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The Governmenl of India’s renewable endrgy (RE) target of 175 gigawatt (GW) has led to an unpgrecedented | |

capacity addition in recent years. In the case of wind encrgy, the Government has not only set a targat of |60 GW | |
but has a!su initiated competitive bidding, Fﬂulting in significant decrease in the cost of wind energy. O‘Ttiﬁg to| |
these initiatives, presently, India has su fully achieved 71 GW of RE capacity as on 30 June 2018,

In India, wind energy has been a flag bearer in the RE sector having 34 GW capacity, which is about -1‘18% LI‘- total | ‘
RE capacity. According to the National Institute of Wind Energy (NIWE), an autonomous bnd}r‘ unr‘,]er the: | ‘
Ministry of Mew and Benewalde Energy, ‘wim] power potential is estimated to be 302 GW at IWLmeéer Tl | |

height and hub heights of new wind machihes are higher than 100 meters., | | |

As in case of most natural resources, dew_llupmcni. of wind projects started in the 19905 and early Eﬂnd and it | |
‘ N ook place at the best windy sites in Tamil Nadu, Gujaral and the other hilly regions. As a result, schallek wind | |
| || turbines of lower capacity and efficiency were installed at best windy sites. Now turbines are much|bigger and | |
‘ | | with enhanced efficiency which have to setjle for lesser windy sites. For effective utilisation of ‘wind tesoyrce’ as | |
| N a natiofal energy source, it is necessary ﬂaa} wingd potential al these sites is appropriately utilized, | ‘ |

| || Thus, replacement of old wind turbineg with new wind turbines or ‘repowering’ assumes importance, | |
‘ N ‘Repowering was successfully execuled jin Germany besides other countries. The Government of India | |
announced the ‘Policy for Repowering uf"lr"li'ind Fower Projects’ on 06 August, 2016, , State Gur\rfmn‘\ent of | |
Gujaral has recently announced the ‘Gujarat Repowering of fhe Wind Projects Policy- 2018". However, despite
| 3 the palicy, actual uptake of repowering pro‘jecr is rather slow. In this context, an up to date and rev:ise‘d St‘L dy on | ‘
| N the ‘Framework for Repowering of Old Werd Turbines in India” commissioned by IGEF/GIZ and FJrepﬂ‘red by | |
‘ N Idam Infrastructure Advisory Pvbk Led adsumes importance. It critically analyses market for mpﬁw&ing in | |
| | India, reviews existing policies of both central and state governments and provides an overview of internhtional | |

| I sticcess stories. | I \

| | | | sincerely hope that this revised and upHated report by IGEF and Idam Infra re-ignites the debate lon the | |
| | challenges faced by repowering projects and leads towards potential solutions. [ look forward to an peceferated | |
‘ N push o the repowering of wind-turbines projects in India, thus contributing to the clean energy trapsitipn and | |
| N meeting the Intended Nationally 'Determim?d Contributions (INIDXC) goals. o | |
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Key Findings

™ India more than 10 GW of old wind turbinLes with less than 1 MW capacity are installed in véry
1 || wind rich class 1 sites. 2,5 GW with less than/ 500 KW turbine capacity are presently installed in
| | India. | |

| | Repowering these relatively old wind turbines with modern turbines promises to more than |
2 N quadruple the energy generation on these siFes. |

N | |
| \ \
N | |
K Capacity Utilisation Factor (CUF) of old winq plants with less than 500 KW even in wind rif:h

3 class 1 sites is in the range of 10-14%, while ‘in these wind rich sites the effective CUF can be at

least 25%. ]
|l |

|

|

\
Business models for successful implementa{ion of repowering projects in India have been‘
4 N developed. A promising one is covered in this report.

'l Lack of implementation due multiple reasoﬂs, but especially due to constraints, not
5 || incentivising sufficiently to bring very fragrhented, existing individual wind mill owners
| | together. |
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rAs wind ‘p‘ower generation facilities age through the years of operations, toward the end of their useful ‘lives,
roject (‘)v‘vners are faced with plant end-of-life decision‘s. This report is intended to inform policymak(‘ers, wind

power project developers, investors, funding institutions and other stakeholders within the wind industry

regardiﬂé the technological options, business opportunities and challenges associated with such plant‘en(h—of— |

life deciéibns, in particular, repowering. This report exténsively deals with several local site-specific issuels that |
are the ﬁdtential roadblocks for repowering in India. India has witnessed aggressive growth in harnessﬁng‘wind |
energy for nearly two decades. Development of wind power projects started way back in mid-1990's. These wind
power projects are located at the wind resource rich sites$, with turbines of very low capacity, less than 500
kilowatt| (kW) and with a hub height of not more than 25 to30 meters. The research carried out for thisstudy
reveals that such projects currently have an average capacity utilisation factor (CUF) of only10% to 14% even
thou ese sites have very good wind resource. It canbe understood that, had those sites been available for
though t itesh y good wind d d that, had th itesb ilabl
‘modern ‘innd turbines to be installed, the effective CUF Would have been at least 25%. |

Under sych circumstances, and amidst a conducive environment for accelerated growth of renewable energy,
‘the Govgr‘nment of India has announced an ambitious target of 160 gigawatt (GW) of wind and solar energy
‘installaﬁi?ns by 2022. The plan embarks upon wind energy deployment of 60 GW by 2022. To achieve sPch‘an

may not yield the desired outcome. Hence, to increase the wind energy portfolio and to ensure energy security

in the long run, repowering of old wind power projects appearto be the most effective tool to harness massive
\

&)otential of wind energy.

\ \
This report also aims to develop understanding of the reFowering framework in Germany, Denmark, SPair‘l and

Netherlands whose success in repowering of wind energy is commendable. Various issues acting as a bottleneck
\

the dauﬁﬂing issues for repowering, long-term sustainai)ility of projects and other relevant assumptiohs, A

ambitious target; depending on greenfield projects, esp?cially in windy sites with average wind resour?e p‘rofile,

and variuls interventions influencing the growth of repé)wering projects have been studied in detail. B‘aseh on

holistic business model has been proposed. The study addresses the concerns of various stakeholders wholare
likely to/be involved in the implementation of the proposed business model with clear definition of their roles
land respdnsibilities. Success of the proposed business model would also, to a large extent, depend on the |
Governrhent support at various levels — an aspect that has been covered in this report. Policy support ip thee
form of financial incentives, as well as solutions to potential regulatory and contractual hurdles, would be|
necessary if an accelerated deployment of repowering arPd investment in this business segment is to bq crqated.
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‘India hag ‘a cumulative renewable energy installed capac&ty of 69,022 megawatt (MW) as on 31 March 2018. Out
lof the total installed RE capacity, 34,046 MW is contributed by wind energy that accounts for 49.32% of tHe total
renewable energy generation capacity. Although the total potential of wind energy is more, the countrﬁr cah |
harnesslonly a part of it due to many reasons — a solution to some is repowering. The major areas with wind |
lenergy inktallations are concentrated in the western and southern parts of the country, mainly due to the | |
icoastal location that brings in wind and conducive policies of the respective states. Over the years, the States of |
Gujarat, Rajasthan, Maharashtra, Madhya Pradesh, Tamil Nadu, Andhra Pradesh and Karnataka have witnessed |
‘significqr}t investment in the sector. The cumulative degloyment of wind energy systems over the years is‘ |

‘shown i? ‘Figure 1. | o |
| | \ . |
m Cumulative Wind Installed Capacity (Mwﬂ o |
\ \ ] \
\ | | 40,000 \ | \
\ |l \ 34,046 | |
| N = | < |
= 30,000
| 2 | | 26,916 I
- 23,444
\ 2| 2>000 CAGR 21.18% > | \
B 10T L
& 20,000 17,350 :
2 15000 | 4157 I
I 051807 o
£ 10,000 '
\ | | 7,004 \ | \
| | 3636 | L
5,000 !
1,909 2224
\ |l | | \
\ \ \
\ \ |
\ \ |
| \
| |

In India} Wind power development commenced with thelinstallation and demonstration of the first wind tlrbinel
generatot unit, with a unit size of 55 kW. Installation of wind turbines of different class and unit sizes tanging
ffrom 90/KW to 225 kW quickly followed. With an increase in the participation of wind market in 1990s, fwind
turbines of 225 kW to 500 kW unit size was the preferred choice. In contrast, today, the most popular wind
turbine unit size in India ranges from 1 MW to 3 MW. The hub height of wind turbines, which was initially 26
‘rnetres(m)has increased to about 80m to 100m today. Tl}e standard commercially available wind turbir‘le ste
‘which W‘af 150 kW 15 years ago and 500 kW 10 years ago ) has now moved up to 2,000 to 3,000 kW. o

The evoHtion of wind turbines since the last two decadef is depicted in Figure 2.

\
\
|
\
\
\
\
e |\ - - - - - - — - — = = [ i



Ll‘he old Wind turbines below 500 kW range is still in ope%ation in many states such as Tamil Nadu, Gujarat,
&Vladhya‘ﬂradesh and Maharashtra. Studies reveal that aﬂout 10% of the total wind installations in Indig halve
hess thaﬁ Boo kW rating totalling around 3,500 MW. It wbuld also be worthwhile to note that most of tHese‘
turbines have been installed at Class I wind sites with high wind power potential. This shows that a sighificant
potential for repowering exists in India. \ |

To harnéss the available wind resource at these wind rich sites, repowering activities must be adopted 6n a
priority basis, which could be a viable option for the investors and would vastly increase the total renewable
energy generation capacity of India. \ ||

|
‘1 A | |
En Ind1a1 Ehe National Institute of Wind Energy or NIWE ferstwhlle C-WET) estimated the total potentl 1 of
installed capacity of wind energy at 100meter hub height to be302 GW. The objectives are framed based on the

WTG Raiting (KW)

target o'[l {ndlan Government of deploying 60 GW of wind energy by 2022. The primary objective is to la‘y a |
guideline

The broﬂ objectives of this study are mentioned below:

‘ |
6,000 } |
5,000
o 500 kW to 1 MW WTGR
PP 14 500 KW to 1 MW WTG u
y:

3,006 [¢
2009

1,000
b
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|
|

Years

Source: Idam Infra Analysis and Indian WindPower Directory,201

N \ \
O‘b‘jectlve Of The Study

for the optimum utilization of Class I wind resource rich sites by repowering the old wind turh)ln

[ |
1. Overview of the wind energy sector in India.

|
\
1. | Edentifying the potential benefits and challenges associated with wind repowering. |
\

\
1. | Pverview of international experience in repow?ring with focus on Germany, Denmark, Spain anq
| ‘Netherlands.

| |
IV.  Overview and identification of major factors that influence the decision of repowering by pro*ect

developers and the correlation between various factors

V. Detailed overview of the financial requirements of repowering and identification of suitable bu51‘ness
| ‘rnodel for all the parties involved. | .
VL. | betalled overview of the policy and regulatory Enterventions required. .
ViL. | H)etailed overview and identification of total repowering market potential in India. -
Vil | &(nowledge sharing through stakeholder consultations .
-t - - - — — — — — — |\ - - - - - — — — — — — = | =1 D
N |
- — o
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Ll“he stu&Q is divided into following four modules to provkde focused attention to each key component o‘f th‘e
\
° M‘ah‘ket Study for Re-Powering |
|

° E\‘/a{luation of Business Model and Selection

° Dl:\‘/elopment of Implementation Roadmap for Selected Model

e Development of Draft Guidelines for Repowering |
N
1.3 Potential Benefits And Issues Associated With Repowering Projects o

\

\

|

|

|
************ 1= T = =

|

\

|

|

|

|

|

\
[The old wind turbines, especially those nearing the completion of their life, suffer from several operational, \
technical and financial problems such as the following: | I |
| ® Poor control mechanism ‘ | ‘
| ® Grid integration control ‘ | ‘
| @ Poorregulation \ || \
| @ Reactive power control \ || \
However, there is a better alternative to addressthe sub-optimal utilization of Class I wind potential sites in the |
country, This process involves replacement of small WTGs with modern and more efficient WTGs of higheF |
Fapacityr 'r[‘his process is called repowering of old wind power projects. o |

(Accordir}g to a research performed by Grontmij, in 'Replﬁcement of Existing Wind Turbines, 2000', reqowFring |

Fan be dmle in any of the following ways:
° Oﬁ:—to—one replacement |
e Twp-to-one replacement
| P P | |
| ° C]Hstering into farm | |
® Oma—to—one up scaling of wind farm | o
ach of these alternatives has its own advantages and disadvantages. Alternative 1 has the largest electrici
& § g & riciy
Productﬁo‘n potential and alternative 4, the lowest. For e?ch alternative, there is a positive impact on thwe |
‘landsca[‘)e‘r, the best one being alternative 3,i.e., ClusterinF into wind farm model. |
‘In this study, clustering into wind farm model is envisaged, wherein,the multiple solitary wind turbine‘s at
differenL {ocations of a wind farm are replaced with higher capacity state of the art, but fewer in numbe‘r Gs

to develgﬁ awind farm. This model is very apt in the Indian context as the potential sites are filled up with
Lcurbines‘ Jvith very low capacity, which can be replaced b§ newer and higher capacity turbines.

| N |
L 3.1 | ‘Potential Benefits Of Repowering |

Repowering of wind farms offer several benefits as depigted in Figure 3.

Figure 3 Benefits of Repowering |
N
N
N

OPERATIONAL ENVIRONMENTAL



N \ \
-~ fechnicad 1 0 - T
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

iii. Hié;her efficiency.
| |

|

L II‘th’OVGd CUF at given wind farm site.
|

‘Operational

|
\
i. Efficient utilisation of potential wind sites producﬁng higher quantum of energy.
\
\
|
|

i. Rééuced operation and maintenance (O&M) costs.

ii. Modern wind turbines/farms offer better integratgon with grid.

iii. BtJ-:t‘ter management of grid parameters and provision of higher operational flexibility for the syste
of)érators
| |

Environmental

i Reéuced impact on movement of birds.

Financiawl |
L. Atf}}ieve better wind power economics.

ii. Reﬁluction in land area per MW of wind farm.

offerings.

iv. Cl‘e‘am Development Mechanism (CDM) benefits. -
pwing t? Fhe reduced number of turbines, chances of coHlision or affecting the movement of birds (mig‘rat?ry or
otherwise) is minimal. Moreover, the modern turbines %enerate less noise pollution due to higher desi%n |

‘sophisti‘cgtion and better technology.

| N | .
1.3.2 | Driving Factors To Influence Repowering Installations o

|
|
|
\
\
|
L A . :
ii. Reduced noise pollution
\
\
\
|
|
|
|

|
\ .
\ |
| .
\ .
\ .
\ |
\ .

iii. A ?itional energy generation can yield higher profits including more Renewable Energy Certiﬁc?te $REC)

| .
\

e Forindependent wind power producers (IPPs)/wind power generating companies trying to scale-up their |
wind portfolios and achieve critical mass rapidly, there has been a preference for turbines of larger size. |
TMS due to the power potential of a wind turbine ﬂietermined by the square of the rotor diameter‘ -3 large‘
thrPine, delivering more power than two separate turbines of half the size.

e In addition, for offshore markets to minimize the installation cost per MW, a significant proporﬁion‘of the
ccTs‘t of foundation (the largest possible capacity) ﬁs installed on each foundation unit.

From the Government perspective, following are the reasons to promote repowering: I

|
\
\
\
\
|
|
| e Theadditional generation will create a larger base for wind energy, thereby increasing the renewable
| energy portfolio of the country. | |
t
\

being’ improved, since the number of turbines is reduced in the changed scenario. |

133 | ‘Key Implementation Issues And Challénges o

|

\

\

|

|

|

e Although the repowered wind turbines are taller inh height, quality of the landscape is often percé¢ived as |
\

\
%everal éﬂallenges exist in the implementation of repow‘ering program on a large scale. Majority of these |
khallenée‘s are technical, administrative and contractual‘ in nature. However, a conducive policy regimé anh a |
Lstructuréﬁ business model can help address the Concerng of all stakeholders and pave way for the adopkioﬁ of |
|

ﬁ:epowerﬁﬂlg in many states. The challenges in early adoption of repowering are as below: o

| ‘ine Ownership: | o \

************************ - - =

l. Turb



Mu‘lﬁple owners of the same wind farm land may cteate complications for initiating repowering ﬂrojécts.
iii. Pclv‘ver Purchase Agreement (PPA): | L

The procurer may be not be interested to modify/re‘vise a PPA signed with the state utility for 10, io y‘ears

or Hore, before its expiry, as the new tariff would b‘e higher than the one at which the original PPA wgs

sighled. | |
| | |

iv. Electricity Evacuation Facilities: |
The‘: ‘current grid facilities that are designed to supp‘ort the generation capacities may require |
auér‘nentation and upgradation. | |

V. Adwtional Costs: |

Ad‘dﬁtional decommissioning cost for old turbines needs to be assessed. Although, these costs caq be

covered to a large extent by the mere scrap value of old turbines.

|| \ \
Vi. DiFPosaI of Old Turbines: | |

Olq gurbines can be disposed either by scrapping or| buy-back by the government or the rnanufactyrelf, or
by ﬂ(porting to other countries. The old turbines czﬁnnot be installed in any other location within Fhe |
country.
T | |
Vii. ka of Incentives: ‘ |

One pf the primary barriers to repowering is the general lack of economic incentive to initiate the project.

viii. Palicy Package: \ |
Unavailability of a proper policy framework encouriaging repowering project. |
Considering India's power requirement, percentagé of RPO of various Indian states and the target set| by
the Government, repowering would be an ideal option. This will also encourage the wind power market in
the country to fully utilise the wind resources at many good wind rich sites. |



2. Market Potentlal
Assessment For
Repowermg

2.1 Wind Power Development In India \ \

[ndia hakswitnessed substantial growth in wind energy capacity addition over the last decade. The growth |
imomentum has spread across major wind rich states su¢h as Gujarat, Maharashtra, Madhya Pradesh, | |
Tamil Nadu, Rajasthan, Andhra Pradesh and Karnataka.However, it is observed that there were significant
installatiens prior to 2002 involving wind turbine generators with capacity less than 1 MW. The first WI'G was
commissjoned in the late 80s with a turbine capacity size of just 55 kW, and thereafter the size starte
issjoned in the late 8 ith bi ity size of j kW, and thereafter the WTG si d
‘increasipg. Till date, around 19,503 WTGs of below 1 MW capacity is installed in various parts of the COlTll’lt]T’y
‘with a Cﬁlmulative capacity of more than 10,578 MW. It is pertinent to note that, these WTGs are installed iP the

best wind sites of the country highlighting a bare fact that these sites are not optimally utilized. Distribution of

| \ \
Gs of capacity less than 1 MW is depicted in Figure 4. |

N
: o — |
Figure 4 WTG Capacity Wise Classification (From 1‘989-90 to 2016-2017)
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The aboté graph shows that if the installed WT'G of Capatity size less than 1 MW is considered, a repowEriﬂg
potentidllof at least 10,578 MW exists which is spread actoss 19,500 odd wind turbines. |
|

‘500 kW H taken into consideration. As on 31 March 201’}, around 2,484 MW of installed capacity exists‘ Wiﬁh

turbine $ize below 500 kW. Each of these WTGs can be réplaced with more efficient WTGs with a turbinle having
Capacity Between 1 to 3 MW. CufTently, in the Indian markeft, turbine manufacturés such as Siemens Gamesa, 1~ ~
INOX, Suzlon Energy, Vestas Wind Technology, GE Indid, Regen, Acciona, etc. have turbine models of dapdcities | |
greater thantMW. Siemens-Gamesa-andINOX have-wind turbines with-capacity ranging up to2MW, Syzlohup +— — — |

Itis also‘ 3bserved that a significant repowering potentie{l exists in the country if WT'Gs with capacity si‘ze ﬂelow
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Installation of new turbines of higher capacity results inlthe overall increase of capacity by 2 to 3 timesl. |

Lfigure déf)icts a significant quantum of installation of WTGs of capacity below 500 kW. Besides, the makimum

\
\
|
|
|
= =
|
Based Olll khe WTG capacity, the development of wind enLergy in various states is illustrated in Figure 5. ‘Thé |
|

botentidl for repowering of such projects with turbine size below 500 kW exists in Tamil Nadu, Mahardshtra and
Gujarat With an installed capacity of 1,744 MW, 302 MW land 202 MW respectively. |
| N |

m All India WTG Wise Installed Capacity as o‘n 31 March 2017
!

