
5.2.1 Conceptual Design of 22 kV
The single line diagram SLD-1 in Appendix-5 shows the conceptual design of 22 kV
(MV) bus bar of the Farm substation. It comprises of

* Two single bus-sections of 22 kV with a bus sectionalizer

* Four breaker bays to connect four collector double circuits of WTG Lines 1-4

* Two breaker bays to connect two transformers of 132/22 kV

L
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e Two breaker bays for connecting two auxiliary transformers of 22/0.4 kV
o Two breaker bays to connect switched shunt capacitor banks
Rating of all the breakers and bus bar equipment would be
Short circuit rupturing capacity =31.5kA
Normal continuous current = 1250 A for line breakers
= 2500A for Bus Sectionalizer and Power TF
5.2.2 Conceptual Design of 132 kV
Single-line-diagram SLD-2 (Appendix-5) shows 132 kV bus bars of the Farm
substation, which would comprise as follows:
¢ Double bus bars with a Bus Coupler
¢ Two breaker bays to connect two transformers 132/22 kV
* Two breaker bays to connect two circuits of 132 kV i.e. double circuit on
single tower overhead line to connect to the grid system.
Rating of all the breakers and bus bar equipment would be
Short circuit rupturing capacity =40 kA
Normal continuous current = 1250 A for line and TF breakers
= 2500 A for Bus Sectionalizer
The other equipment of the substation consists of:
e Two 132/22 kv, 30/40/50 MVA ONAN/ONAF1/ONAF2 OLTC transformers,
1324+11x1%/22kV, to fulfill N-1 criteria of Grid Code
e Two station auxiliary transformers 22/0.4 kV
e Two switched shunt capacitor banks each of the size of 10 MVAR (5 x 2
MVAR) with contactors and PLC (Programmable Logic Controller).
¢ Energy meters would be installed on HV side (132 kV) of the 132/22kV

transformers.
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6. Load Flow Analysis

Load flow analysis has been carried out for the proposed scheme of interconnection

of Nasda Green WPP with NTDC grid for the base scenario of September 2019.

6.1 Modeling of Wind Farm in Load Flow

Representation of all the individual machines in a large Wind Farm is inappropriate in
most grid impact studies [1]. There is a provision in the model structure of PSS/E to
allow single equivalent WTG machine model to represent multiple WTGs. However
there are limitations. Disturbances within the local collector grid cannot be analyzed,
and there is some potentially significant variation in the equivalent impedance for
the connection to each machine. A single machine equivalent requires the
approximation that the power output of all the machines will be the same at a given
instant of time. For grid system impact studies, simulations are typically performed
with the initial wind of sufficient speed to produce the rated output on all the
machines. Under this condition, the assumption that all the machines are initially at
the same (rated) output is not an approximation [2]. Otherwise this assumption
presumes that the geographic dispersion is small enough that the wind over the farm
is uniform. Though simulations of bulk system dynamics using a single machine
equivalent are adequate for most planning studies, we have adopted a rather more
detailed level of modeling by using an equivalent machine just for one group of
WTGs connected to one collector feeder. Since we have four collector feeders
connecting to four groups of WTGs, therefore there are four equivalent WTGs
assumed for each collector group in this study report.

The Farm Substation is represented by two bus bars as Nasda Green medium voltage
bus named Nasda Green-MV 22 kV and Nasda Green 132 kV, with two inter-bus
transformers of 30/40/50 MVA each. These transformers have an overload capacity
of 50 MVA for a limited time to cover N-1 contingency criteria of Grid Code i.e. in
case of outage of one transformer, the other can take up the full output of Farm i.e.

50 MVA.
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6.2 Reactive Power Requirements

Nasda Green is considering using 2 MW Gamesa Type-3 WTGs, which are doubly fed
asynchronous generators, in their WPP. Its power factor is 0.95 lagging
(capacitive/generating) and 0.95 leading (inductive/absorbing).The maximum
reactive power output that can be available at the 0.69 kV terminal is 0.66 MVAR for
each WTG. Part of this reactive power will be consumed by the 0.69/22 kV step-up
(GSU) transformer and the rest may be consumed in the MV collector cables of the
wind farm. However some reactive power might reach the MV bus bar of Farm
substation, That means each WTG is self sufficient to meet VAR absorption
requirement of its step-up transformer with some contribution of VARs to the Farm
MV network.

The Grid Code Addendum No.1 requires to meet the criteria of + 0.95 power factor
at the point of interconnection with the NTDC/HESCO grid at 132 kV (point of
common coupling). Therefore a Farm of 50 MW generating capacity is required to
pump 16.43 MVAR to the grid at full output of 50 MW. The VAR generating capability
of WTG at 0.95 PF will not be able to fully meet this VAR demand of the system
because of VAR loss in step-up transformers, collector cables and the HV/MV i.e.
132/22 kV transformers at the Farm substation. In order to meet the Grid Code
criteria, we need to install switched shunt capacitor bank at 22 kV bus of the Farm
substation of sufficient size capable of delivering approx. 15.72 MVAR at 132 kV bus

after VAR loss across 132/22 kV transformers.