I P3
| |
] |

2.2 Methodology For Market Potential Assessment For Repowering o
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Source: Idam Infra Aleysis
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\

‘During our analysis for assessment of repowering potenﬁal across the country, the installed capacity of edch
WTG walslconsidered. The analysis considered installations since 1995 to bring up the potential in the respective
states. Analysis of market potential included turbine size, completion of operational life of 15 years, year of |
lcommiskioning, resource location, operating PLF (Plant/Load Factor), etc. The primary data collected was| |
mnalysed psing the above parameters to quantify the number of turbines of each category of capacity size across |
all states,| ‘ | ‘
From thig analysis, the total capacity for repowering potential for each state was identified. Based on the criteria
‘such as Fl}e life of project, WTG capacity size, etc., the pqtential that can be repowered commencing frqm 2017,
‘as well aws‘quantiﬁcation of potential for the next 10 yearf, i.e., till 2027, was performed. This analysis vyas |

\

underta]ﬁ:n depending upon the date of commissioning of wind power plants. To identify the potential, projects

|
‘commis‘si‘oned prior to 2002 were selected. The results a‘lre summarized in Table 1.

| ||

| |

| |

\ |

\

|

|



Break-up of All India installed WTGs(COD prior to 31-Mar-2002)

Andhra Pradesh 84,890 1,500 86,390 |
Guijarat 1,51,795 2,200 1,53,995
‘ ‘ ‘ Karnataka 30,075 ‘ 36,900 66,975 ‘ ‘ ‘ |
\ | | Maharashtra 2,41,795 \ 1,59,150 4,00,945 | \ |
Madhya Pradesh 21,100 0 21,100
| 3 Rajasthan 14,040 | 0 14,040 ‘ ‘ ‘ |
\ | Tamil Nadu 7,75, 780 \ 58, 250 8, 34 030 |

‘ ‘ ‘ Source: Indian Wind Power Directory] 2017 |

\ | \ |
o Estlrﬁte of repowering potential for WTGs with capawcity sizes less than 1,000 kW and with date of
comrnissioning prior to 2002 is 1,577.4 MW.

‘o Tamfl ‘Nadu (834 MW) and Gujarat (153MW) lead the k’epowering business opportunity.

\ | | \ | | |
‘Further,‘ iF case of the WT'Gs commissioned prior to 2007, there powering potential for such projects

completing an operational life of 15 years till 2022, is summarized in Table 2.

\ |
B s wiereponeringpoenial copady<twwy
Break up of all India installed WTGs ( COD prior to 31 Mar 2007 )

H——_—ﬂ \

Andhra Pradesh 86,240 31,200 1,17,440 |
‘ ‘ ‘ Gujarat 1,59,595 ‘ 2,77,850 4,37,445 ‘ ‘ ‘ |
Karnataka 45,945 4,90,300 5,36,245
| . Maharashtra 2,42,545 3,49,550 5,92,095 ) | ‘
| 3 Madhya Pradesh 21,550 20,700 42,250 . | ‘
| | Rajasthan 52,725 | 2,69,550 3,22,275 . | |
‘ ‘ ‘ Tamil Nadu 14,66,320 ‘ 8,80,000 23,46,320 ‘ ‘ ‘ |
Kerala |

m——_—“

Source: Indian Wind Power Dlrectory 2017

\ \ | \ |
0 Estlrﬁ]te of the repowering potential for WTGs with ?ize less than 1,000 kW and date of commissiorrin% prior‘

to 2007 is 4,372MW.

‘o Key thtes —Tamil Nadu (2,324.3 MW)), Maharashtra‘ (592 MW) and Karnataka (536 MW). . | |
\ | | \ | \ |

‘Similarl to assess the potential for the next 10years, i.e., up to 2027, the capacity commissioned from 2002to

2P \
2012 were identified. The repowering potential of each state (till 2027) is identified in Figure 6. The graph
‘covers t“/v‘o bars - one showing the repowering potential‘as on 2017and the other showing the repoweri‘ng | | ‘
&)otentieil Lchat would exist by the end of 2027. o | |
| | | | | |
- - -ttt - - - - - - "4 - - - - - - - - - -/ 7+ -1t - =



| |
g 3,979 | |
s

| 5 \ |

8 | |

g 1,261 | I

I 834 | 857 1034 929 |

§ ey \14. p 67. 21202 2% (a4

|| = TN G) | R MH KK MP AP KE |

¥ Rdpowering in this FY 2017 (MW) 834 154 || 14 401 67 21 86 0 |
u Next 10 years ( 2017 - 2027) (MW) 3,979 | 1,261 ‘ 857 1,034 | 929 202 209 34§

2.3 Market Potential In India (focus On Tamil Nadu, Gujarat) |

As illustrated in Figure 6, the major potential for repowering is in Tamil Nadu and Gujarat. Hence, these two
states have been selected for further study and analysis of site-based potential. |

23.1.

Tamil Nadu | o

Tamil Nadu has the highest installed capaci‘ty of wind energy in India. The installed wind enel‘:gy
capacity of the state is 8,197.08 MW as on 31 March 2018. This accounts for 24.01% of the <‘:ountry's
total installed wind energy capacity. The st£te has some of the India's best wind resource i‘ich‘ sites
that include Muppandal, Tirunelveli, Kethahur, Poolavadi, Gomangalam etc. The wind res‘ouljce

rich sites have a wind power density rangin% more than 200-250 W per sq.mt.

Analysis of wind resource rich sites with the highest repowering potential is depicted in F guﬂe 7.
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| N Muppandal Poolavadi‘ Kethanur Perungudi

| N Wind Rich‘Sites in Tamil Nadu |
‘ ‘ ‘ M Total installed capacity B Capacity with WTG <50p KW I Projects installed <2000 and WTG capacity <500‘ KW
\ | | \ \
‘ ‘ ‘ ‘ Source: Indian Wind Power Directory,‘ 2017

\ || \ I

\ | | \ I

| | | The above figure shows that sites such as Muppandal, Poolavadi etc., have huge potential for |

\ || repowering. As observed, Muppandal area alone has installed capacity of 279 MW, out of which,
| N around 227 MW was installed using turbine‘s of capacities 500 kW or below. When we congideF

| K projects commissioned before 2002 with WFG capacity size of 500 kW or below, sites sucl} as |

| Muppandal, still have an installed capacity Pf 149.5 MW. It may be noted that, these projects

| present immediate repowering potential as prevalent in 2017 since all these projects fall under the
|

|

\

\

\

\

|

|

\

\

\

\

5 category of having completed at least 15 years of project life with WTG capacity size of 500 K | or

below.

A similar exercise was performed to estimaée the installed wind energy capacity of Tamil 1\‘Iadl.1,
based on the WTG capacity and the year of éommissioning as shown in Figure 8.
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Figure 8 WTG Capacity Wise Installation in Tamil N‘adu Since 2002 o | ‘
\ |l 14,000 | —| \ |
\ |l \ | \ |
\ |l \ | \ |
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\ |l \ |
‘ ~ 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 ‘
> 2000 - - - | - [ 15|43 9496 [107]117]134] 157
‘ B >1500and <=2000 | - 3 | 32 | 118 | 165 | J06 | 237 | 296 | 363 | 423 | 448 | 462 | 470 | 497 | 540 |
\ ®h1000and<=1500 | - | 30 | 124 | 309 | 508 | 648 | 725 | 865 | 1,00|1,17] 1,51 [ 1,57 | 1,60 1,69 1,73] 1/79]|]
| Ppsooand<<100 | 91 | 179 | 366 | 650 | 973 | 1,22| 1,44 1,64 1,96| 2.61|3,07|311|315] 317| 3.18| 322,
= <500 2,91(3,00|331|398|4,70|519|544| 558|585 6115|626 | 6,27| 6,27| 6,28 6,29 6,29
| otalno of curbines | 3,00 | 3,21 | 3,80 | 4,97 | 6,20 | 7.22| 7,82 8,33 | 9.13| 10,3 | 13| 11,5| 11.6| 11.7| 11,8| 12,0

Source: Indian Wind Power Directoryl 201%

I~ — T “wind energy potential. Dhaank, Lamba, Nevadra and Mervadar sites in Rajkot and Jamnagar | ~ 1

By 2002, Tamil Naduhad already installed alcapacity of 834 MW. As also observed, 78 WTGs have | |
capacities higher than 500 kW and less than 1 MW size. However, all other WT'Gs used werle of | |
capacity sizes less than 500 kW. Hence, all the projects had completed 15 years old and the | \ |
repowering potential so far stands at 834 MW. A gradual increase in the deployment of WG with |
higher capacities was observed over the years By the end of 2017, there is still 6,296 turbir‘les Fn | |
Tamil Nadu having capacity sizes less than ‘500 kW of WTG size.

Gujarat | . \ |

In India, Gujarat is one of the leading states for wind power development. Till the end of March \ |
2018, Gujarat had an installed wind energy tapacity of 5,574.75 MW. In a document published on 26| |
April 2015, MNRE has envisaged at least 8,800 MW of wind power to be installed in Gujaralt by 2022 |

Bhavnagar, Rajkot, Kutch and Jamnagar areé the four major districts in Gujarat blessed withrich | |

districts have old wind farms at an excellent wind resource site considered as the potential site for | |

— — — [~ — ff Twepoweringr — — — — — — — | — — — — — — — — — — — [ — + — —



|
77777 [l Analysis of few wind rich s?cesTNitEhigheg‘ repowering potential is shown in Figure 9. S -
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‘ ‘ ‘ Source: Indian Wind Power Directory,‘2017

| | The above analysis shows that these four sites have huge potential for repowering. As observed,

| | only Lamba area has an installed capacity of 83.8 MW, out of which around 41.8 MW was instdlled
| | using turbines of capacity sizes 500 kW or helow. When projects that were commissioned before
|| 2002 are considered with WTG capacity sizes of 500 KW or below, sites such as Lamba, still has an
N installed capacity of 37.9 MW. It can be saiq that these projects present immediate prevalqnt |

A similar exercise was undertaken to estimate the installed capacity of wind energy in Gujarat,

N . \ o - ]
! based on the WTG capacity and the year of commissioning as shown in Figure 10.

|
N
N
N

repowering potential as on 2017, since all tl?ese projects fall under the category of having |
completed at least 15 years of project life with WTG capacity sizes of 500 kW or below.
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‘ HEPTERIUN  Repowering Potential of Gujarat | o | ‘

| | | |
e e

WTG capacity wise installation since 2000 | | |

\ |l 5,000 ‘ - \ |
| || \ | |
w 4,000
\ 4 | | |
\ \»;4; 3,000 | | |
S
| \.é | | |
2,000
\ |3 | | |
| - I |
g ,000
| || \ | |
\ N " 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | \ |
\ = >[2000 = . = . = . 111 1 | 9 |13 | 107| 147|197 | 219| 261 | 534 | | |
| m>pspoand <=2000 | - | - | - |1 | 1[4 [16]]16 |30 |47 | 131] 165 174 221|336 | 697 | | |
| =>mooana<=ts0 | - | 3 | 18| 37 [ 71[ 152|388 530|636 | 764 [ 798 | 805 | 819 | 825|842 [870 | | | ‘
= >'500 and <=1000 3 | 6 | 24| 54 | 104|385 639|769 | 915 | 1,03| 1,40| 1,52] 1.69| 1,75| 1,81 1,87
‘ = <ksbo 659 | 659 | 669 | 676 | 679 | 684 | 770 | 784 | 797 | 815 | 843 | 843 | 854 | 855 | 858 | 859! | | ‘ |
| +Total no of turbines | 662 | 668 | 711| 768 | 855 | 1,22| 1,81| 2,10 2,38| 2,67 | 3,28 | 3,48 | 3,74| 3,87 | 410 4,83| | | |

Source: Indian Wind Power Directory, 2017

The above analysis shows that by 2002 Guj;;rat had an installed capacity of 154 MW. Only khri}e
WTGs were of capacities greater than 500 kW and less than 1 MW size; however, all other WTGs | |
used were of capacities less than 500 kW cohtributing to the development of 154 MW. As all the | |
projects had completed 15 years, they were kligible for repowering. Therefore, Gujarat withessed a | |
gradual increase in the deployment of WTGfs of higher capacity over the years By the end df 2917, | |
there is still 859 turbines of capacities less than 500 kW. | \ |



Consultatlon and Key

3. Stakeholder o
Learmngs +

LThe purpose of stakeholder consultation was to highlight the key issues influencing repowering decisions ‘and
&Jrovide H)ssible solutions, recommend policy requirements, highlight techno-commercial needs with‘ tot‘al
market Mtential for repowering of old wind turbines in India. A theme-based questionnaire was creatéd and
circulated amongst the various stakeholders to receive feedback and suggestions on various issues that méy
impact thle future of repowering projects. The questionnaire was based on the themes mentioned in Figurd 11.

m Questionnaire | ]
| o

\ .

\ ||

Policy and
Regulatory
Interventions

Technical Commercial Investment

and
Key Considerations Issues Issues Issues

\
\
|
\
\
| Eligibility Criteria
\
\
\
\
\
\

l1“0 gather different perspective(s) of various stakeholdells associated with repowering, a consultation process

khrough skructured interview was planned.

| N | |
puestip‘nnaire was circulated to the foIIowing stakeholder groups as under: o

e State Nodal Agencies: GEDA (Gujarat), KREDL (Katnataka), MEDA (Maharashtra), TEDA (Tamil Nadu)
anqi BRECL (Rajasthan). | |

e State Utilities: Gujarat, Maharashtra, Karnataka, Rpjasthan, Tamil Nadu and Tata Power. |

|

|

!

1 ® State Electricity Regulatory Commissions: GERC (ijarat), MERC (Maharashtra), KERC (Karnatabga),\
| MI"E(RC (Madhya Pradesh), RERC (Rajasthan) and ’JENERC (Tamil Nadu). o
\

|

|

° Wip‘d Industry Associations: IWPA, INWEA, IWTM and WIPPA. |

° WIPF developers/IPPs.

° W’{‘(ﬁ manufacturers

Friteria qqr repowering projects. The analysis of the responses is shown in the following sections.

|

|

|
The purpose of the questionnaire was to identify the major impediments, catalysing factors and eligibility

\

|

|
\
\
\
\
|
|
\
|
\
\
\
\
\
|
\
\
|
|
\
\
\
\
|
|
\
\
\
\
|
|
_ 31 Analysis Of Response Of The Questionnaire R
The responses were classified into four segments, name{y, eligibility criteria, technical aspects, commercial |
ﬂ'i

aspects, and policy and regulatory interventions required. The subsequent paragraphs deal with each of these

**:Ep*_ﬁ ************ \ - - - - - - - — — — = = | = =



344! Elgibility criteria | - - T T T 1
The decision of repowering is based on seve‘ral factors. The questionnaire included questi(J)ns ‘on
appropriate turbine size, balance life of pro&ect, wind farm size, connectivity requirementg etic. In

N many cases, there are operational projects Where the installed per WT'G capacity size is leds tHan

'l 500 kW but have completed an operational life of only five to seven years in some other cases| the |
| | WTGs are installed, each of capacity size 1 MW or above with a completed life of more than 10lyears |
| | Such scenarios extensively persist in the wind industry in India. Hence, a conscious call regarding |
|| theeligibility of wind projects for repowering should be taken at an expert level. The eligibility \
|| should consider factors such as old and lesser capacity size turbines, completed project lifg,
N number of turbines in a windfarm etc. | |
N The responses sought in this regard have bgen analysed and presented in Figure 12. The

I stakeholder responses are shown in percenFage terms.

\

\

\ \

Eligibility Criteria for Turbine Size and Balance Life |
|

\

[

Appropriate Turbine Size Balance Useful Life

50%

5Yrs 8Yrs 10 Yrs Others

| | <300kw <500kw <100kw Others
|
|
|

'l around five years of remaining service-life to be eligible for repowering. ]

\
|
|
|
\
|
\
|
|
\
\
|
\
|
\
It is observed that more than 50% of the sta‘lkeholders have WTGs of capacity size less tha‘n 330 kW,‘
which is apt for repowering. In terms of balgnce useful life, over 40% experts believed it rﬁus{ have |
|
Il Stakeholders also suggested that the minimum number of WTGs in a windfarm must be moré than |
|l 10. As repowering is not necessarily a one to one replacement scheme, it may involve replacement |
| | of several low capacity WTGs by a new one of higher capacity. | |
| | \ ||
FEATCNER  Eligibility Criteria for Windfarm Size |
N | |
\
\

| | Windfarm Size

40% 80% ||

o ‘ 60% -

|| | 40% o

20%

N \ 20% ]

& | 0% -
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T m addition, any repowering initiative in a rhulti owner windfarm would require a holistic| business I
\ || model that would suffice the requirement of all owners such a comprehensive case canbela | \ |
| | | precedence to develop appropriate Policies and Regulations. The most pertinent aspect of | | |
| | | repowering is represented in Figure 14. | | | |

PGECTGRES  Eligibility Criteria for Offtake Arrangement || | |

\ | | Connectivity Requirement ‘ Offtake Arrangement | ‘ |
\ 50%| 160% | | |
0
I ‘igf I |
0

30%

| %] 30% | | |
20

| il |20% I |
10% 10%

| P % o \
0% 0%

an thers ale to ird part aptive use above thers
| || 1MKvand 33KV 66 KV 132KV Oth | sal Third party Capti Allab Others | | | |

The above figure shows that many stakeholders suggested that WT'Gs must be connected to at least

33 kilovolt (kV) transmission line for evacuation. It is evident that most of the old wind power
\ |

| N problem for evacuation of higher capacitie§ upon repowering. As repowered projects would have a | |

projects in both Gujarat and Tamil Nadu aré connected to 11 kV that poses a serious technihal |

| | significant higher energy generation, it wolild require 66 kV interconnection to the substdtion. The! |
| || Green Energy Corridor project in India needs to incorporate repowering potential sites as major | |
| || generation centres and design the evacuation infrastructure accordingly. Besides, the state | | |
| | | transmission companies of wind resource rich states should involve wind power developer's yiews | |
‘ || for their periodic transmission planning. Without proper transmission infrastructure up-gradation |
| || toevacuate the repowered energy, possible‘repowering projects will be hindered, thereby | | |
| K harnessing sub-optimal premium wind respurces. o | |

| 3.1.2] Technical Aspects \ | | |

| || Repowering would enhance the generation of electricity from a site. While, a complex blend of | |
| || various issues would be a bottleneck for repowering, there are some technical reasons that would | |
| | | support repowering decision. The responses are presented in Figure 15. | | |

| VRN Technical Parameters to Support Repowéring - ‘ ‘

| | | All other options mentioned below | | | |
| | ‘Equipment was at the end of its useful life . | |
‘ N Technology was outdated
| N Increasing net capacity factor
Lowering O&M costs

— |7 — T T IncreasingTtotal plantrated capacity - 1 - 1 — —

N 0% 5%l 10%  15%  20% 25%  30%  35%  40% | | |
- ‘7 o ﬁ R 7‘ - 750@8: I@anﬁnd%werﬁrecw, 201 o "7 o ‘



~ I 7 TT "Many technical factors have been cited as factors that influence repowering decisions. Thé major |

| || factors as cited by stakeholders include incteased plant load capacity (PLF), deployment of néw | |
\ || WTG technology and lower (O&M) costs amlong the others While the supporting factors for | \ |
| | | repowering have been identified, the technical issues that pose as challenges for repowering, have | |
\ | | alsobeen identified as outlined in Figure 16, | \ |

[ \ | \ |
Flgure16 Key Technical Issues i o | |

All the options mentioned below
Upgradation of internal network within wind
Upgradation of existing pooling substation

| | Adequate infrastructure like approach road
‘ || Adequacy of evacuation infrastructure

Adequate wind potential

‘ || 0% 1?% 20% 30% 40% 50% 60% 70% 80% 90% 100% ‘ ‘ ‘ |

| || \ Source: Indian Wind Power Directory} 20171 | |

| N The above Figure shows that, more than 90‘% of the respondents have cited adequacy of eyacufation‘ |
infrastructure to be single most important Fechnical parameter and a prerequisite for repcrwer:ing |
projects. While a significant number of respondents have opined the feasibility upgrade to‘ th?

nearest pooling substation as a key decisior‘l parameter.

| 3.1.3] Commercial Aspects \ | \ |

| | | Commercial issues are complex and entails/dealing with multiple stakeholders such as the | | |
\ | | windfarm owners of a single windfarm, suppliers and O&M agencies, parties of PPA like utilitjes. | |
| || Since repowering of old wind turbines may replace multiple smaller capacity turbines by few | | |
| N higher capacity turbines, multiple commergal issues should be addressed. Few such releant‘ | |
issues were framed in the questionnaire anﬁi presented for expert stakeholder suggestionﬁ. TlPe
responses are compiled graphically in Figufe 17.

\ o \ |
m Ownership Issues of Windfarm | o | ‘

\ | \ | \ |
Whether share of wind installed capacity of a owner in the wind farm In case, any WTG owner is unwilling to go for repowering of its

| lcan be a criteria for sharing the initial capital and others costs for |  turbines in the wind farm, should the WTG owner be compensated | |
repowering as well as the revenue after repowering the windfarm?  insome way for the wake losses caused by repowered turbines that

| || | areinstalled at higher hub heights | | | |

| 10p%
o
i

40%
| ™
20%

o
o
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“In a scenario where fewer number of low ciaba?ityi\}VTEs are decommissioned to accommddatea |
modern WTG of higher capacity, 80% stakeholders suggested that, share of wind installed capacity| |
of an owner in a windfarm can be a criterion to share the initial capital cost, while the revénué | |
earned from the project shall be shared in the ratio of equity investment in the project. Ina | | |
scenario where an owner is not willing to go for repowering, nearly 80% of the stakeholders reveal,| |
such parties should be compensated for thejr land. I ‘ |

There are several land ownership models ac¢ross various states. Windfarm land is owned by | | |
multiple owners in a farm either on project|plot basis or footprint basis. Further, there are isspes | |
associated with Right of Way, access/approach road and lease of land. One major commergialjissue | |
in repowering is the necessity for modiﬁcaqion of the old PPAs. Any repowering initiative Yvoqld | |
mean additional investment for the desired‘ additional generation. This would increase thff per unit | |
generation cost. Since the utilities are already in a secured PPA with developers with still wa years |
of plant life remaining, the utilities would be sceptical to such an initiative as they are procuring

Whereas, in the repowered scenario, developer would recover the additional generation cost

power at a much cheaper rate through the existing PPAs.

through a higher tariff. Under such circumgtances, opinions were sought from an expert aLbodt the |
possible solutions regarding commercial issues.

| SEOTCREN  Land Ownership Issues | | | |

what are the modifications in land ownership/lease ‘

What kind of commercial arrangements are followed for IFnd ‘ ‘ |
agreements required in the following cases to enable

allocation for multiple WTG owners in a wind farm?

‘ | repowering of the wind farm: O | | |
| 38%\ i $0% — \ |
| 60%)| | 0% [T | |
50% 30%
| 40%| | \ \ |
30% U
20%|
|20 10% | |
| 0% | | 0% | |

lmand sub leased Acquisition
‘ ‘ by land owner
to multiple WTG WTG owner

I

= =

Acquisition of  All the above
land by WTG | | |
owner on
footprint basis | | | |

Acquisitionof  Ifany other,
land by WTG please elaborate
owner on
on plotbasis footprint basis \

Land sub leased Acquisition
by land owner ofland by
to multiple WTG WTG owner

owner on plot basis

The study reveals that there are varied fesponses regarding the commercial impediments off |

ofland by

owner

repowering. Many respondents opined that though modification of the existing PPAwould be amajor |
hurdle, the modification of tariff would be a major challenge. It is well understood that nqt only the, |
additional cost of per unit generation must Pe reflected in the modified tariff, but also the‘incFeaseq |
cost cannot be imposed on the utilities. It r?ust be adjusted either through the governmer‘lt stsidy‘ |

\ |
above paragraph, most of the stakeholders have opined that developers should be compensated either

through additional feed-in tariff (FiT) or through capital subsidy in the form of A(‘:cel‘erated‘ ‘

route for limited time till the completion of tPe early PPA, or through some new market meclran%sm.

Regarding the aspect of whether the developer should be compensated or not, as discussed in the

Depreciation(AD) or Generation Based Incentive (GBI). The responses are compiled as ‘sh&wn in‘ |
“Figures19and 20respectively. | 1o 1T 7 —

\ | |
- - - - - - - - - - - - — — — — — — — — = = = - =

— |t —



Figure 19 Commercial Issues Related to PPA

Considering utilities and the WTG owners/project developers are already engaged in a
secured PPA, what are the commercial impediments for repowering?

40%
30%
20%
10%
0%
Modification Additional Modificationto  Regulatory Treatment Lack of
to tariff investments term/tenure of  approvals  during Transition  appropriate
required PPA or Offtake period compensation
agreement

Figure 20 How the Developer should be compensated

In case Utility demands to be supplied at old PPA rate after repowering, how can the developer
be compensated for increased cost incurred for repowering of wind farm?

40%
30%
20%
10%
0%
Additional FIT Govt. subsidy Additional RECs Combination of both
like GBI/AD (or REC multiplier)

In consultation with the response of stakeholders, it is observed that majority has opined that
higher tariff approved by the Commission would be a way of making the utilities procure power at
the current tariff that is higher than the tariff in the old PPAs. Alternatively, the RPO compliance
mechanism can be strengthened to compel the utilities either to buy repowered power or to buy the
required REC(s).

Figure 21 Procurement of Power at Higher Tariff

In the present scenario, under which of the following conditions you think, utility would agree to
procure the repowered power at higher tariff?

50%

40%

30%

20%

10%

0%
Utility is power deficit Utility falls short of All the above

RPO target



SE01-¥M Capacity Yield Factor and Energy Yield Factor

While Energy Yield Factor for repowering project would While Capacity Yield Factor for repowering project would
vary from site to site, what are the expectations of the vary from site to site, what are the expectations of the
Wind Power developer in respect of minimum Energy Wind Power Developer in respect of the minimum
Yield Factor out of a repowering project? Capacity Yield Factor out of a repowering project?
60% 90%
80%

70%
60%
50%
40%
30%
20%

EYF should be 2 EYF should be 2.5 EYF should be 3 CYF should be 1.5 CYF should be 2

While it is understood that both capacity yield factor and energy yield factor parameters are site
dependent and would vary from case to case basis for repowered sites, under ideal scenario, around
50% responses said the energy yield factor should be 2. While more than 80% of responses
suggested capacity yield factor should be 2.

3.1.4 Policy And Regulatory Interventions

It is understood that any repowering initiative would not only increase the electricity generation by
2 to 3 times, it will also make the appearance of the landscape better. Moreover, repowering would
help to fetch the aspirational target of the Government of India having 60GW of wind energy by
2022. However, to promote the repowering projects by the developers, certain policy incentives are
envisaged. While most of the stakeholders believe that the GBI per unit of energy generation would
be the best instrument, some stakeholders believe that AD or capital subsidy would be the best way
to incentivize the investors Policy incentives for repowering is represented in Figure 23.

Figure 23 Policy Incentives for Repowering

In what way should the current policy incentives be altered to that could be offered for
promotion of repowering projects specifically?

60%
40%
0%

GBI Accelerated Capital subsidy Others, tax benefits
depreciation

Apart from the conventional forms of incentives for the promotion of wind energy, other
promotional features such as concessional debt funding support are also envisaged. As shown in
Figure 24, around 75% of the stakeholders have opined for low cost interest funding to be
incorporated in the policy framework. Such low-cost funding can be entrusted with organizations
such as Indian Renewable Energy Development Agency (IREDA), Export-Import (Exim) Bank,
Power Finance Corporation (PFC), etc.
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- Figure 24 Other PEicy?up}oE
| |

| | Whether concessional debt funding support is required for |
repowering?
‘ 1 OOAA) ‘ ‘

\ o0%6| \

80%
\ 70%| \
60
ool
‘ 403;0‘
30%
\ 20%|
10%
\ obe |
\ |

graphically in Figure 25. |

| Regulatory Initiatives for Repowering |
| \

repowering projects financially viable. SomF other features offered by the Regulators are ﬁhox(vn

Whatis the preferred nature of support? ‘ ‘ ‘ |

Loan with Loan with longer Low Cofst | | |
longer moratorium and interest
tenure deferred fundng | | |
repayment | | | |
structure

While policy parameters can catalyse repowering initiatives, the congenial regulatory framework | |
would drive the scheme forward by providing long-term certainty to the investors for the sale-to- | |
distribution company (DISCOM) model, inv‘estors would look at a higher tariff to make th(F | | |

| | | What are the Regulatory incentives that could be pffered for promotion of repowering projects? || | |

‘ || Allow amendment/extension of existing PPAs with
utilities with effect of repowering

Higher number of REGs per unit generated from
repowered projects

| |1 1 unit purchase from repowered projects could be
‘ N considered as 2 units or (appropriate multiples) for

RPO compliance
\ N

Specific RPO for purchase from repowered projects

Additional FIT

046 5% 10% 15% 20%  25% 30%
\

s || \ |

\
The above Figure demonstrates that stakeholders have favoured the amendment of existing PPAs

and provision of additional FiT's as the most coveted measure for repowering initiatives toward

| | implementation.

- ‘cljvemp%enL agencies provided useful insights as well Las raised several issues that may hinder the rep?vgring -

- -t - — - - - 4 - - - - - - - - - — =~

3.2 Summary Of Stakeholder Consultation Process | | |

Consultation with the members of wind energy associations and officials of state renewable energy | | ‘ |

-
of old wind projects in India. The key driving factors for repowering as stated by various stakeholders are
summarized below: | | \ |

L t”-CZ
| I | T \
| N | o |



repowering. | |

e Upgradation of existing evacuation infrastructure is cited as one of the most critical factors to ungdertake
reli wering projects. WT'Gs must be connected to a} least 33 kV or preferably 66 kV lines for propeﬁr |
evacuation.

\

\

|

|

|

|

|

\

|

| e Share of the installed capacity of an owner in a windfarm can be a criterion for sharing the capital
| invelstments as well the revenues after repowering fthe windfarm in the ratio of equity investments. |
|

|

\

|

|

|

|

\

\

e Mddification of the existing PPAs with generators and utilities for the revision of tariff may not be |
acgeptable to the utilities because of the poor financial condition of the latter. |

e The Government may provide appropriate subsidy(ies) in the form of GBI or additional FiT etc. for the
developers

e The state regulatory commission should form or strengthen RPO compliance mechanisms for the
obl‘iéated entities. | |

oA c‘ohducive model policy may be issued by MNRE \Jvhich in turn may be adapted by the states in tllleilj
polity instrument for addressing the above issues. | |

|
\
\
\
|
|
\
\
\
\
|
|
\
3.3 Ke)) Learnings And Feedback From Stakeﬂolder Consultation .
Key learngngs and feedback received through stakeholder consultation process on the key issues influencing the
‘develop ent of repowering business has been summarized in Table 3. ] |
| N | | |
\

Key Learnings and Feedback From Staké holders ]

| N « Issues regarding ownership of | « A suitable business model must be evolved| |

| || windfarm with multiple wind turbipe where interest of all parties is taken care| of | |

| Ownership DRI D e LT T | * Formation of Special Purpose Vehicle (SPV) | |

| K * All parties'/WTG owners may not bF with equity participation from the concarne‘d |
keen on repowering parties with sharing of revenues in proportion

\ | | to equity interest could be a solution | | |

\ N \ \ \

» Most of the old wind projects are * The evacuation infrastructure must be
| N connected to 11 kV line (particularlﬁl in upgraded to 66 kV systems | |
Evaguation i i

| “ B posmg a, njgjqr hurdleiforanys| * In some cases, upgradation of the pooliﬁg | |

| | | SIS IR | substation may be required | |

\ N | | \

* Multiple ownership of land for a given ¢ Lease of land or right to use land on footprint

| N wind farm poses another challengE for basis in favor of SPV could be explored to |

\ LFPd repowering projects \ address the requirement in case of multiple \

| || * Optimal micro-siting for repoweregd Ieicteriizs | |

| I site requires unhindered access, o |
planning and flexibility on the site

\ N | . \

| I * Retaining earlier power offtake | * Multiple options available for power |
arrangements (sale to DISCOM or offtake,viz., a) sale to DISCOM, b) captivé m(gdel,

| Power pfftake captive) and identifying off-takers of c) sale to any third party by open access/rolte |

| arran‘g‘ement extra power generation post ‘ and combination to be allowed | ‘

‘ N repowering ‘ * Existing off-take to be protected at Ieast‘for‘ ‘

| N | residual life period o |

fffff — e Existing tariffis too low asthePFAs — e FiT-forwind should prevail.However, tegonqinue - —
| Tariff and i i i
} i signed for over 20 years have a the tariff of old PPAs, the developer would
| inceritives perpetual nature with no termination require a certain incentive over and above AT |
— — — | — tf — — — dause — — — — — — — - — — = — — = =+ — + — =



Tari‘f# and

|

|

|

\ \ | |
| incertives repowering projects | \k;vheeling and banking provision must be | | |
Y | rousntin o \
| || » Utility is in a secured PPA with the| « Utility off-take would be as per the old PPA rates | |
| | “ developer at a much lower cost | to continue thebalance tenure of existin‘g Pﬁ’A | |
| U‘t"'ty * Utility would noF allow break away‘ to * New PPA shall cover the new.FiT for addftior‘wal | |
‘ y enable repowering ‘ generation through repowering - ‘ ‘
| | | | | |
\ N \ | \ |
| N | | | |
| N | | | |
| N | | | |
\ N \ | \ |
| | | | | |
\ N \ | \ |
| N | | | |
| N | | | |
| N | | | |
\ N \ | \ |
| | | | | |
\ N \ | \ |
| N | | | |
| N | | | |
| N | | | |
\ N \ | \ |
| | | | | |
\ N \ | \ |
| N | | | |
| N | | | |
| N | | | |
\ N \ | \ |
| | | | | |
\ N \ | \ |
| N | | | |
| N | | | |
| N | | | |
\ N \ | \ |
| | | | | |
- - - -ttt - - - - - - - - = = |\ - - - - - - - - — = = |1 - - —
| N | | | |
- ==ttt = - - - — — — — — |\ - - - - — - — — — = = |4 — = - —
| |

| |

¢ Current tariffs are unviable for

* In case of captive power plants, attractiVe |



Case Studies

‘Globallﬂ, the Government policy initiative is one of the main driving factors behind the rapid growth of

\
7777777777777777777 -

\

\

\

\

\

renewable energy. In this chapter, the policy support and incentive structures that propelled repowerihg |
business in the European market have been analysed. It is observed that Germany, Denmark, Spain, | |
INetherlands and United Kingdom (UK) have remained pioneers of onshore wind energy installations a¢cross

& gy
[Europe. However, in the repowering business, Germany|and Denmark have been the most progressive in the
world. Hence, it is vital to understand the kind of policy support and regulatory interventions required to |
promote repowering in the country. For this, a country—§pecific study was undertaken for Germany, Dgnrqark,
Spain and Netherlands to analyse the requirement of key driving factors in the Indian context. Key learnings
| i y Griving g

Europe 1"1?8 traditionally remained one of the largest markets for wind power development in the world. Even

were ca;ﬁured subsequently.

with China, India and North America moving up the ladder in wind energy deployment, Europe would still‘hold

‘about 32‘70 share of the global wind energy installed cap;‘acity. |

. . . . o \
‘Back in 2010, China became the world's largest wind energy producer and the boom is continuing unabated,

bower in turope with a cumulative installed capacity of §7.4 GW. While the market distribution changés |

especialu fuelled by the government support and ambitious renewable energy targets. In 2018, although China
and USA‘ a{re the two biggest wind power generating natibns, Germany is the largest annual market for k/vir{d

annually, the industry is moving towards European Union's target of supplying 20% of Europe's electricity by
the end of 2020. In Europe, 16.8 GW of new wind power was added during 2017, bringing the total installed
lcapacity to 168.7 GW, and generated about 336 TWh of electricity accounted for about 18% of the Europe's|
electricity consumption. \ |

4.1 GeH'nany | I

‘German{r‘is the first European Union country with the lag‘gest wind installed capacity, followed by Spaih, dK,

Renewable Energy Sources Act (Erneuerbare—Energien—besetz [EEG]) was a key enabler for the wind cﬁpaJ:ity

‘France aHd Italy. Nearly, 50% of the current wind power'capacity in Germany was installed after 2000. ‘Thé

laddition achieved by Germany. \ |
| |

Below Iiued are the various implications of EEGon repowering from 2000 to 2017:
|| \ .