6.3 Load Flow Analysis for Peak Load Scenario of August/September
2019
Load flow analysis has been carried out for the NTDC / HESCO network to see the

steady state impact of adding the generation of Nasda Green WPP on the network

including the existing/under-construction/planned WPPs in the Jhimpir and Gh
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Cluster. The network configuration is same for Jhimpir and Gharo clusters as
indicated in Appendix-4 and discussed in Ch. 3.

The integrated case has been studied for the system conditions of summer 2019, the
time line associated with the COD of Nasda Green WPP and after the commissioning
of the newly proposed 220/132 kV substation in the southern part of Jhimpir. In
order to ensure proper economic dispatch in the southern area for this High Wind
High Water Season, it was essential to have a reasonable energy mix with
contributions from both thermal and wind power plants. We kept the dispatch of the
nearby power plants such as Thatta, Nooriabad and Kotri-Site at its maximum. Kotri
GTPS was operated at 50% capacity. Output from all the existing/ under
construction/ planned Wind Plants was kept at maximum.

Load flow simulations have been run for normal and contingency conditions. The

results are shown plotted in Appendix-6.

6.3.1 Normal Case

Exhibit 6.1.0 shows the normal case under the system conditions of summer 2019.
All the wind farms in Jhimpir and Gharo clusters with installed capacity of 50 MW or
49.5 MW have been assumed after deducting Farm losses and given some diversity
in the maximum output of all the Wind Power Plants at one time. For Nasda Green
WPP, 47.9 MW is assumed to be delivered at the point of delivery to grid at 132 kV.
All these loadings are within the rated limits of these circuits. The bus voltages on all
the substations in Southern HESCO grid are within the normal limits of operation.
We see that all the WTGs are running at a power factor above its rated value of 0.90
not using full reactive power capability leaving enough margin to cover
contingencies. The switched shunt capacitor bank of 20 MVAR at 22 kV bus bar is
supplying 19.69 MVAR at (22.28 kV) voltage and, after VAR loss across 132/22 kV
transformers, supplying about 15.72 MVAR (nearly 0.95 PF) at 132 kV bus ie.
fulfilling the Grid Code criteria at the point of interconnection. The voltage profile on

all the bus bars of 132 kV of HESCO grid are well within the normal o criteria

of £ 5 % off the nominal.
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6.3.2 Contingency cases and evolving of reliable scheme

The N-1 contingency cases have been run and the results have been shown plotted

as under:

Exhibit - 6.1.1 Nasda Green 132/22 kV Single Transformer Out
Exhibit - 6.1.2 Nasda Green to Lake Side 132 kV Single Circuit Out
Exhibit - 6.1.3 Trans Atlantic to Nasda Green 132 kV Single Circuit Out
Exhibit - 6.1.4 Lake Side to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 6.1.5 Gul Ahmed-E to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 6.1.6 Jhimpir-2 220/132 kV Single Transformer Out

Exhibit - 6.1.7 Jhimpir-1 to T.M. Khan 132 kV Single Circuit Out
Exhibit- 6.1.8 Jhimpir to Kotri GTPS 132 kV Single Circuit Out
Exhibit - 6.1.9 Kotri GTPS to Jamshoro Old 132 kV Single Circuit Out
Exhibit-6.1.10 Jhimpir-1 to TM Khan Road 220 kV Single Circuit Out
Exhibit - 6.1.11 Jhimpir-1 to Jhimpir-2 220 kV Single Circuit Out
Exhibit - 6.1.12 Jhimpir-2 to KDA-33 220 kV Single Circuit Out
Exhibit- 6.1.13 Jhimpir-2 to Jamshoro 220 kV Single Circuit Out
Exhibit - 6.1.14 Jamshoro 500/220 kV Single Transformer Out
Exhibit-6.1.15 Matiari to Dadu 500 kV Single Circuit Out

Exhibit- 6.1.15a Matiari to Dadu 500 kV Single Circuit Out - Curtailment of
Wind Generation by 600 MW

Exhibit-6.1.16 Jamshoro to Dadu 500 kV Single Circuit

Exhibit - 6.1.16a Jamshoro to Dadu 500 kV Single Circuit Out - Curtailment of
Wind Generation by 600 MW

The load flow results of the network in the close vicinity of Nasda Green WPP shown
plotted in Exhibits 6.1.1 to 6.1.14 indicate that all the power flows on the lines are
within the rated limits of this network.