° EﬁG 2000: The EEG Lawcomplied with the EU Criﬁeria by setting time limits on compensation, |
establishing cost-oriented rates, differentiating according to energy source, plant size and location,

introducing a degressive structure and insisting on regular reviews. The Law, however, was silent on any
\

illléentives for repowering.

e EEG 2004:Amendment to the Renewable Energy gources Act (EEG) in 2004 offered an additiona‘l

sbe encouragement for wind repowering, by offering new wind projects and higher FiTs than Exiéting
projects in operation. Since 2004, FiTs offered lohger and higher income for wind turbines thereby!
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|
replacing/restructuring the existing projects built before December 1995 and were at least three times |
the capacity of the older turbines. The repowering incentives (RI) offered by the EEG had no efféct dince | |
— — the spacing requirements-and the heightlimits-made itimpossibleto achieve the requiredtriptingof — +— — — |

ingtalled nominal capacity. \ | | |

\
\
\
\
|
\
| fHancial incentive to repower wind projects instehled before 1995. Before 2004, German FiTs pr‘ovihed
\
\
\
|
\
\
\



(HNh) for the first five years of operation, and EUR cents 5.02/kWh thereafter. This tariff will be |

detreased annually for new installations by 1%, as opposed to the previous 2%.Similarly, the law would
ih¢rease the repowering incentive to support the H‘eplacement of old turbines by the new ones. The initial
remuneration would be increased by EUR 0.5 cen{/kWh. The replaced turbines must be in the samne! |
addministrative district and be at least 10 years old. The new turbine must have at least twice, but nd more!
than five times the original turbines capacity. | | \
EEG 2012:The EEG amendments 2012 retained the incentives on repowering projects. FiT for onshore |
wind projects remained at 8.93 cents/kWh for the initial five years and the base tariff as 4.87 cents/kWh |
for the rest of the project life. This FiT was subjedted to an annual digression of 1.5%. An incentive ¢f 0.5 |
cets/kWh, as mentioned earlier, was retained in the amendment. However, the law stated the incentive |
amount shall be reduced by 0.01 cents/kWh annuglly. There were certain conditions laid out for the,
applicability of incentives as mentioned below: | |

|| ® Therepowered capacity must be atleast twice the earlier capacity. I

| The onshore plants must be commissionqd prior to 2002. I

tw:bines as the financial incentive meant for repqwering was granted only for projects which co‘uld‘be

cmnpleted until the end of the year. Therefore, in1 2014 a last chance was offered to the operatorf of‘ older
ind turbines to use the repowering incentive by dismantling an old wind turbine and installin% anew

one in the same region. With the EEG revision in %orce since August 2014, repowering has acquired

\
\
|
|
E@G 201¢4: The revised version of the EEG 2014 gave additional impetus to the repowering of olqer yvind ‘
\
\
\
another significance for the future development of German wind energy market. Since the EEG 2014 |
CQ’HE into effect, the Federal Network Agency (Bdndesnetzagentur) established a register of inskallgtions‘
fot all new renewable energy plants commissioned and decommissioned. The obligation to repért isa |
ﬂrérequisite for claiming the EEG remuneration, and therefore since August 2014 a clearly imprbveﬁ

database for repowering became available. | |

|
|
EEG 2017:The reform introduced public tender procedures for wind, solar and biomass projectslin | \
cblintry's efforts to shift from FiT support renewable energy deployment to market orientated price |
firlding mechanism. With that, projects will no longer be eligible for statutory FiT remuneration; buit, |
will have to bid for it in public auction organised and monaitored by the Federal Network Agency| | \
(BNetzA). Successful projects will receive contragts for 2 years based on the sale of electricity produced |
a‘t ‘the bid price quoted during the auction process. Repovrering incentive continued to be abolisﬁled‘in |

tHS Law as well. | o

\
The co Rilation of the FiTs with digression rates and rePowering incentive over the period from EEG %oo? to |
EEG 2017is depicted in Table 4.



—
Onshore Wind FiTand Repowering Incentive Rates (Value in € Cents/kWh)

| New Wind Project . NA 1‘.50$/0
EEG 2000 | |
K Repowering Project 9”0 6.2 NA 1‘.50%
New Wind Project 8.7 5.5 NA |2%)|
EEﬁ %004
Repowering Project §.7 5.5 0.5 ‘2%‘
N \ |
New Wind Project 9.2 5.02 NA 1%
EEG 2009 | |
| | Repowering Project 9.2 5.02 0.5 |1%]
N New Wind Project 8lo3 4.87 NA 1.50%
EEq %01 2 ‘ ‘ (L
¥ Repowering Project 8193 4.87 0.5 1‘.50‘&
| New Wind Project §.9 4.95 NA ‘NA‘
EEG £014
| | Repowering Project 8.9 4.95 Abolished INA|
| New Wind Project ‘ - NA ‘
EEG 2017
K Repowering Project - Abolished

The reraneratlon rates of German onshore winds from FY 2000 to FY 2018 is represented in Figure 26

m Remuneration Rates of German Onshore Wind Power From FY 2000 to FY 2018
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‘More sit‘eg for wind energy deployment are being develobed in middle and southern Germany. This hag créated a

market for newer turbines based on the modern technolbgies, which can optimally utilise the sites with lower |
— — — windspééds. Apart from the new installations, Germany has also witness degressive repowering activitiess — 1 — — |

replacingthe first-generation turbines of 300 kW or lower capacities by the latest ones that could be agbigas 2 | |
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an averdge run-time of 10 years. According to BWE, presently, 41% of the installed capacity in Germany will be |
completing 15 years by 2020 and the same would be considered as repowering potential by then. Apprehensions |

‘for the a1b‘olition of RI through EEG amendment, 2014 can be attributed as the main reason for significa}nt pigher‘
|
The EEG amendment that commenced on 01 AugustzouT,mandatedthe formation of a Central Turbine Fe istry
N \ | \

‘repowering installations in 2014. o |
\

[
to capture the additions of wind energy turbines, repowering and dismantling data in detail. In 2017, 315 old |

|

|

|

\

\

| N Gross addition during F‘Y 2017 5,333.53 1,‘792
‘ $ Repowering share (not hinding) 951.77 315

Devel ;JJment

| 2017 Dismantling in 2017 o
‘ N (incl. subsequent registration) (not 467.27 387
| N binding) | o
‘ N Net addition during 4017 4,866.26 144051
| cumdibtive | |
| 31 De¢émber Cumulative WTG portfolio é JS
| 2%7 Status: 31 December 2017 (n‘ot binding) 50,776.93 2 ‘,67
| N \ |
| N | Source:hWE‘
\

IWTGs with installed capacity of 467 MW were identified for repowering. The same was replaced by 315/new
WTGs haying total installed capacity of 952 MW. The nef addition in 2017 came to 4,866 MW. Therefore, by the
‘end of 2017, the cumulative WTG portfolio increased to %8,675 WTG with a cumulative capacity of 50,777 MW.
‘This eqlﬂtes to an increase of the cumulative capacity of 11% compared to the preceding year. |

‘Onshor Yvind energy in Germany has recorded a huge eT(pansion in the transition phase of the new tendering
system. According to the German Wind Energy Association (BWE), a total of 2,281 MW (gross) was newly
‘installe(ﬁ kn the first half of 2017 thus equating to 790 Wﬂ’ld power plants. Expansion in the first half of &015 is
thereforé 11% higher than the level reached in the same period of the previous year. o



Cumulative Capacity [MW]
N

The identified annual newly-added repowering capacit;ﬂ, the dismantled capacity, as well as the share of the
capacityl of repowering turbines in the annual gross additions over time is illustrated in Figure 28. The| |
frepowerfing capacity notably declined following the candellation of the repowering incentive with the EEG 2014,
‘increasqq in 2017 and reached its second highest value s}nce 2014. I

%] —

Annual Capacity Addition

Share of Repowering Capacity from

The belqw image depicts an example of repowering in Germany where 20 turbines of 200 kW were replaced
‘with seven turbines of 2 MW. It was observed that the inyestment was tripled, but the annual energy pﬁodtﬁction
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Figure 28 Annual Installed, Dismantled and Cumulative Capacity of Repowering Projects
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increased fourfold.
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Figure 29 Illustration of Repowering in Germany
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[Further| the installed capacity increased by a factor of 3.5 as shown in Figure 30 and the energy production
lincreased proportionally with the installed capacity. This is due to the taller wind turbines accessing the
‘increasqq wind speed present at higher altitudes. | |

\
Figure 30 lllustration of Energy Production and Installed Capacity |

After
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Number of Turbines 20 Turbines

‘ Reduction 70% 7 Turbines

|
| | Source: \BWE‘

Follow1:ﬁ observations can be made regarding the repowering scenario of Germany. The rapid 1nstallat10rEs that
occurred via repowering programmes can be attributed to the amendment in EEG in 2009.

| |
® By 2017, there were 28,675 onshore wind turbines in Germany (Deutsche Wind Guard, 2017)

| | \ |
‘0‘ In 2017, at least 387 WT'G's with a combined c‘apac1ty of 4,67.27 MW, were dismantled. |

|
|
\
- gRss?apEmt? adﬁmon for 2617 777777777777 - T T T
|
#

The yea1L Wise repowering installation in Germany is deﬂicted in Figure 31. |



m Repowering Growth Trend in Germany (Mj)
\ Il
| ¥ 2000 ‘ 8000 o
| I oo | 7000 2
= 1600
| | = | 6000 [5 |
= 1400 5
> o
| | § 1200 | 2000 ‘5 |
| | 8 1000 | 4000 '8 |
(9] —
| I T 800 | 2 |
= 3000 @
| N % 600 | -
| N = | 2000 |2 |
400 L<
| N 200 | 1000 2 |
| | 0 A m o |
Y| Y [rY[rY Y [FY[RY [EY [EY [ Y [EY [FY [FY [FY Y [FY
| N 02| 03| 04| 05| 06| 07|08 |00 | 10|11 |12]13]1a |15 |16 |17 |
\ = Installed Capacity 6 | 76| 54 | 59 [158]120(114 ]| 98 | 223| 275| 541( 7661815 | 751|785 [1008 |
‘ = Cymulative Installed Capacity| 6 | 82 | 136 195( 353|473 | 387 | 685| 908 [1183(172412490( 4305 [5056{5841(6849 |
‘ |l | Source:lPEWI‘
\ \
Et canbe bserved that from FY 2007 to FY 2017, WTG capacity addition through repowering has achieved

4.2 Denmark

For over 10 years, wind power has been one of the main fenewable energy sources, especially in countties such

s Denmiark, one of the pioneer countries in developing pnshore wind turbines. Whereas offshore wind

\
|
Compound Annual Growth Rate (CAGR) of 30.6% as agal‘nst 7.2% CAGR for the green-field wind projects. |

utilization is still risky as the repowering of wind farms offer an interesting alternative to further increase the
eneration of renewable energy.

generation of bl | |
To meet|the ambitious renewable energy targets set by the EU and those announced in the National Renewable
ﬂinergy lﬁtion Plan, Denmark will need 6.4 Terawatt hoqrs (TWh) of onshore wind power by 2020. SinFe tpe
Pest siteﬂfor onshore wind are already being used by thq small scale wind generators, the potential for‘ |
Fepowerﬁr‘lg in Denmark is huge. | o
ﬁccordirﬁ to the Danish Register of wind turbines, as of Pecember 2017,the installed wind power capaﬁityﬁ
5,475 M
pr47> MY,

use of lar%er and more efficient machines. In 2017, wind turbines supplied enough power to cover 43.4% of

enmark’s electricity consumption. This is the highest share ever recorded, overturning the previous record set

It has doubled since 2001, although the actual number of turbines has dropped by 20% own}g to the

in 2015. Henmark was the first country to actively suppo‘rt wind repowering in part because wind turbnlne
gnstallatlé)ns began in the early 1980s, so many aging sn{all (< 75 kW) wind turbines exist throughout the
kountry.‘ Denmark recognized that these smaller aging thrbines were an obstacle to new project develo{amént,
and remUving and repowering those turbines would reqﬁire an overt and explicit incentive. Denmark’s| |
Eepowerﬁﬁg programme has led to repowering of two-thlirds of the oldest turbines in the country. The bnshore
and offshbre cumulative wind capacity (MW) from FY 2008 to FY 2017 is depicted in Figure 32. .

N | |
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m Cumulative Wind Power Capacity (MW) From FY 2008 to FY 2017 1
| \ ]
[ |

\

|

|

|

|

\

\

|

|

|

|

\

6000 ‘

| | |
5000
\

b ||Illllﬁ

3?00 — .
o +
1000 — \ |

Cumulative Wind Power Capacity [MW]

I |

e -
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

|

‘ ‘ Source: Il}ENA{

Repowering Initiatives in Denmark | L

\
1
N Ml offshore | Onshore
\
\

In Denrrﬁrk repowering was undertaken in different stages. The first repowering scheme was 1n1t1ateq frqm

2001 till tPe end of 2003 targeting turbines up to a capacgty of 150 kW. For decommissioning of these smal
turbmes the owners received a 'Repowering Certificate' equivalent to an additional tariff of 2.3 Euro cents/kWh

for two to three times the scrapped capacity for 12,000 full-load hours Since these certificates could be traded,

the scheme made it possible to install much larger turbines. During the lifetime of the scheme, around 1,480
‘lower ca‘p‘aaty old turbines with a combined capacity of 522 MW were replaced by 272 new turbines ha\}lné a
kombméd capacity of 324 MW. The scheme was most efﬂectlve for turbines in the capacity range of 55J95 i&W in
which mdre than 80% of the turbines were decommlsmdned, whereas only 25% of the 150 kW turbines weke

ldecommliksioned. | | |

\
\
\
\
\
— —
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

n the second stage, projects with turbine size greater thlan 100 kW could install twice the capacity removed and |
freceived the same treatment. The scheme was announced in 2004 for a period of 2005-2009. This sch¢mé was |
targetingbigger turbines having a capacity up to 450 kW. In this scheme, the turbine owners received | | \
repowering certificates equivalent to 1.6 cents/kWh for two times the decommissioned capacity for 12,000 full- |
‘load hoqr‘s Besides the Repowering Certificate, the wind‘turbine was given a general subsidy of 1.3 centﬁ/kWh |
‘and the P?Iancing fee of 0.3 cents/kWh. The subsidy is r(ﬁstricted so as the sum of the repowering subsigy, }he
‘general ﬂlbsidy of 1.3 cents/kWh and the spot price coul? not exceed 6.4 cents/kWh. The Repowering C‘ertificate

system enabled successful repowering in Denmark.

\
The certificate holder is awarded a higher price for electricity produced from new turbines up to a max{rnurn of

|

\

|
‘two or t}‘n‘:ee times the replaced capacity. The incentive 1‘s regulated in relation to the market price of el‘ectrlclty |
LThe Damsh FiT framework is briefed below: . |
|

|

\

LThe tarilffj is distinguished in the following three onshort‘e categories: .

\ N \ .
‘ | e Old wind turbines connected to the grid beforTe 2000: Turbines connected to the grid prior tq 20?2

\

\ N . \
— — — |— — py Windturbinesconnected between 2000-and-2002: Turbinesconnected to the grid inthe periody — +— — —
|
\

received a general price guarantee of 80 €/MVYh for a 10-year production period.

N between 2000 and 2002 received a FiT of 58 €(MWh up to a production limit of 22,000 full—lpad hours‘



| | | |
oNew wind installations connected to the @d&te? 01January 12003: Turbines connected tcﬁhe@rld [
| lafter 01January 2003, had to sell electricity atthe market price. In addition, Turbines received al \
| [subsidy of 16 €/MWh for the duration of 20 years. | |
\
|
|
\
\
\
\
|
|
\
\
\
|
|
|
|
|
|
|
|
|
|
|
\
\
|
|
\
\
\
\
|
|
\
\

4.3 Spain | |

\ | | \ ||
Spain is the second largest European wind energy market after Germany and has the fifth largest wind installed

capacity after China, United States (US), Germany and India. The European Union's renewable energy directive

sets a blhdlng target of 20% final energy consumption fllom renewable sources by 2020. Spain has the garrie
karget ag %hat of the EU, whereby 20% of its energy consﬁmptlon shall be met from renewable sources lJ)y 2020.
In additi‘o‘n, Spain must acquire at least 10% of their traﬂsport fuels from renewable sources by 2020. o

hnstalle& {Nlnd Capacity in Spain | .

‘Spaln ha‘s‘ total installed wind capacity of around 23 GW(‘mostly onshore capacity) by the end of 2017 W{‘licl"l

kurther é&nstitutes 18.6% of the total generation installéd capacity in Spain as shown in Figure 33.

|
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I
In Spaln‘ ‘almost no new wind turbines have been 1nsta11‘ed since 2013 due to the drastic change of leglsEatl‘on
referred‘ t‘o as “Energy Reform”. The new regulation in 2‘013 entailed a complete removal of subsidies a‘nd
1ncent1\)e£ such as prior FiT and feed-in premium scheljnes The following policy and fiscal 1nstrumenks h‘ave
support@i Spain's wind market through 1990s and 200ds viz., tax-free depreciation of assets, reduction of
lincome from certain intangible assets, local tax exemptﬂons and FiTs. However, limitation and elimindtioh of
lincentivees over the past years have led to a curtailment 6f new wind power installations. In January 2012, $pain
Isuspended its special registry of renewable energy projects due to budgetary concerns. Further, in February
|2013, it withdrew the option to receive premium over-market FiT rates for renewable energy projects, which

mow recejve only a fixed FiT with annual degression. | |

\Wind Replowering in Spain | |

In Spain, most of the wind turbines are owned by a handful of large operators This has significantly impadted

lthe lifetirhe extension strategy as larger operators have inore operational data available. However, presently, no|

[political repowering subsidies exist, and the repowering bonuses were announced in the Renewable Energy Plan
— — — |PER201t12020;buthasnever materialised-due to subsequent suspension-of the plan.— — — — — = - = =

Despite pych circumstances, Nordex, one of the large w1pd turbine manufacturer, had recently won its‘firqt ‘ |
o ‘Lepowequgprojectof a.Spanish wind farm reducing thﬂ‘number of turbines at the site from 90 toJZ_Tpe%aicL ==



- one?t woéuld remove 90 numbers of 22 old turbines aﬂc&)n;Enzrgﬁ's 30 MW El Cabrito project ir;’linaalu?ia,T
southern Spain. The site's 330 kW turbines will be repladed with eight N100 3 MW and four AW 70 1.5 MW |
machinés|. El Cabrito will have a reduced operating cost due to the lower number of turbines, and an indreased
energy yiield despite having a slightly lower nominal capgacity. The said project is envisaged to be completed in
the second half of 2018. \ |
Meanwhile, during December 2017, the Spanish wind energy association (Asociacion Empresarial Eéliqa, AEE)
Publishqq a growth plan in which the country should reqch 40 GW of installed capacity by 2030. Repowering of
Fgeing inPd farms and new installations are considered Fmperative to Spain, meeting this target as en\(isaged in

\
consummion from renewable sources by 2020.

| | |
4.4 Netherlands | \

Netherldrids had a total installed wind capacity of 4,341 MW by 2017. The country targets onshore and offshore |
wind capacity addition of 6,000 MW and 2,500 MW respectively by 2020. Energy from wind capacity isjexpected |

‘the grontP plan. Repowering is also equally relevant for

Spain in meeting its target of 20% of its energ}/ |

to contribute significantly to the country's commitment|of meeting 14% of its final energy consumption from |
Fenewanﬁz sources by 2020. | I

|
Figure 34 Cumulative Wind Power Capacity (MW) in N‘etherlands From FY 2007 to FY 2017
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As per thé 2014 EU Commission directive on incentive désign guidelines for renewables, it is mandatorly for all

[Europedn nations to migrate to market-based incentive$ for onshore wind by January 2017. Six out of 11 |
lcountries) including Netherlands, have already adopted pne or another form of market-based mechanism|to set|
incentives. Netherlands, driven by a clear policy and prerplanned yearly auction until 2020 is expectedjto | \
‘comfort,aply achieve their wind capacity addition target, I |

Wind Repowering in Netherlands | [ |
Despite fts small wind market, Netherlands is seen as a large growth opportunity for wind repowering as the |
onshore|turbines are older and of smaller capacities. During 2016, RWE Energy along with several partners and |
original)equipment manufacturers began installing 86 modern turbines at the Noordoostpolder wind farm on |

. ‘the banlﬁ of Lake IJsselmeer. The newlyrepowered,area‘will have 48 Siemens 3- MW offshoreiumines‘anq 38 - — —
huge Enercon 7.5-MW E-126 turbines. At this site, RWE will remove its 50 WindMaster 300kW turbines once
[HBe EneY | PR

+—
|

- ‘igstaillaﬁign of the first 12 Enercon E-126 model is ciomp%etg The WindMasters' hub height of 30 @etgf (LTﬂ) and



‘Simultaﬁéously, investments to the tune of more than 200 Million Euro was being discussed by the end of 2017 |
to repower one of the oldest wind farms in the country, hamely Wieringermeer. The project is expected to |
frepower older wind turbines with updated technology fdr a capacity of 180 MW by 2019. |
Wind capacity installation in the country started around|1985. Several smaller and older wind farms in| |
Netherlands consist of much smaller turbines compared to those typically deployed today. This provides |