For some critical outages of 500kV circuits shown in Exhibit 6.1.15 and 6.1.16,
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upwards. Due to this capacity constraint, partial curtailment in the output of all
WPPs under study was proposed to bring the loading on the 500kV network within
limit. Hence output of Nasda Green WPP is curtailed to 7 MW in case of these
contingency events. Results are shown in Exhibit 6.1.15(a) and 6.1.16(a). The details

of the curtailment of WPPs are provided below:

- Plant Name Gross output T Curtailed Bdtput
Lake Side | 50 MW f ™MW
Nasda Green : 50 MW MW 7
Un‘i—Energy ‘ 50 MW % 7MW N |
O ndus —TM_""“_""MMéd MW CTMw f
 Noor | 50 MW | MW
Sinowell | 50 MW | MW
Lootah 50 MW 4 7 MW :

N Shafl Energy ( 50 MW [ 7MW
Master Green 50 MW ; 7 MW - s
Iran Pak 50 MW 5 7 MW
 Metro2 | 60 MW 9 MW 1
_ : N 5 _—

Norinco-2 ! 50 MW ’ 7 MW )

DHA City 50 MW ’ 7 MW

Tricom 50 MW i 7 MW B

Total Wind Capacity: 724 MW
Wind Capacity after curtailment: 113 MW

The results also show that under all events of outages the switched shunt capacitor
banks at 22 kV bus regulates the voltage under all events. The reactive power being
supplied by the 20 MVAR switched shunt capacitor banks as proposed by the client
connected at 22 kV bus, maintains the supply of VARS to the grid under all

contingencies adjusting its output according to the system requirement.
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In addition, twin bundled Greeley conductor {368 MVA) is used for the
interconnection of all the wind farms coming in this first loop at Jhimpir-2 220/132
kV collector substation. In the load flow simulation, however, the MVA capacity is
assumed to be 404 MVA taking into account the increase in MVA capacity of the
conductors at high wind speed during high wind season. This is true for all the
conductors in the area, whether lynx or rail, a 10% increase in the thermal rating is
assumed.

6.4 Load Flow Analysis for Off-Peak Load Scenario of
August/September 2019

Load flow analysis has been carried out for the off-peak conditions of
August/September 2019 for the NTDC / HESCO network to see the steady state
impact of reduced loads and generations as a higher loading on the circuits is
expected during the off-peak conditions.

Load flow simulations have been run for normal and contingency conditions. The
results are shown plotted in Appendix-6.

Exhibit 6.2.0 shows the normal case under the off-peak system conditions of
August/September 2019. All these loadings are within the rated limits of these
circuits. The bus voltages on all the substations in Southern HESCO grid are within
the normal limits of operation.

The N-1 contingency cases have been run and the results have been shown plotted

as under:

Exhibit - 6.2.1 Nasda Green 132/22 kV Single Transformer Out

Exhibit - 6.2.2 Nasda Green to Lake Side 132 kV Single Circuit Out
Exhibit - 6.2.3 Trans Atlantic to Nasda Green 132 kV Single Circuit Out
Exhibit - 6.2.4 Lake Side to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 6.2.5 Gul Ahmed-E to Jhimpir-2 132 kV Single Circuit Out
Exhibit - 6.2.6 Jhimpir-2 220/132 kV Single Transformer Out

Exhibit - 6.2.7 Jhimpir-1 to T.M. Khan 132 kV Single Circuit Out
Exhibit - 6.2.8 Jhimpir to Kotri GTPS 132 kV Single Circuit

)
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Exhibit - 6.2.9 Kotri GTPS to Jamshoro Old 132 kV Single Circuit Out

Exhibit - 6.2.10 Jhimpir-1 to TM Khan Road 220 kV Single Circuit Out
Exhibit - 6.2.11 Jhimpir-1 to Jhimpir-2 220 kV Single Circuit Out
Exhibit - 6.2.12 Jhimpir-2 to KDA-33 220 kV Single Circuit Out
Exhibit - 6.2.13 Jhimpir-2 to Jamshoro 220 kV Single Circuit Out
Exhibit - 6.2.14 Jamshoro 500/220 kV Single Transformer Out

Exhibit - 6.2.15 Matiari to Dadu 500 kV Single Circuit Out

Exhibit - 6.2.15a Matiari to Dadu 500 kV Single Circuit Out - Curtailment of
Wind Generation by 600 MW

Exhibit - 6.2.16 Jamshoro to Dadu 500 kV Single Circuit Out

Exhibit - 6.2.16a Jamshoro to Dadu 500 kV Single Circuit Out - Curtailment of Wind
Generation by 600 MW

The load flow results of the network in the close vicinity of Nasda Green WPP shown
plotted in Exhibits 6.2.1 to 6.2.14 indicate that all the power flows on the lines are
within the rated limits of this network.

For some critical outages of 500kV circuits shown in Exhibit 6.2.15 and 6.2.15,
capacity constraint was observed in 500kV network similar to the peak scenario
discussed above. Hence curtailment of WPPs as discussed above was carried out in
this off-peak scenario as well. Results after curtailment are shown in Exhibit 6.2.15(a)

and 6.2.16(a).

6.5 Load Flow Analysis for Future Scenario of 2022

Load flow analysis has been carried out for the peak conditions for future scenario of
2022 for the NTDC / HESCO network. All the future reinforcements that were
proposed till 2022 are modeled in the case.

Load flow simulations have been run for normal and contingency conditions. The
results are shown plotted in Appendix-6.

Exhibit 6.3.0 shows the normal case under the peak system conditions of future year
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on all the substations in Southern HESCO gr