Potentiql ‘in the country to be around 1,000 MW. | L

\
|
|
|
sufficient scope for repowering of old wind installations|in the country. Broad estimates set the repowering \
|
4.5 Experience In India So Far | | |

|

o The older wind farms located in the windy ter}ains of Muppandhal, Panakudi and Kayathar i‘n tﬂe
| I southern districts of Tamil Nadu- Tirunelveli,‘ Thoothukudi, Nagercoil, Kanyakumari and Cdimbatore!
| | offer huge opportunity for repowering in India. o \

ol LMW Coimbatore site had 29 WTG's of 300 kW capacity each and 2 WTG's of 500 kW capacity edch at |
| | Kethanur village, Tamil Naduwhich are planrled to be repowered in phases to a final number ofi5 |
| | WTG's of 850 kW capacity each. \ | \

| At the Fenner India Nagercoil site, 11 WT'G's of 225 kW capacity each have been replaced with 3 WTG's|

|
|
|
|
|
\
|
| | | of 850 KW capacity each. | |

| @ The Policy for Repowering of the Wind Power| Projects in the country has been released on 5/August
| | |2016 | |

\ ® The State of Gujarat has come up with a repoyering policy dated 21 May 2018, to promote | |

\

| | repowering of wind farms in the State. ‘ |

U Amendment to the Renewable Energy Sourceg Act (EEG) in 2004 offered an additional finan‘ciai

N incentive to repower the turbines installed béfore 1995, but Germany imposed certain restrﬂ:tidns on
' hub height and capacity increase posing a ma‘jor hurdle for repowering activities. o

|

|

\

\

\

4.6 Mdjbr Learning From International Case Studies ] |
|

|

\

o/ With amendments to the EEG in 2009, more Attractive conditions for repowering projects iﬁcldding |
\

| | additional increase in initial tariff for wind tulrbines by 0.5 cents/unit above the initial FiT of 9.1

| | till the lapse of their existing PPAs with the utilities. | |
® The concept of Repowering Certificate as intjoduced in Denmark, can be replicated in Indiajas well. |

® A national turbine registry can be developed in India too. It would necessarily capture information |

\
\
\
|
|
\ | | cents/unit. Indian regulators can take a note on this feature of providing additional incentivie on FiT |
\
\
\
\ | | about the new turbines being installed, dismantled and capacity used by all the developers across the |
|

| | country. \ | \
It is also ynderstood that there are several reasons for the Government to promote repowering in the country.
ﬁfter anﬂysing the major international repowering sceqarios, the major reasons for which the Governpler‘lt
Promot?q repowering are briefed below: | o
| ® Ensures energy security by incremental cleaq energy deployment. |
| o Ensures minimization of electricity demand ﬁupply gap for the country. o
| ® Ensures less variability issues with wind power generation; hence, better grid discipline thrpugh
| I repowering resulting in shortage of defaults ﬁlnd forced outages. o

- = - & Ensures better landscape quality. _ __ - = = =

4.7 Learning From Indian Experience \ |

~ I Inﬁiaﬁepﬁwe?ingf of old wind projects is still at a nascent stage. Certain recent policy provisions have been’



|
Eadgtogroﬁotgthgsaﬁe.x few demonstration proj ectls have been undertaken to understand the issdes and its'°

implicatiéns in India. Some of the issues that need to be addressed to enable large scale deployment of| |
repowerled wind capacity are briefed below: \ |

o Micro-siting is very important for the optimi‘zation of wind farm layout and locating new turbines as

|
|
\
N per the norms specified by the respective state regulatory authorities. But micro-siting for a | |
| repowering site may pose real challenge unleks the other old turbines in the windfarm are | | |
| | dismantled. | | |

|

e/ The number and capacity of old machines to be removed should be planned accurately to avoid|

\
|
|
\
\
\ | | significant generation loss for a long duration and simultaneously avoid hindrance for deploymient of]
\ | | new turbines. \ | \
| @ Unlike in Denmark and Germany, in India, there are multiple turbine owners in most windfarmis. |
\ | | Since repowering would involve removal of multiple turbines by placing few turbines each of higher |
| N capacity than before, it would lead to ownersylip issues in the project. A holistic business quel‘ |
\

K protecting the interest of every stakeholder nFeds to be in place to address the issue. o

4.8 Policy And Regulatory Provisions For Repowering In India |

‘Policy ahd regulatory framework has been accorded by the Central and State level to facilitate repowering of
wind, which proliferates the capacity by two to three times and promotes optimal utilisation of resourdes. |

| | | features shown in Table 6. | |

\ || \ ||
Table 6 Policy for Repowering of Wind Power Projects Notified by MNRE |

Objelctive of Policy To promote optimum utiliza‘tion of wind energy resources by creating facilitptiv‘e
framework for repowering.

\
|
\
|
\ o The Policy for Repowering of Wind Power Profjects notified by MNRE on 05 August 2016, incliidethe |
\
|
\

‘Eiigibility Initially, wind turbine generators of capacity T MW and below would be eligible[for
K repowering under the policy. Based on the experience, MNRE can extend th‘e |
repowering policy to other projects.

|| ® For repowering projects, Indian Renewable Energy Development Agency (IREDA)
K will provide an additional in%erest rate rebate of 0.25% over and above the i‘ntew'est

centive rate rebates available to new wind projects being financed by IREDA.
" e All fiscal and financial berllefits available to new wind projects will also be‘

\

|

\

\

|

|

\

\ |

| || available to the repowering project as per the applicable conditions. |

\ N | ||

| Implementation The repowering projects would be implemented through the respective Sta}e
Arrangements Nodal Agency/Organization involved in the promotion of wind energy in the state.

|

\

\

\

\

\

|

\

\

® |n case of augmentation Jf transmission system from pooling station, theJ sarlne
| ] will be carried out by the regpective State Transmission Utility. |

Support to be ® In case of power being procured by State DISCOMs through PPA, the power |

pro‘vrded by the generated corresponding to an average of last three years' generation prior to

States repowering would continue to be procured on the terms of PPA in-force.In

| addition, remaining additional generation would either be purchased by DI$COMs

project and/or allowed for third party sale.

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
— — t+t+ — — — — -—atFiT applicable inthe state atthetime of commissioningof the repowering — — -
\
#



® State will facilitate to achireadditionaI footprint required for higher caszcit)J
turbines. \ |

® For placing of wind turbings, 7D x 5D criteria would be relaxed for micro-siting.

Su&port to be ® Awind farm/turbine undergoing repowering would be exempted from not
pro‘ ‘:ed by the honoring the PPA for the non-availability of generation from wind farm/turbine
tates

Financial Outlay

Rev‘ier\w of Policy

|
|
|
|
|
|
|
|
|
|
|
|
| ]
| N
| ]
| |
| ]
| |
| |
| |
| ]
| |
| ]
| |
| |
| o
| ]
| |

Eligibility

M\centive

Implementation
Arﬂa‘ngements

\
|
\
|
during the period of executibn of repowering. Similarly, in case of repowering by |
captive user, they will be allowed to purchase power from grid during the period of |
execution of repowering anﬁi on payment of charges as determined by the | |
regulator.

\ \

No additional financial liability shall be met by the MNRE for implementing The
Repowering Policy. The repowering projects may avail the AD benefit or GBI as |
the conditions applicable to/new wind power projects. |
|
|
\
|

required. |

|
per

.

The Repowering Policy woul‘d be reviewed by the Government as and when‘ |

.

|

National Tariff Policy, 2016 clause 5.11 (g) spécifies need for encouragement on Renovation ‘and

Modernization of power plant including repoWering of wind generating plants. The relevant clause of
the Tariff Policy, 2016 states that: | | \
\

“Renovation and modernization of genechtion plants (including repowering of wind gener&tin&
plants) need to be encouraged for higher éfficiency levels even though they may have not cdmpfeted |
their useful life. This shall not include peribdic overhauls. A Multi-Year Tariff (MYT) framework may |

modernization and an incentive framework to share the benefits of efficiency improvement|betiveen |
the utilities and the beneficiaries with reference to revised and specific performance norms to be fixed |
by the Appropriate Commission. Appropriate capital costs required for predetermined efficiency gains |
and/or for sustenance of high level performance would need to be assessed by the Appropriqte | |
Commission.” | o

The Gujarat Repowering of the Wind Projects| Policy,2018 notified by the State Government pf |

Gujarat Repowering of the Wind ProjectL Policy-2018 Il

Capacity of 1 MW and below would be eligible for repowering under the policy.|
Based on the experience, thF repowering policy can be extended to other pfojqcts
as well. The life of repowered wind project shall be considered as 25 years or
actual life of project whichever is earlier. |

\
|
Gujarat on 21 May 2018, has the following features as shown in Table 7. | ‘
|
\

As provided in the Repoweri‘ng Policy of Government of India, the repoweriﬁg |
projects can avail additional interest rate rebate/fiscal and financial benefits as
available to the new wind projects.

|
The repowering projects would be implemented through the State Nodal A%ency
and Gujarat Energy Develophent Agency (GEDA). ‘

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
be prescribed which should also cover capital investments necessary for renovationand | | | |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|



® |n case of augmentation chtransmission system, from pooling station on\LvarBs is
|| required as per the system study undertaken by GETCO due to repowering of Wind

project, the owner/developers shall undertake such addition/augmentation in ﬁhe
N system up to receiving end substation of GETCO. |

| ® In case of power being procured by State DISCOMs through PPA, the repowering

N of existing wind project shal‘l be allowed infollowing conditions: I

X e The wind turbine owner/power generator shall supply generation frgm
existing capacity Jprior to repowering) as per the terms of existian PPA.

|| The generation cgrresponding to existing capacity prior to repowering

shall be equivalent to average generation during last three years pri?r to
N repowering of Wiﬁd Mill. |

| e The additional capacity increased due to repowering shall be proturéd

Support to be by State DISCOM considering the RPO requirement and tariff disgovefred
provided by the through competitive bidding process as may be decided from time to
states time. However, it will not be binding for the State DISCOMs/GUVNIL to
K purchase additior‘wal wind power to be generated because of sucw |
repowering.

|| o Tariff as fixed in the respective PPA shall not be increased. The behefits

|| granted under the respective Wind Power Policy like land lease efc. will
not be increased or the term of such benefits shall not be extended

N because of such Hepowering. |

|| e The terms of existing PPA shall be extended for the period equivalent to
time taken for reRowering of wind turbine subject to maximum of foFr
| months. |

|| ® |n case of wheeling agreeﬁnent for third party sale/captive use, the Wheeli‘ng |
| charges on entire repowered capacity shall be applicable as per the GERC order

pertinent fromthe date of commissioning of repowered wind turbine for which a
|| new wheeling agreement must be signed. ‘



5 ChaIlenges For
+ epowermg In India

\ \ \ |
[Extensive stakeholder consultations revealed issues relaﬂted to the potential roadblock for repowering of old
wind power projects in India. \ |

5.1 Ke;‘( Issues For Repowering | |

| Some 0{‘ éhe major issues that need to be addressed to rriake repowering projects successful in the couﬁtry

Briefed Bélow. | |
\

are

5.1.{ Fragmented Ownership Structure 6f Wind Farm ‘

In India, there are multiple owners of wind turbines in the same wind farm. Many of these ow‘ners
l who have commissioned their projects prio‘r to 2002, own one or more turbines of capacit‘y less
3 than 500 kW. Repowering of these old wind‘ farms will reduce the number of turbines and khe{‘e
N may not be any replacement. For example, in awind farm, 10turbines each of capacity 25d KW
|'I" would be removed for the installation of 3 turbines each of 2 MW capacity. Hence, it compiicafes
|| the ownership issues of three new turbines) This issue is one of the main commercial bottlenéck

|| thatneeds to be resolved to pave the way for repowering business to be viable in the country. |

5.1.2/ Loss Of Captive Status If Captive Geénerators Go For Repowering o

|| generator, a consumer must own at least 26% equity stake in the generating company and it $hall
|| consume at least 51% of the aggregate generation. With such rules in place, if a captive power

| | generator seeks to opt for repowering, it may have aggregate generation increased up to thre¢

| | times more than its initial generation. In such circumstances, in cases where the captive | |

|| consumption has remained unchanged, the generator will lose its captive status since thejuser is

N consuming lower percentage of actual gene‘ration by repowered captive generating plant z}ccqrding

entire consumption of the consumer. In thﬁ present legal framework, such captive genera}or?
would not take up repowering due to the minimum consumption criteria.

N \ |
Moreover, all the project owners may or may not participate in a repowering project. Repowering

could reduce the number of turbines; but, it may not be possible to evolve exact replacement.
Further, it is possible that a repowering project is undertaken by one dominant investor V\)hilé the
rest of the existing captive project owners rhay be small/minority stake holders as a resulﬂ, th‘e

N repowered project may or may not be able to meet the criteria of 26% ownership. o

5..3 Evacuation Infrastructure Up-gradétion .

|
\
|
|
\
|
|
\
|
|
|
|
|
\
|
|
|
|
|
1 The Electricity Rules, 2005 of the Indian Mihistry of Power (MoP) states that to qualify as a céptive |
|
|
|
|
|
\
|
|
|
|
|
\
|
|
In Tamil Nadu, most of the windfarms that Louse projects with completed life of more than 1éyears‘
are connected to the 11 kV lines for the evachation of power. However, post repowering, th‘e |
N capacity and aggregate generation may inctease by two and three times respectively. Henée, there |
Il isaneedto upgrade the existing infrastructure such that all the energy generated can be evacuated |
|| properly without any congestion for evacuation of wind power and without any forced generdtion |

\

|

|

\

\

\

\

|

|

\

\

\

\

|

|

| K to the existing rules. It could result in the lﬁwing of additional cross subsidy surcharges OP the

\

\

\

|

|

\

\

\

\

|

|

\

— — — |7/ — 1 “curtailment. — — — — — — — |\ - - - - — — — — — — = | 1 — — — —
\
\



~ I"51.4" Lossof GEn&at?orTDJrirTg Construction Period

77777 ff “existing captive users of the refowiereapoWeriproEct?, aslong asﬁnrﬁaﬁapﬁve?orﬁurﬁtiﬁ of

It is implicit that both dismantling of old assets and installation of new assets require certain

minimum time to complete. Hence, the losé of generation during the construction period }:ouid be
'l anissue for the existing turbine owners | ]
|

: . ) . : \
Certain cost aspects are associated with the repowering projects. Apart from the cost of new assets,

. o |
there are certain other costs such as the cost of decommissioning of old assets, revenue foregone

|1 value of the old assets etc. All such cost corﬂponents should be consideredfor valuation of the!

|

|

|

\

|

| 5.1 é | Valuation of Existing Assets
|

|

|

\

\ || existing wind power project. As on date, no benchmark cost is set for these components in India.
\

ﬁfter se\ﬁral deliberations with the experts and based oq the stakeholder inputs, certain solutions wer$ reﬁ:eived

||
F.z Reﬁ?mmendations on Key Issues

to address the above issues. All recommendations for the issues (as mentioned above) briefed below.

\
\
\
|
|
\
for the remaining life of the existing projec%s, revenue loss during the construction period‘, saivage |
\
\
|
|
\
\
\

5.2.1| Fragmented Ownership Structure At Windfarm |

|| The issue of multiple owners of a wind farmni poses as the biggest commercial impediment to go for |
| | repowering of the old wind turbines. This issue becomes important to be addressed since | | |
|| repowering would not necessarily replace eyery low capacity turbine by a higher one. It is envisaged,
N that a wind repowering project implementeg, who is expected to acquire the existing Wind‘prqjects |
K and to develop the new repowered project Would receive the consent of the existing turbinF oymners |

N ® Giving stakes of the new repowering project to the existing turbine owners' stakes in the

in the followings ways:

N ratio of their equity contribution. Thys equity contribution shall be adjusted after thp |
K valuation of their existing projects. | o

K e For the existing owners who are not Willing to invest; but, are interested to be a part of ‘the

new repowering project, the Wind RePowering Project Implementer (WRPI) shall gi‘ve ﬁhe

existing turbine owners stakes of the new repowering project as per the value of the

dismantled assets and the revenue foregone.

\

|

|

|

|

|

\ \

| |

| |

| |

| |

| |

\ \

| | . |- ) o |
e For the existing owners who are not willing to be a part of the new repowering project, the

| Il WRPI shall offer a complete buyout o% the existing turbines with the land rights as p‘er t‘he |

| standard method of valuation. | |

All existing stakeholders willing to repower‘, can be made partners in the WRPI promoted éPV‘, and

\ \

| |

| |

| |

| |

|

\

|

|

|

|

N subsequently the profits can be shared in thle ratio of equity shareholding in the SPV. o

| \ |
5.2.% | Loss Of Captive Status If Captive Gﬁnerators Go For Repowering o

N Conditions related to the ownership and thq consumption have been specified in the Electlficiqy

I Rules, 2005 notified by the Ministry of Pow?r, Government of India. As a result, modificat%onﬁ to
the eligibility conditions as stipulated undef The Electricity Rules 2005, needs to be incorqorawted.
The criteria for captive consumers as defined in The Electricity Rules, 2005 can be relaxed as per the

\
¥ notification under Section 176 (z) of the Ele‘ctricity Act 2003. It is proposed to allow the ex1‘sting

captive users of wind power project to continue to consume energy quantum equal to their captive
consumption prior to repowering as CalculaLced below irrespective of whether plant meets khe‘

'l The conditions of 51% consumption and of h6% ownership shall not be applicable in case bf |

|
\
77777 [l “definition set out in the said rule: L B I
\
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\ . . |
5.2.§ Evacuation Infrastructure Up-gradation

\ |
5.2.4} | Loss Of Generation During ConstruT:tion Period And Valuation Of Existing A.fTsets

|| consumption for the last three years prior to commissioning for repowered wind power ptoject.

N \ | |
The WRPI shall be responsible to upgrade the evacuation infrastructure from 11 kV to 66 kV titl the

pooling substation. Alternatively, the STU can carry out the upgradation activities; but, it "s,ha I be
[l adequately reimbursed by the repowering p‘roject implementer. However, the STU shall bel the
responsible entity to carry out the transmission infrastructure upgradation beyond the po‘oliﬁg

N substation. The cost of creation/up—gradati‘on of evacuation infrastructure shall be factoréd ih the

N re-powering project at the Detail Project Réport as (DPR) stage itself. ]

I The following cost components must be COI}Sidel‘ed by the WRPI to evaluate the cost of accfluiﬁition

N ® Loss of generation during the constryction period, i.e., the loss of revenue during the |

of the existing wind turbines, and thereby, ?ssess its incentive requirement:

N transition period. | o

N e Cost of equivalent generation to serve the utility as per existing the PPA rate at leasF fo¥
K balance PPA tenure. | |

K e Decommissioning costs associated w‘ith old wind project.
N e Net benefit of revenue for sale of scrap.

K e Cost of up-gradation of evacuation irpfrastructure.
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6 Development of
Business Model

uccessf‘u‘l implementation of repowering projects depend upon the formulation of a holistic business model.
There are many issues that hinders the growth of repowering as described in the preceding chapters Wind farms

w1th frai mented ownership is the single biggest commercial issue for repowering. Hence, to address these
ssues a Lsmess model has been conceptualised. L | ‘

| \ . \ |
6.1 Essentlal Features Of Business Model

\ |l | | | |
| ° ﬁi?ce fragmented ownership of wind farm is an i?sue, a SPV can be formed with equity contribu‘tiorﬂ from
| eﬂch interested party, with an agreement to shar‘e the revenue in proportion to equity contribut‘ion‘ A | ‘

wind repowering project implementer, who can be any person, investor, manufacturer/developer,

leading project developer at the windfarm site shall be the primary owner of the project and shall form a

\M{PI would procure the existing assets which inEludes both the turbines and the required land ‘use‘ | ‘

\ rights. \ | \ |

Ihkerest of the utility in terms of existing PPAs (a‘t least for balance tenure of PPA) must be protlected. | |
\ \ |

| éeneration from given wind farm site. | o | |

|
| for developers \ | | |

éﬁ’V—hke—structure for the implementation of a 1iepower1ng project.

édnsumers would benefit from the proposed repewered scheme in terms of enhanced renewabl‘e

THe model must be supported by the Government in terms of incentives to make it financially feasible | |

The business model is so designed that it would not adversely affect any stakeholder, and simultaneously would | |
not lead 'to an adverse tariff impact for the consumers. The major factors affecting the development of| | | |
repowering projects in the wind rich sites are accounted for the development of the business model. | | | |

The repowering business model is presented in Figure 35. | | |

m Repowering Business Model | | | |
\ \ | \ |
\ || Revenue sharing Central Government
arrangement
m § PPA @ existing T&C
q“'ty \ \ | |
Existing Capacity
Repowering 0 | |
roject
\ |l P Add Money Flow \ |
E uit; inational y
| 1 quity developer Capacity arrangement ‘ ‘

| K ‘
| = v ! Open access Sub contractln |
— — — = [ nsideration-could be- i = consumer anangementf —
y

» New PPA for the additional I | |
Utility 1 generation@ current FiT for
wind

ash or equity in compan

I L **:::::::::‘j*t**‘
\ \



LI‘he conhionents that would impact the functioning of tljxe business model includes parameters such ag aséet

manageHent, contract with utilities, advantages and imblementation challenges. These features are otitlihed in
ithe below sections. | |

6.2.1 |

The existing assets of the wind farm would ‘be acquired by the WRPI who can be either an ?xis‘ting

Asset Management

owner or may be a third party IPP or any ot?er investor. The transaction is envisaged to ocfcur‘ upon
accounting for the revenue foregone, market cost of existing assets and other standard parameters

of valuation. The existing asset acquisition can also happen by offering the individual asset owners
some stake in the project company. Hence, khere can be multiple stakeholders of one Proj(l.-ct |

Company. The ownership of assets depend bn the share of investment in the company. |
| |
| |

Utilities would continue to procure power atarate given in the existing PPA. Hence, the rqmaFning

Contract With Utilities

amount to cover the cost per unit of repoweired project must be borne by the Government Fill Fhe

|
Advantages | |

end of the existing PPA or the balance usefl.}l life, whichever is lower.

Distribution utilities are likely to support rdpoweringbusiness model as they would continue to

receive power at the previous tariff rate at least for the balance PPA tenure with better reliability.
Developers can cover its actual cost of generation for the repowered project partly from the utility |
payment and partly through incentives. The net profit can be shared among the existing wind farm |
owners according to the ratio of the equity %nvestment in the project company (SPV). o

Implementation Challenges | o
Government must bear the burden of the difference between the lower tariff as mentioned in the
PPA and the actual cost of generation from & repowered project for the remaining period of tHe
existing PPA. Owners who are unwilling to be a part of such project, must be compensated |
separately for buyout of their asset and the deemed loss of generation for the balance life of the
assets. \ |
The business model as envisaged would inviolve the following stakeholders: |

e Wind Repowering Project Developer (WRPD) |

e WRPI \ |

e Utility \ |

e MNRE | |

e SERC | |

e State renewable energy development agencies |

The implementation framework and stages|for the proposed business model is pictorially|depicted
in Figure 36. | |

\
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6.3.1

6.3.2

Identify

Repowering area e Undertake detailed

study and DPR

Prepare Pre- preparation

Feasibility Report
(PFR)

Seek consent of at
least 70% existing
WTGs

Submit PFR to
Nodal Agency for
ETJJE]

Submit to MNRE
upon Nodal
Agency approval

Conceptualise
(WRPD)

6.3 Role Of Various Major Stakeholders

The major roles played by the stakeholders in the formation and subsequent functioning of the business model
is outlined below.

WRPD

Figure 36 Implementation Framework and Stages for the Proposed Business Model

Implementation
(WRPI)

MNRE approval
upon scrutiny

Utility consent for
evacuation
arrangement

Competitive
Bidding process by
MNRE

Bidding
documentation

Selection of WRPI
for implementation

Approval &
WRPI selection

e The responsibilities of the WRPD includes preparation of Pre-Feasibility Report (PFR) and
Detailed Project Report (DPR) for the concerned project. WRPD shall first prepare the PFR and
then get it approved from the State Nodal Agency, and finally from MNRE.

e Upon approval from MNRE, the WRPD shall prepare the DPR, and present to MNRE for further
approval. WRPD can be any organization with proven technical and management expertise in

the field of wind energy.

e MNRE shall incentivise the WRPD in the form of a capital grant to encourage more such players

to come up and to initiate the process of repowering.

The Government/MNRE

The Government shall come up with a Repowering Policy to promote repowering power projects in

India, the details of which are defined below:

e Government must ensure a long tenure (at least five years) continuous support through the RI

to be paid to the WRPI. Government may involve state level renewable energy development

agency to monitor the generation and to disburse the required amount.

e To enable continuation of the existing PPAs at earlier Tariff rates, the Government needs to

incentivize the developer over and above the rate at which it is supplying power to the utilities.

The incentive should be sufficient to match the actual cost of generation from the repowered

facility. This should continue for a fixed tenure of fiveyears or until the completion of the earlier

PPAs, beyond which this incentive shall not exist anymore.

e The policy document shall continue to have concessional wheeling, banking provisions for

repowered captive/group captive projects.



e Government may relax the micro-siting criteria for wind site from 5Dx7D concept to 3Dx5D
concept for better utilization of land, wherein, D stands for Diameter of the Rotor.

e The agenda for upgradation of evacuation infrastructure for repowering sites shall be

propagated at all necessary levels for quick action.

The Government should lay down some eligibility criteria for participation in repowering schemes,

which can be monitored by the state level renewable energy development agencies. The set of

criteria can include minimum hub height, minimum expected yield factor, minimum capacity
expansion etc. The Government shall conduct a bidding process for the selection of WRPI based on
the approved DPR.

6.3.3 WRPI

The WRPI can be formed by any repowering project developer as mentioned earlier such as a
WTG manufacturer, a windfarm developer, a Wind IPP, an owner of the existing wind farm or
any other investor who is willing to buy existing assets of the windfarm at a mutually agreed
price based on the standard parameters (revenue foregone, remaining asset life etc.). The
acquisition may also take place by offering the existing turbine owners some stake in the
project company.

The WRPI would necessarily continue the existing PPA with the utilities with the same terms
and conditions.

For the additional generation, the project developer either should sign new PPAs with various
utilities or sell the additional electricity to open access consumers via bilateral transaction in a
mutually agreed rate or sell in the spot markets at market price.

The WRPI must share the profit with other wind farm owners in the ratio of equity shareholding
of the project.

6.3.4 Distribution Utility

Distribution utilities are expected to continue purchasing wind power at least equivalent to pre-
repowered quantum from the repowered wind farm at an old rate till the completion of the
existing PPA.

Distribution utility may sign new PPA with project developers at an existing FiT for wind after
completion of the old PPA.

e Utility can procure power from the market during the construction phase of the repowering

project. A strict time frame of six months shall be given beyond which, if the generation does
not begin, utility would be compensated.

A detailed process chart, outlining the sequence of activities to be undertaken by the various

entities to take up repowering project is depicted in the following sections.

6.4 Process Chart-repowering Project

The repowering project in the envisaged business model would require several activities to be undertaken

sequentially as shown in Figure 37.



FRyAN  Repowering Process Chart

Preparation of PFR

Primary
Responsibility

Or, returns
Approves the PFR (If found satisfactory) LA )

Nodal Agency
Forwards it to MNRE

Approves the PFR (based on the analysis of special committee formed by MNRE)

Gives X 15 lakh grant to WRPD for preparation of DPR**

WRPD WRPD develops DPR and submits to MNRE for further approval

Or, returns
MNRE (Special Committee) approves DPR to WRPD

MNRE develops bidding conditions and floats RFP for selection of WRPI
Based on response, special committee of MNRE evaluates bid

Award projects based on approved DPR and incentive structure as detailed in Policy

WRPI WRPI finalizes contract and intimates MNRE about start of construction date

** Grant would be given as per the terms and conditions (T&C) specified by MINRE.
50% would be given after the approval of PFR while the remaining 50% would be disbursed afterthe approval of DPR.

WRPD shall have a maximum of three opportunities to get the DPR approved, failing which WRPD shall refund
the initial 50% payment. MNRE shall give in writing the details for not approving the DPR.

6.4.1  Eligibility Criteria For Repowering Project

The repowering project shall satisfy the following conditions:

® The wind turbines in the repowering area should have completed an operational life of
minimum 15 years at the start of construction date (SOCD).

® In case, the wind turbines have not completed the stipulated period of 15 years but annual
average CUF for three preceding years is below 15%, the same may be considered for
repowering.

® (Capacity of individual turbine must not be more than 500 kW.

6.4.2 PFR
The PFR to be prepared by WRPD shall contain the following information:
® Definition of repowering area
® Existing wind turbines and turbine owners

® Pooling substation and interconnection arrangement



|
® Existing offtake arrangements |
® Generation from existing wind turbines‘
® Wind potential in repowering area (incl.‘ WRPD at 80 m hub-height)
® Initial consent of at least 70% turbine ox‘/vners to consider repowering
® Details about land — ownership, locatior‘l, latitude/longitude

® Preliminary details about evacuation arrangement — existing and proposed

DPR |

|
\
|
|
|
|
|
The DPR shall include the following detailsi |
® Detailed information about the existing‘turbines: |
® Coordinates of existing WTG | |
® Capacity of each WT'G | |
® Information about land ownership | |
® Electricity generation details for last ﬁhree years |
® Interconnection arrangements with Sﬁngle Line Diagram |
® Offtake arrangements including PPA ﬁietails |
® Budget cost estimate — repowering aqd de-commissioning |
® Details of layout of the new project and ?election of machines etc. o
® DPR shall demonstrate the feasibility of‘ repowering using minimum three types of turPinFs
currently available in India.
® Land requirement for new turbines and r‘availability of the same.

® Power evacuation arrangement beyond Pooling station and estimation of capital expenditure.

® Consent of WT'G owners in repowering area to be part of the repowering project and se}l

existing turbines to WRPI at the price sef out in this Policy.

|
|
6.5 Financial Incentives For Repowering | o
In this report, an attempt has been made to quantify thejincentives required by the repowering project| |
‘develop?qs to undertake a repowering project. Currentlyr the calculations are based on the initial meth?do}ogy
‘developﬁi for this purpose. Further, assumptions for co§t, performance parameters and expected yielq frqm
‘repower‘ing project is based on generic assumption for sample representative case. Therefore, the resu}ts |
resente& in this section are indicative and should not be construed as a definitive yield for any repowe‘ring

project site case.
| \ |

Followirﬁ steps were undertaken to arrive at the incenﬁive figure:
® H)mpilation of existing wind tariff and tariff pri‘or to 2002 for several states. o
® FPmpilation of wheeling charge, loss, CSS (CrosF Subsidy Surcharge) for several states. |

° PFepared assumptions on realistic basis for energy yield after repowering, duration for commi§siqning,

\
\
\
\
|
| interest rate for debt etc. |
® hased on the assumptions and applicable chargés, developed a cost of generation and thereby {evelised
\
\
\
\

|

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
‘tériff corresponding to the useful life for repowcl:ring projects (with standard pre-tax Return oh E&uity |
lof 19%). \ | \
° bbmpared the levelised cost with the existing sthte specific FiT. | |
|

=
|

#

® Hroject the difference between the two as incentive. ]



1 Gujarat 3.20 4.72 0.00 4.0%| 0.00 4.30 0.15 10.0 | 1147
| \ as |
2 Karnataka 3.10 3.74 0.00 5.0% applicable  6.80 0.57 125 | 152
‘I\‘/Iaha | ]
2.52 3.71 0.00 7.0% 0.00 7.07 1.13 15.0 1.65
fashtra | |
4 R‘ajjasthan 3.79 5.52 7.0%‘ 0.00 7.30 0.64 8.0 | 2.22
|l \ \
| famil | |
5 Nadu 2.70 2.86 0.00 5.0% 0.00 6.35 0.08 13.8
\ \
| |

\

\

\

\

|

\

|

\

\

\ N

| 6.5.1, Key Assumptions | |
| It is implicit that the repowering projects w‘ould require significant additional investmentp foF

| K successful implementation. Hence, the proqnoters of repowering projects would require cefrtaﬁn

| X incentives, at least during the initial years for successful execution of the project. After th? detailed
| ¥ analysis of repowering activities in Denmar‘k and Germany, it is observed that the incenti\‘/es

| remain most effective when it is over and above the given FiT to the generators such incentives

|

\

|

|

N repowering potential is maximum. Assumpkions impacting the incentive numbers for both old and

provide the investors with a long-term sec&rity for their investments. A detailed financial mo‘del is

developed to arrive at the incentives requiréd in states such as Tamil Nadu and Gujarat, Wfleré

|| new repowered wind turbine assets are shown in Table 9 and 10 respectively. o

Table 9

| Capadity MW 10 | 10 10 |
| CUFI]| % 13 | 14 12 Verified by sitelvisits
| Whekeling Loss (old BWA) % 4 | 5 7 |
| Degriddation % 0.25 | 0.25 0.25 |
‘ Prefefential Tariff before F/kWh 3.20 ‘ 270 252 . |
\ 2000/2003 | From old Tariff Orders \
— — — |— CapitalCost . TEAMW— 4.004 — 400 — 400- — — — — — — 4 — = — —

— — — |— Remgjning Life of the Asset— — —Years — —5—+ — —5— — —5— — — |dealforrepowering— +— — —



MW 2 | 2 2

| |
6.6 Key‘Scenarios | |

Based on the relevant assumptions, certain simulations were carried out to arrive at the minimum incentive

| | \

|

| Capadity Latest turbine chpakity

| No. of machines No. 10 | 10 10 || \
| | \ Expected CUF according to |
\ CUF\ \ ” 2 \ 30 25 potential| | |
|  Wheg|ing Loss (old BWA) % 10 | 14 15 From SERC Order

|  Degradation % 0.25 0.25 0.25 |

| Preferential Tariff before Z/kWh 4.72 | 2.86 3.71 ' |

| N | From old Tariff (PrdFrs

| Capi‘t?l Cost TCr/MW  6.19 6.19 6.19 o

| Capiﬁal Cost ICr 12.38 12.38 12.38

| Rem‘a‘ining Life of the Asset Years 20 20 20

\

\

\

\

that the project company would require to make the business model sustainable. The findings for select st?tes

are shown in Table 11.

| | | I
‘It is obs?qved that an incentive of X1.12/kWh above the egisting FiTs would be required for Tamil Nadu Fo rpake

Source: Idam Infra Analysis

Gujar‘a‘t 0.00 | 0.64 2.14 o |

14 | | |
Karnataka 0.53 0.00 0.00

\ | \

Maharashtra 1.07 | 0.00 105 I

N | | |

Rajasthan 0.0 | 0.00 0.92 | | |

N | || |

Tamil Nadu 1.12 | 0.00 0.00 | | \

\ \ |

| |

|

\

\

‘it a sustzf\i‘nable business model. Since the incentive requ?rement would vary from case to case, dependipg pn site

\
specific regulatory framework, it would inappropriate to devise per unit RI or a fixed incentive quantum or the

formulation of the same.

specific Hlaracteristics, ownership details, balance useful life of the project, off-take arrangement anq staﬁte



Lthrough‘zi transparent competitive process subject to cettain ceiling conditions that MNRE may propoie td
include as part of Repowering Guidelines. This would hiéhlight the most optimal and technically efficiént |
solution for repowering for a given wind farm site by patticipation of multiple stakeholders once the DPR for
repowering a site is ready. | |
Accordingly, it is recommended to devise a suitable guideline or a ready reckoner to encourage the stakeholders
to partidipate in the repowering project. Draft framework for Repowering Guidelines is proposed under |
Annexure II. ‘
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7.Recommendations:

Government
Intervention For

Repowering

|
|
|
|
|
\
|
\
"I‘he Government should play a critical role in the successful implementation of the envisaged repowerin |

rogram. It is well understood that any model for repowering would not be feasible without a substantial
support U the Government. Alternatively, the Government's active role can pave way for the optimum‘
Ltilisatié of wind rich sites in India, and hence can congribute to the rapid clean energy deployment in‘ thé
Eountry.‘ | | ]
hs said, the Government has set an ambitious target of dLeploying 60 GW of wind energy by 2022;hence‘, |
Eepoweriﬁg would not only increase the renewable eneréy portfolio of the country but would also ensute |
substantial energy security in the long term. To achieve this target, the Government must take up the below
mentioned initiatives: | |

Eentra‘ ‘Government | |

|
|
\
° Qeyelopment of a long-term repowering programme and development of a framework for the |
implementation repowering of Wind Turbines. | o
|
|
|

Igsuance of guiding framework to encourage repagwering initiatives.

\

|

|

| |
| RI for repowering projects in addition to FiT, AD, GBI or any other existing schemes. |
| C‘o‘ntinued extension of Tax benefits in the form o‘f AD. |
\

|

|

|

|

| | \ |
NHdification to the MoP's Electricity Rules 2005, ‘to relax the eligibility conditions for the curre?t C?ptive

\
= -
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

g‘e?erators and to encourage participation in repo‘wering projects by the existing wind farm dev‘elolﬁers

Publication of a list of wind rich sites where repowering projects are essential. (This although cannot be |
Irga}ndated, should be encouraged). | o |

The Central Government has notified a policy for repowering of wind projects on 05 August 2016. Though the |
policy framework is a good start, many of the aspects listed above which are requisites from the government are |
not coveﬁed under the present policy. The Government may reconsider the policy provisions according%y apd |

Fev131t tl‘ﬁ same. |

State Government |
| ||

) . \ : .
e Direct state level nodal agencies for renewable development, to come up with data of remaining

\
\
[ .
| ‘ ‘plant life
|
\

ahd PPA durations for all projects in wind rich sitiﬁ:s as identified by the Central Government.

\ N
° Fﬁilitate project developers/owners with the reqPired data as and when required.

— — — |— e Approve repowering project schemes-in-atimelymanner. — — — — — — — — — — \

| e Disburse incentive funds to parties as and when required. \



| N | | | |
' FaCilitate and | priGrit?s,e (izvei)pﬁenT of the evacation infrastructure for accelerated (%pl;ymzhtgf ST
\ repowering projects. \ | | |

The inte‘r{/entions required from the various agencies arg summarized in Figure 38. L | ‘

| IR Interventions Required From Various Age‘ncies . | ‘
! ! ] \ |

| REGULATION | |

| * Re-Powering | |

‘ Guidelines to be Coordination for ‘ |
formulated for Evacuation planning

| long term & augmentation | |
repowering

| Approval of DPRs for
| program | |

Repowering
Incentive

| mechanism to be

| devised

Recommendation \ |

for Incentive scheme

& facilitation / ‘ |

‘ Variations in Off- support for availing | |
take, State, incentive by

‘ Vinl:a%.e,kcagacity developers(s) ‘ |
to be linked to

\ incentive tenure kil

resource data ‘ |

‘ INSTITUTIONAL ‘ |
POLICY




JThe rese‘ak‘ch on repowering of old wind turbines in Indi:g, prior to and during the preparation of this re&mr%,

i‘epoweriﬁg on their own in future unless various techni&al, regulatory and commercial considerations,‘ and the

reveals thiat the existing wind power project developers and other stakeholders are unlikely to pursue

multiple dhallenges surrounding the repowering project/scheme are adequately addressed. |

Even if the owners are interested, multiple ownership of WTGs at given windfarm site, continuation oflthel
existing[PPAs, willingness of the utilities to support such repowering project schemes through continuation of
toncessional banking/wheeling arrangements, additional investments required for evacuation infrastiuctjire
gtc., pose significant challenges for a repowering project even at an inception stage. The repowering busingss
model, developed in this study, considers several implementation issues regarding technical, commergial,
Fegulatow and policy hurdles, and proposes a win-win splution for all upon considering the concerns qf vz?rious
Ftakeholwdwers. | L

"I‘he preﬁept policy initiatives by the Government is a go?d start, considering the complexities involvedr If f{l
scheme as suggested in this report is introduced by the Government, then with the support of conducive

regulato‘r?/ framework, successful implementation of such business models can catalyse the growth of JJUS%I’IGSS

‘opportunlties for repowering of old wind power projects‘in India. |
| N |
| N |
| N |
\ N \
| | |
| | |
| N |
| N |
| N |
\ N \
| | |
| | |
| N |
| N |
| N |
\ N \
| | |
| | |
| N |
| N |
| |
\ \
| |
| |
| |
| |

|

|
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- Annexurel: I
Note On Issues Related to
Captive Power From the

Perspective Of Repowering

\ \
Background | | |
The devélbpment of wind power projects started in Indid in early 1990s. All such early projects are located at the |
best windIrich sites in the country. Most of the old turbirles are generally with capacity sizes ranging from 55 kW!
to 500 kW and have a CUF in the range of 10% to 15%. | | |
Modern wind turbines with higher hub heights and with/better technology, can deliver CUF more than 5% to |
B0% at such wind resource rich sites. The total energy generation could be two to three times the energy | |
generated from same piece of land. To optimally utilize the wind resources, the old turbines should be replaced |
with suchmodern turbines of higher capacity which may result in the capacity augmentation by aroung two ‘
Fimes ormore with a corresponding energy yield increas‘e by around three times the present generatiorP at ‘these
‘windy siﬁs. This process is referred to as repowering of Fhe old wind turbines and would help in not only

improvi?% the resource utilisation, but also help in achie‘ving the Indian Government's ambitious target of‘ 60

\ \
GW of wind energy.

t is understood that most of the wind energy development that occurred prior to 2002 was for captive

consumption, especially in the wind rich states such as éujarat, Maharashtra, Karnataka and Tamil Na(‘flu. JThe

This has‘ﬂelped these industrial units reduce their eneréy bills primarily because the power from grid that'was

gndustri& in these states invested in windpower to meet the power requirements of their own industri‘Jil uhits.

made available to them at commercial tariffs, was much‘higher than the cost of generation from the wind |
energy sburces. While incentives such as AD or GBI could defray the increased costs post repowering, alreal
impedimént could be the loss of “captive” status post repowering due to increased quantum of energy| |
generatipp. | |
In this npte, the issue related to “captive” status of old wind farms has been analysed from alegaland | |

regulatory perspective, and a solution has been suggested for the inclusion in a suggested repowering policy of
Fhe Govqrpment of India. | L

1. Legal Framework | |

‘S‘ection 2 (8) of The Electricity Act, 2003 define‘s captive generating plant as: |

(8) “Captive generating plant” means a power plant set up by any person to generate electricity primari

| A ly for

is own use and includes a power plant set up by any co-operative society or association of persons for

‘Further, Section 9 of the Act describes rights and duties of Captive Generating Plant as:
‘J9. (1) Not with standing anything contained in this Act, a person may construct, maintain or operate a

captive generating plant and dedicated transmission lines:

\
|
|
| ‘éenerating electricity primarily for use of memberg of such cooperative society or association.
\
\
\
|



Provided further that no licence shall be required under the Act for supply of electricity generated from a

captive generating plant to any licensee in accordance with the provisions of this Act and the rules and
regulations made thereunder and to any consumer subject to the regulations made under sub-section(2) of
section 42.

(2) Every person, who has constructed a captive generating plant and maintains and operates such plant, shall
have the right to open access for the purposes of carrying electricity from his captive generating plant to the
destination of his use:

Provided that such open access shall be subject to availability of adequate transmission facility and such
availability of transmission facility shall be determined by the Central Transmission Utility or the State
Transmission Utility, as the case may be:

Provided further that any dispute regarding the availability of transmission facility shall be adjudicated upon
by the Appropriate Commission.”

Section 42 stipulates the exemption from levying of cross subsidy surcharge on Captive Generating

Plants:

Provided also that such surcharge shall not be liveable in case open access is provided to a person who has
established a captive generating plant for carrying the electricity to the destination of his own use.

The Ministry of Power through the Notification of Electricity Rules 2005 laid down the legal
requirements for a power generating station to be qualified as a Captive Power Plant (CPP). The
relevant excerpt of the notification is produced below:

“Requirements of Captive Generating Plant: -

(1) No power plant shall qualify as a 'captive generating plant' under section 9 read with clause (8) of
section 2 of the Act unless-

() in case of a power plant —
(I) not less than twenty-six percent of the ownership is held by the captive user(s), and

(ii) not less than fifty-one percent of the aggregate electricity generated in such plant,
determined on an annual basis, is consumed for the captive use:
Provided that in case of power plant set up by registered cooperative society, the
conditions mentioned under paragraphs at (i) and (ii) above shall be satisfied collectively
by the members of the cooperative society:
Provided further that in case of association of persons, the captive user(s) shall hold not
less than twenty-six percent of the ownership of the plant in aggregate and such captive
user(s) shall consume not less than fifty-one percent of the electricity generated,
determined on an annual basis, in proportion to their shares in ownership of the power
plant within a variation not exceeding ten percent;” (Emphasis added)

State Specific Policy Framework For Wind Energy Based Captive Power

Many states have accorded favourable treatment to the wheeling of power from CPPs based on wind energy

source in terms of open access charges.

A. As per Andhra Pradesh Wind Policy 2015, clause 8 on Transmission and Distribution charges for
wheeling of power states that:
Clause 8 (b) There will be no Transmission and Distribution charges for wheeling of power generated from
wind power projects, to the desired location/s for captive use/third party sale within the State through
grid. However, the Transmission and Distribution charges for wheeling of power generated from the wind
power projects for sale outside the State shall be as per requlations of APERC.



B. Further, according to Gujarat Wind Policy 2016, clause 15 enables exemption from payment of
electricity duty:

Clause (15) Electricity generated and consumed for self-consumption/sale to third party within the State

shall be exempted from payment of electricity duty in accordance with the provisions of the Gujarat
Electricity Duty Act, 1958 and its amendment from time to time.

Exemption from demand cut to the extent of 50% of installed capacity of wind power project in case of
captive consumption and third party sale within the State.

Analysis Of Key Issues for Wind Energy Captive Wheeling and Repowering

Under the present legal framework, a captive consumer must consume not less than 51% of the aggregate
electricity generated in such a plant. If the consumer can meet this criterion for captive, there will not be an
issue. It is important to note that the existing captive users can consume electricity generated from repowered
wind farm to the extent of its annual consumption of electricity. However, post repowering, when the actual
capacity and the aggregate energy yield may increase by around two to three times the present quantum, the
consumer may not be able to consume 51% of the aggregate energy generated in such a plant.

As aresult, the consumer may lose the captive status that could result in levying of additional cross subsidy
surcharge on the entire consumption of the consumer. In the present legal framework, such captive generators
may not take up repowering due to the minimum consumption criteria.

Further, it may be noted that the early development of wind sector was based on a model of having multiple
WTG owners at a windfarm site. Repowering project could include multiple wind projects, captive or otherwise.
All the project owners may or may not participate as "Wind Repowering Project'. Repowering could reduce the
number of turbines, and it may not be possible to evolve an exact replacement. Further, it is possible that
repowering project is undertaken by one dominant investor, and the rest of the existing captive project owners
may be small/minority stake holders as a result, the repowering project may or may not be able to meet the
criteria of 26% ownership in such repowered project.

Hence, the minimum consumption criteria and ownership requirement of 51% and 26% respectively would
pose as major bottlenecks for the prospective repowering projects for wind captive generating plants. Flexibility
in terms of minimum consumption would be required to promote repowering activities for captive generating
stations.

It may be noted that the conditions related to ownership and consumption have been specified in the Electricity
Rules, 2005 notified by Ministry of Power, Government of India. Therefore, modifications to the eligibility
conditions as stipulated under The Electricity Rules 2005, need to be incorporated.

Proposed Solution

The criteria for captive consumers as defined in The Electricity Rules, 2005 can be relaxed by way of a
notification under Section 176 (z) of the Electricity Act 2003. It is proposed to allow the existing captive users of
wind power project to continue to consume energy equal to their captive consumption prior to repowering as
calculated below irrespective of whether the plant meets the definition set out in the said rule or not:

e The condition of 51% consumption and 26% ownership shall not be applicable in the case of
existing captive users of the repowered power projects, so long as annual captive consumption of
such captive users from the repowered projects remain at least equal to the average annual captive
consumption for the last three years prior to commissioning for repowered wind power project.
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| |
Tt may belnoted that the above scenarios do not considet the following complexities:  ~ [
\
\
|
|
|
|
\
\

\ e |Involvement of “sale to utilities” projects. \

|
| e |Ownership related issues. | |
|

\ N \
[Draft For Proposed Amendment To Electricity Rules, 2005 |

\Draft amendment to the Electricity Rules, 2005 were published by MoP on 22 May, 2018. To facilitate |
‘participFFion of the existing wind captive generators in }'epowering projects, suitable amendments are
necessaW which could be considered by the MoP as part of the present revision in the Electricity Rules

| \ 1
‘The follpyving paragraph is proposed to be incorporated‘as the third provision in the Clause 3.1 (a) of t}}e

‘Electric}ty Rules which deals with requirements of a cap‘tive generating plant. |
“‘Provid that in the case of repowered wind generating plant, the conditions mentioned under paragraphs ?t Stle
Clause (i) and (ii) of Clause 1(a) would be considered satisfied if the quantum of captive energy consumption post
‘repower' g by existing captive users is at least equal to the average annual captive consumption for the last threé years
‘prior to Mpowering. 7 |
| N |
\ N \
| | |
| | |
| N |
| N |
| N |
\ N \
| | |
| | |
| N |
| N |
| N |
\ N \
| | |
| | |
| |
| |
| |
\ \
| |
| |
| |
| |
| |
\ \
| |
| |
| |
| |
|
|



Annexure II:
Draft Guidelines and
Framework for Wind
Repowering

i 1 i
1. Préamble \ | \

Dver the‘ﬂast 20 years, India's wind sector has seen a rerharkable progress. As on 31 March 2018, 34,046 MW of |

vind genération capacity is installed in India which is about half of the total renewable energy installed capacity|
bf 69,022|MW. Today, India has the fourth highest wind|generation capacity in the world. | |
Presently| there are several wind projects that are operational for more than 15 years These projects aré lo¢ated |
at the best wind resource sites. These wind projects typically have turbine sizes ranging from 55 kW to 500 kW. |
Given thejavailable technology then, many of these wind turbines operate at very low CUF of 10% to 15%. These |
old ineffjcient turbines can be replaced with modern high efficiency wind turbines. The CUF of modern day |
Furbines‘ qre estimated at 25% to 30% and at 80 to 100 m@tre hub height. This process of replacement O’f olg |
‘wind tur‘bﬁnes with high capacity turbines, called 'Repovs{ering', could result in an upsurge in installed $apﬁ1city |

and enerﬁy yield each by a factor of two to three times. This process of 'Repowering' would help not only in

ensurin% "che optimal utilization of such wind rich sites, Lut also in avoiding waste of a national resourﬁe in the
orm of wind. Increase in capacity would also help in achieving the target of 60,000 MW of installed wind
l':apacity‘ﬂy 2022 as envisaged by the Government. Hencé, it is important that repowering of old wind p}ojécts |
hre under'taken on a priority basis. | o |
While thelrationale for repowering is strong, there are séveral challenges in implementing such projecﬂs. One of |
the main éhallenges is the fragmented ownership of the bld wind power projects. In any wind power prbjeét, |
different turbines are owned by different persons/entities/individualshaving different aspirations and financial |
capabiliti¢s. Further, many projects were developed for captive consumption. Given depreciated value pf the |
assets and the minimum O&M expenses required by thege old wind power projects, the cost of electricity from |
these projects for captive users is very low. Any repowering is bound to increase the cost of electricity tp captive |
users as Fpmpared to the operating cost of existing wind‘ power projects. Hence, the idea of repowering‘ is Qeing |
Fesisted ‘by such captive users Further, increase in capac}ty and energy generation could create problen}s While |
T:omplyin with the rules for captive generation under EHectricity Act 2003. Owing to fragmented ownelfship,
many generators are apprehensive of developing a repowering project.

To address these challenges, the Government may develop a “Wind Repowering Policy (WRP)”. |

2. Objectives

\
Following are the objectives to develop WRP: |
|

e [Promote optimum utilization of wind resources.

o Create implementation framework for repoweri‘ng.

'Provide investment security by ensuring long term policy certainty.

\
\ \
| |
| |
\ \
\ \
\ \
\ \
T e [Hacilitate private narticination throueh innovative financine and proiect structures |t —  — —
° ‘ﬂevise framework for incentive mechanism, as %ay be necessary, during the initial stages of | |
— I

— _ Operationalisingrepowering policy. _ _ | _ _ _ _ _ _ _ _ _ _ _ 17T 77
\ N \ . \
| [ | [ |



|process for implementation of the Repowering Project. |

| |
~ I3 pefinitions ] - - = T

| ° ““Additional Generation” means total generatioh from the project after repowering minus prel | |
| uepowering generation. . |
e ““Detailed Project Report” (DPR) is the documeﬂt as defined in Clause 100f this Policy. . |
e ““Implementation Agreement” is the agreemeng entered into by the WRPI with Nodal Agency ﬂurguant |
| [to this Policy. | | |
| e ldNodal Agency” is the agency responsible for wind power development in the State. ] |
e ““Pre—Feasibility Report” (PFR) is the documeng as defined in the Clause 9 of this Policy. . |
e ““Project Execution Period” is the period in mon‘ths as defined in Implementing Agreement dukiné |
| |which the project must be completed. | ] |
e ‘“‘Pre—Repowering Generation”is the average geheration for existing wind project for three yeérs | |
| | ﬁnmediately preceding the year in which PFR ig prepared. | |
e ““Remaining life” of the project would be the reﬁnaining contractual period from SOCD for the wind |
\ [turbines as per PPA. However, if contractual petiod is not defined in PPA, “Remaining Life” would be |
\ five years from the date of SOCD provided the turbines were commissioned before 31 March 2000 \
| e [“Repowering Area” is the area over which existing wind turbines are located. | \
| e |“YRepowering Project” is the project which involves removal of old wind turbines of lower capdcity and |
| linstallation of modern wind turbines of higher ¢apacity, thereby enhancing the capacity and energy |
| |yield from the Repowering Area. | | |
| e |‘{Start of Construction Date (SOCD)” is the date|on which WRPI would start dismantling old wind | |
\ |turbines. SOCD shall be defined in the Implementation Agreement. | \
‘ [}
| | project. | o
| & |{Wind repowering Project Implementer” (WRP]) is the entity selected through competitive bidding
\
4. Operative Period | |

The poli&‘r can come into effect on the date of issuance ahd it is advisable to be kept in force for a period of ffive
ﬁ/ears or till such time, a new policy is issued. However, amendments may be made during the operativé pei‘iod.

F. PrOﬁedures For Implementation Of Repow‘ering Project |

The pro?ﬁdures for implementation of a repowering proiect may be as given below:

|
|

° ‘V‘VRPD shall identify repowering area and prepa{e PER for the same o
\

\
° Hpon approval, the Nodal Agency shall forward ‘the PFR to a senior entity that could be the gov‘erqment.

|
| ° M/RPD submits the PFR to a nodal agency for apProval
\
\
|
|
|
|

The senior entity or the government shall call bids for selection of WRPI for development of

° ‘Arpproval of the PFR by the senior entity or the government. o
° Hpon approval, MNRE shall give a grant to WRPP for preparation of DPR. |
® |WRPD to prepare DPR for submission to the senﬁor entity or the government. |
® The senior entity or the government shall scrutinize the DPR for further approval. |
¢ \
|

| | 'Bepowering Project' as per DPR. |

— — — |— e Biddingcondition would be the lowest'RI'.. — — — — — — — — — . . |
| e |WRPIto enter into Implementation Agreement fwith the Nodal Agency. |
— — — |7 @ [WRPItostart 'Repowering Projecton SOCD and/compiete the project during Project Execution

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|/Wind Repowering Project Developer” (WRPD)is the person who develops the DPR for the Repowering | |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|



\
\
\
|
|
~ e ISNAsand STUs to ensure availability of evacuation infrastructure beyond the pooling station lﬁyﬁmzndT -

\ | of project execution period. \ |

‘A detailéd flowchart is enclosed as Annexure 1 at the end‘. ]

\ || \ |
6. Eligible Entities \ .

All registered companies may be eligible to be Wind Reppwering Project Developer (WRPD) or Wind Repowering
Project I‘n{nplementer (WRPI). | o

7. Eligibility Criteria For Repowering Project | |
The RepHNering Project should, at the minimum, satisf? the following conditions: o
|
|

° "E‘he wind turbines in the repowering area shoul‘d have completed operational life of minimum 15 Years
|

| (Ln SOCD.

|

|

|

| ° \IP case, the wind turbines have not completed tPe stipulated period of 15 years but the annual Fverage
| CUF for three preceding years is below 15%, the same may be considered for repowering.

\

|
|
\
\
|
|
|
|
\
\
|
|
|
° ‘Qapacity of individual turbine is not more than 500 kWw. o |

8. Grant For Preparation Of DPR | | |

Itis impb}tant to incentivise the activity of developmené of 'Repowering Project'. To promote repoweﬂing‘ in thel
Eountry,‘ éupport is needed for the concept of 'WRPD'. It would be best if any person intending to be WRPD), shall
undertake preliminary activities related to identificatiorl of repowering project. WRPD shall prepare PFR in line |
fwith thelprovisions of this Policy for the said 'Repowerinig Project' to the senior entity or the government | \
through|the Nodal Agency. The senior entity or the government may undertake assessment of the PFR and
approve|the same if the project is feasible. ‘ |

[Che senior entity or the government is suggested to proyide a grant of X 30 Lakh for preparing a DPR for the
Proposeg‘repowering project. The said grant may be disl?ursed in two equal instalments of 50% each on |
Pchieverpfznt of the following two milestones: | |

| e |Approval of PFR by MNRE \ |

| e |Approval of DPR by MNRE | .

bPR shahl be the property of MNRE and would be used bg} MNRE to undertake competitive bidding for s‘eleétion

Bf the Mﬁd Repowering Project Implementer. | o

| ] |
2. PFR, |

‘The PFR to be prepared by WRPD shall contain following information about the repowering project:
® |Definition of repowering area |

e |Existing wind turbines and turbine owners ‘

\Existing offtake arrangements \

® |Generation from existing wind turbines \

|
\
\
\
\
\ |Wind potential in Repowering Area (incl. WRPD|at 80 m hub-height)
|

\
\
|
|
\
° ‘Hooling substation and interconnection arrangement ‘
\
\
|
|Initial consent of at least 70% turbine owners to consider repowering \

\

\ e |Details about land — ownership, location, latitude/longitude

|

|

\

|

|

|

|

|

\

| |
| |
| |
| |
| |
\ \
| |
| |
| |
| |
| |

— — — |~ & {Brelimimarydetailsabout evacuation arrangement— existingandproposed — — — — — | 4 — +— — —
| | | | |
1 N



10. DPR
The DPR shall include the following details regarding repowering project:

e DPR shall contain following information about the existing turbines:

Coordinates of existing WTG

Capacity of each WTG

Information about land ownership

Electricity generation details for last three years
Interconnection arrangements with Single Line Diagram
Offtake arrangements including PPA details

Budget Cost Estimate — repowering and de-commissioning

e Details of layout of the new project and selection of machines etc.

e DPR shall demonstrate the feasibility of repowering using minimum three types of turbines currently

available in India.

e Land requirement for new turbines and availability of the same.

e Power evacuation arrangement beyond pooling station and estimation of capital expenditure.

e Consent of WT'G owners in Repowering Area to be part of the Repowering Project and sell existing

turbines to WRPI at the price set out in this Policy.

11. Competitive Bidding Process

The competitive bidding to be undertaken by the senior entity or the government for selection of WRPI shall be

as given below:

e The senior entity or the government shall conduct competitive bidding for selection of WRPI for each

DPR for repowering project.

e The senior entity or the government shall issue separate bidding documents later, which would include
technical and financial criteria for participation in bidding.

e Bidding documents shall have the DPR prepared by WRPD.

e (Criteria for bidding shall be the minimum RI demanded by WRPI to implement repowering project.

e The senior entity or the government shall specify the maximum RI that it is ready to offer for
'Repowering Project'. Bidder bidding maximum discount on this incentive shall be selected to be WRPI
for the said repowering project.

12. WRPI

Any Company registered under The Companies Act 1956, satisfying the technical and financial criteria specified

in the tender, may be allowed to participate in the competitive bidding process to be undertaken by the senior
entity or the government for the selection of a WRPI. The Company bidding the lowest RI shall be selected as
WRPI may implement the project through Special Purpose Vehicle set up for this purpose. However, WRPI shall
retain minimum 51% stake in such SPV for period of two years after commissioning of the Repowering Project.
Implementation of the project through SPV shall not absolve WRPI of its responsibilities and it shall continue to
be responsible for the following activities:

e Enter into Implementation Agreement with the senior entity or the government and Nodal Agency.

e  Enter PPA with existing owners for pre-repowering generation.

® Acquire assets from the existing owners by cash payment or equity contribution in SPV.

e. Obtain all permissions required to undertake repowering related activities

e Remove existing wind turbines.



e Install new wind turbines.

e Upgrade pooling substation.
e Enter into agreement for sell of additional generation.

It may be noted that the above list of activities is not exhaustive and WRPI is expected to undertake all activities
related to implementation of Repowering Project.

13. Sale Of Electricity

Post repowering, owing to the higher capacity of modern turbines, the electricity generation will substantially
go up. However, the existing PPA arrangements in terms of tariff levied for the remaining life of existing PPA or
captive wheeling arrangements (as the case may be) and the contracted quantum of energy shall remain
unchanged along with other terms and conditions.

WRPI shall sell 'Pre-Repowering Generation' to the buyers in accordance with the pre-repowering
arrangements for sell of electricity for remaining life of sale arrangements. WRPI shall be free to sell additional
generation to any person. State distribution companies shall not insist on WRPI to sign PPA for Additional
Generation. SLDC may develop suitable arrangements for settling transactions for Pre-Repowering Generation
(PRG) and Additional Generation (AG).

It is likely that WRPI does not meet the criteria for CPP as set out under Rules notified by the MoP in 2005. Post
repowering, the existing project owners may lose the benefit of being captive producer. This will be a major
barrier for repowering. Hence, the Government of India will modify the Captive Rules to exempt repowering
projects from ownership and consumption requirements.

14. RI

For repowering project, the following RI may be realised in competitive bidding process:

e Under the scheme, a maximum RI of X 1.00 per unit of electricity fed into the grid from Repowering
Project shall be provided for a period of five years or upto cumulative total generation of 8 MU per MW
from the date of commissioning of re-powered wind power project, whichever is earlier.

e Actual RI payable for each project shall be discovered through competitive bidding process.

e RIshall be paid for 8MU per MWpost-repowering generation capacity.

15. Repowering With Wind and Solar Hybrid

Sites where adequate solar energy is available, the WRPI shall put in efforts to develop wind and solar hybrid
project. Such projects should have minimum wind capacity of 50% of the project capacity in MW. However, the
incentives under the repowering scheme will be available only for wind generation.

16. Transmission Of Power

Enhancement of capacity of pooling station shall be the responsibility of WRPI. However, transmission of power
is a high priority pre-requisite to drive repowering of old wind turbines. This Policy aims to work with Central
and State Transmission Utilities to address the following issues related to evacuation infrastructure:

e The Central and State Transmission Utilities should upgrade their evacuation infrastructure that
presently connects the wind projects which are more than 15 years old. Especially the generators who
are connected to 11 KV lines must now connect to 66 KV HT lines for uninterrupted evacuation of the
additional generation from the repowered facilities. The STUs may coordinate with the SNAs to
identify the potential repowering zones for proper planning of augmentation.

e Augmentation of the pooling substation shall be the responsibility of the WRPI.



SNAs pr‘otnoting renewable energy should ensure that tﬂe WRPI strictly adheres to the eligibility condi‘timjls as
mentioﬂéd above. Voluntary repowering projects, not adhering to eligibility conditions may be registe{‘ed kor
‘private irlvestors with a clause that no incentive from the Central Government shall be available for su¢h |
‘projects‘. ‘ ‘ o

SNA shall also ensure that the State Transmission Company undertakes upgradation of grid infrastruc{uré till

the pool‘iﬁg station. | |

| | | |
‘18. Mlﬁzellaneous | |

‘manufaﬁuring of turbines etc., may follow guidelines 0§ the Wind policy as published by the Governmf_‘nt.‘

19. Powers To Remove Difficulty | .
I1f any difficulty arises in giving effect to this policy, the senior entity or the government is authorized to igsue
clarifications as well as interpretations to such provisions, as may appear to be necessary for removing the
[difficultlyleither on its own motion or after hearing thosé parties who have represented for change in ahy |

\
|
|
|
|
|
\
‘Relevanf aspects regarding wind resource assessments, ‘grid integration, land policies, wind energy—p:flrk,‘ |
|
|
|
|
\
|provisigns. \ | \

|

|Not with standing anything contained in these resolutions, the provisions of the Electricity Act 2003 and the
applicable regulations issued by CERC/any SERC from time to time shall prevail for the implementation ofjthis |

policy. | ‘ | \
20. PoWwers To Add, Modify and Relax | | |

'The senidr entity or the government should have power to amend/review/relax/interpret any of the prbviiions |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
lunder this policy as and when required. \ | \ |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|



Annexure IIL

prpject in Gu]arat

Detalls of Technical, Financial and Economic F\actors

LI'echnlcal |

Analysis of Sample reference

| | | |
The prOJeCt belongs to Private Industrial Entity and is surrounded by WEGs owned by others as against the norm

followe{m Tamil Nadu for separating distance of 5D x 7D within and outside windfarm, in Gujarat, there is no

trict norm of 5D x 7D inside the windfarm but separating distance from near-by WEGs must be 5D x 7D o
iarger V\ﬂE‘Gs. | .
Under tHi§ norm only one 1,500/2,000 KW WEG can be irlstalled by removing 14 old WEGS. This shall not be
attractive for repowering. | o

installed totalling to 4.8 MW. The CUF would increase from 6.43% to 18.28%. |
It the gtiid substation: A 66/33 kV 5 MVA transformer may be installed and a 33 kV line shall be laid. | |
hna nc%a‘\l | -
The par;TrPeters/assumptlons considered for Financial APalyms is provided in Annexure III- Part-A Tefhn}c

Assumption, Part-B Financial Assumptions.

Fonsidelflpg the captive consumption of entire generatiqn and availing AD benefit, the financial results1
| ° ‘P‘roject IRR - 25 years - 21.98% | |
| ° ‘E[quity IRR — 25 years - 24.10% | |
‘ ° Q.S.C.R. -2.09 ‘ ‘

\
s
|
|
|
The finahcial results are reasonably attractive to justify tepowering. However, for initial attraction some more
incentives may be in the form of interest subsidy can be considered. ||

ECONOMIC | |

|
|
|
\
|
|
|
|
|
\
|
|
|
|
|
Therefofé, WEG of 800 kW rating with rotor diameter of ‘53 m has been considered and sixof them can be | ‘

&
|
|
|
|
|
\
|
|
|
|
|
\
|
Gujarat isja progressive industrialized State with high demand of electricity. Availability of 10 times mare | \
|

generation from use of same land area is a highly benefigial economic factor. I
"I‘he project owner shall avail the economic benefit throqgh availability of five times higher generation in qaptive,
Fonsummion, the rate of which would increase continuo‘usly. |

Part-At Technical Assumptions | |

\
|
e ‘L‘ayout coordinates of 14 Client locations and 13‘surrounding non-Client locations were provid‘ed $long |
\ |with boundary of Client land. \ o \
| e IGeneration data was retrieved from Gujarat SLDC data at Meravadar sub-station for last 5 yea‘rs the |
| total monthly generation was for 25 nos. of 225/kW WEGS. This was apportioned for 14 WEGs. The CUF |
\ |at substation was 6.85% and after deduction of wheeling charges of 4% and banking charges of 26 the |
|
|
\

e |Contours of the site were generated from DEM 4t 10m interval. | |

***** [EUFis 6:43%. — — — — — — — — | = — — & — = & o

***** T - - - "4 - - - - - - - - - - A4 -1t - =



Part-B : Financial Assumptions

|
\
While caTrEying out financial analysis following assumpt?ons have been considered:

\
\
|
|
\
\
\
\
|
:
\
\
\
\
|
|
\
\
\
\
|
|
\
\
\
\
|
|
\
\
\
\
‘e [Reactive Power: As per GERC Tariff order: 10 paisa per unit of kVArh up to 10% of net energy exported I~
|
+

& 0 &M is free for the first year and payable from 2nd year at the rate of 2% of Project Cost including

\ éxisting WEG, layout was prepared for 87 m & 100 m rotor WEG. It was observed that based or the \
| layout, nearby WEGs, and norms, only one WEG could be sited within the existing boundary. Thid |
| would not justify re-powering of 3.15 MW wind farm with 1.5 MW or 2 MW WEG. | |

|

e |Afresh micro-siting exercise was carried out with 53m rotor of 800 kW WEG. 6 nos. of WEGs dan be
| accommodated, maintaining the norms. This was taken up for repowering study for 4.8 MW windfarm.|

e |HEnergy estimation was carried out for the existing 14 Client locations based on Dhank-1 & Dhank+2 |
| wind masts of C-WET near the site. It was observed that there was over-prediction of generation by the
| two-mast data. Energy estimation done by the nearest MERRA grid data indicated CUF of 9.66% at
| Yvind farm. This is close to the actual generatiop achieved at the wind farm. The reason for acﬁual‘
| generation being lower than the estimated genFration from MERRA data could be attributed tP va}rious

reasons like degradation of WEG due to aging, poor grid, poor O&M etc. Thus, it was considere(d t}‘lat

| ]
the MERRA data represents the wind profile of the site.

| ] \ | |
Based on the MERRA data, energy estimation was carried out for the 6 new 800 kW WEGs with 75‘m

o
| l‘1ub—height. | |
° | +he net estimated generation for 800 kW WEG \‘Nith rotor of 53m and hub-height of 75m at wi‘nd %arm

| {s 76.86 lakh kWh per annum at wind farm, wh*ch means CUF of 18.28%. This is also the avereLge
\ |

| éeneration generally achieved by such WEGs in'surrounding areas.

| ’fhe total generation from the repowered wind %arm has been utilized for captive consumptioﬁ by‘Clien
| After considering only 4% wheeling charge. As ber present policy and GERC tariff order no Baﬁkiﬁg is
| permitted. \ |

| No surplus energy deemed sale has been considered as the entire generation is utilized for captive

| consumption. \ |
|
N

° | (Eost of the Project has been assumed as follows:

|

|

\

' | |

¥ e Price per MW: X 600 lakhs |
\

|

|
e Total Project Cost for 4.8 MW:X 2880 la
e Less: 7% for Land & existing Road: X 201.60 lakh
e Less: for Salvage value of 14 old WEGS+$Tcrap: X150 lakhs

e Add: NPV of loss of generation for 5 years of balance plant life, considering average generation

of last 5 years from SLDC data, less whet‘eling & banking charges of 4%+2%, tariff of X ‘4.65 per

unit with annual escalation of 3%, Less reactive power charges @10% of active generation @
Re. 0.10 per unit, Less O&M charges paygble from 15th to 20th year considering X 100 lgkhg per
N WEG of 225 kW, O&M rate in first year @ 1% with 5% escalation. Net present value (NﬁV) Lz
| 95.93 lakh \ \ \

'l e NetProject Cost: ¥ 2624.33 lakh(b-(c+d)+e) |

| Debt Equity: 70:30 \ |

| Interest Rate on Loan @11% on declining balani:e, payable in quarterly instalments. |

'loan repayment period is 10 years with no Moratorium period, Loan repayment is in 40 quartérlyl
linstalments. \ |

Ql

'with no escalation. Reactive power consumption is assumed to be @ 3% of Active Generation. | |



e |Insurance: Insurance has been considered @ 0.10% on Capital cost of Project for Burglary, Theft & Fire

Thsurance.

e |Income Tax: \ .

| ﬂ’roject Life considered as 25 years

| The Income tax benefits are available under two sections of the IT Act for the Project. o
| AD Benefit u/sec 32 Rules —5 upto 80% of the Project Cost in the first year. o

\
\
\
\
\
************************ I A
\
\
\
\
\
\

\ Exemption on Income Tax on earnings from the Project u/sec 80 IA for 10 years o
| The Tax benefits of the Project have been calculated based on consolidated accounts of a Profit eafrning |
lentity.

H‘he benefits availed are as follows: | o |

Inflow from accelerated benefit has been considered on Income from other business after |
availing 80% depreciation. Tax benefit accrued by availing the 80% AD has been utilized to |
reduce the Debt burden upfront. | . \
Income Tax payable has been considered as outflow. |
In the First Year, AD benefit @ 80% has been availed. For subsequent years 80% | |
depreciation is claimed on depreciated value. |

Income Tax is payable on earnings till the cumulative loss is recovered which was incurred

|
\
|
|
by availing AD in the initial years | | |
Income Tax exemption benefit (u/sec 80 IA) has been considered on Profits after the | \
cumulative loss is recovered. ‘ | ‘
Total Income Tax benefit period is 15 years I ‘
Benefit u/sec 80 IA is available for 19 years It has been capped when it exceeds 15 years' total|
period. | o |
Full Income Tax rate: @ 30%+ 10% ﬁurcharge + 3% cess=33.990% has been consiqerqd on

Profits, as income of RIL considered above X 1000 Lakh.

Minimum Alternate Tax (MAT) rate:‘ @ 20.961% has been considered on Profits. |
The cumulated payment of MAT durfng the period of benefit u/sec 80 IA has been 1dquted
from the Full Income Tax payable immediately on completion of period of 80 IA benefit

as per section 115 JB of Income Tax A‘djustment Rules. During this adjustment peric‘)d, a‘1gain
MAT is applicable. |

After full adjustment of cumulated MAT of 10 years during 80 IA period — Full tax rate is

applicable. |

MAT paid during the initial few yearg has not been adjusted as the adjustment perigd o‘f

MAT is only applicable within a periéd of 10 years |

\

o |

o éalvage Value at the end of 25th year has been a‘ssumed to be 10% of the Capital Cost. ]

° | lgenefit out of Carbon Credit has not been consihered .

° ‘\kfheeling & Banking Charges: As the Wind farrn‘ Project shall be located at an area away from t‘he |
‘c‘onsumption at plant, wheeling charges shall baJe applicable. As per GERC order the applicable Llate‘ is
‘4‘%. As per latest policy & order of GERC only month to month adjustment is permitted, therefore no
'Banking charges have been considered. | |

o | Electricity Duty saving: As per Govt. of Gujarat f)olicy, electricity duty is exempted on electrici{y |

***** fconsumed from wind power Projects. For cash-flow analysis, the raté of electricify duty hasbéen! —




wheeled units for the life of the Project. \ . |
e |Transmission and Open Access Charges: Since the electricity from the wind power Project shall bé \
wheeled to the captive plant through the GEB gtid, Transmission and Open Access charges shall be \
lapplicable as per GERC order. The present rate for the year 2013-14 is ¥ 2970/MW/Day. This amhounts to|
X 10.8405 Lakh per MW per annum. This has be¢n considered as expenditure for wind power project. |
e |The Captive rate has been assumed at X 4.65 per unit with 3% annual escalation. | \
e |The generation has been estimated as 12.81 Lakh per turbine per annum, totalling 76.86 Lakh units per |
annum. After deduction 4% wheeling, the net energy delivered is 73.79 Lakh units per annum.| | \

|The results of the financial analysis are as belolw: |
|| e Project IRR 25 years - 21.98% \ \
|| e Equity IRR 25 years - 24.10% | |
|| e DSCR-2.09 | \
|| e Payback Period (Years)- 6.69 | |

|

e |Over view of major factors influencing decision|of repowering by Project developers and the

\
\
\
\
\
Irelationship between the various factors (considering reference project in Gujarat). |

Factors Hzlating fragmented turbine ownership, grid inﬂegration, PPA restructuring, revenue distributionl
lamong local community. | |

Grid In‘t‘egration | .

‘As the IVNV capacity would increase from 3.150 MW to 4.&00 MW, the existing 66 kV substation should {)e a‘ble to
‘cater to hlle extra demand except for — may be — space n‘eeded to install 66/33 kV Substation.

\ | | | |
This needs to be verified at site.

| Il | |
PPA Restructuring \ |

[For the hew installation — a fresh PPA — for captive congumption shall have to be executed as per latest terms
land Condijtions and there should be no difficulty. | |

Revenue Distribution | |

Since the land is already owned by the Investor and no n‘ew land is considered to be acquired — there sh‘all {)e no
necessit&r‘to share revenue with local community.

° Detﬂled over-view of the total market Potential of‘repowering in India.

. Detailed assessment of the repowering potgntial in India and the supply chain impacts. |

| Immediate plan for repowering may ideally consider replacement of Wind Electric Generators|(WEGs)
| %nstalled up to 31.03.2002 and for WEGS rated up to 600 kW. |



Wind world

RegehlPowertech

Suzlon

Andhra Pradesh

|

| Karnataka

| Madh‘y‘a Pradesh
| Maha‘rgshtra

| Rajas{linan

| Tamil‘l\lladu

| Totall |

| N

\

\

The total installed capacity includes 58.915 MW of demopstration windfarms installed by states with the
support from the Government of India.

800 kW
1,500 kW
1,500 kW
1,500 kW
1,500 kW
1,500 kW

75 mtr. |

70/75/85/100 mtr.

78 mtr.|
120 mtr!
104/93 mtr.
80/92 mtt.

52.9 mtr.
82.34 mtr.
82 mtr.
97 mtr
97/114 mtr.
100 mtr.

ear wise and State-wise installation is provided in Tabl‘e 13.

Numerous installations are with Single WEGs, where it s‘hall be difficult to repower with larger rating \)VE&

State wise and rating wise single WEG installations are p‘rovided in Table 14.

LI‘hese small and inefficient WEGs can be replaced by foll‘owing new generation efficient WEGs. The suppliers

have adéciuate capacity to supply and offer efficient O&M service.

Larger WEGs were inbtalled
after 31 March 2002.‘ ‘

|

|

|

The state-wise total ihstalled |

capacity in different tat?s ‘
for WEGS up to 600 kW and

installed up to 31 Malrch | \

2002. |

|

89.540
178.280 |
63850 |
21600 |
310605 |
15240 |
837.665 |

1,516.87 |

\
|
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