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1. Introduction

In the developing countries selected in CASES, fwernments have been
implementing policy instruments to promote renewadshergy in power generation,
with an aim to: 1) mitigate GHG emissions, 2) fosgeonomic development of rural
areas, and 3) enhance the energy security by dwdle energy matrix and by
reducing the dependence on imported energy soufnegcent years, rapid economic
growth has been widely observed in these developountries. In 2006, Turkey
achieved GDP growth rate by 6.1%, 10.7% for Charad 9.2% for India (World
Bank Statistics). In this momentum of economic glgwhese countries have been
undergoing increasing electricity consumption. @ivthat the power sector is
characterised by its high greenhouse gas (GHG)s&nis, a cleaner energy matrix is
necessary to support sustainable economic develtpirgck of access to electricity
has been a crucial contribution to economic andakanequality amongst areas
within a country, such as in Brazil, China, andignd/Vhilst grid extension to these
off-grid remote areas is not always economicalbuglble, electrifying these areas by
means of local renewable resources can be an aitegnEnergy security or security
of supply of a country is its ability to supply egge to meet demand at a price that
protects economic growth. Long-term measures toease national energy security
are to decrease the dependence on one energy smumegorted sources and to
exploit local fossil fuels or renewable resources.

Governments have a number of options that they usanto promote renewable
energy. The first is to support the voluntary measuparticularly through education
and dissemination. The second type refers to emviemtal standards or energy taxes.
The third option is to promote renewable enerdiesigh direct support. Generally, a
mix of policy instrument is essential to succeSawin, 2004) This report will focus
on the investigation of policy instruments thateoffdirect support to renewable
energy projects, in the developing countries ozBr&hina, India, and Turkey.

Section 2 briefly reviews the policy instrumentattlare currently active in the four

countries. Assessment of the policy instrument wél carried out in section 3 for

each of the four countries, by using criteria thig also applied in assessing policy
instruments in the EU countries (WP9). Conclusidlhbve made in section 4.
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2. Policy instruments

2.1. Brazil

As of year 2005, Brazil had installed power genematapacity of around 100GW.
Hydroelectricity accounted for over 70% of the aafya mainly from large-scale
hydro power, and gas fired power plant ranked #eoisd, 10.07%. By contrast, the
share of installed capacity of coal-fired poweatisund 1.4%. In terms of electricity
production, hydropower, both large- and small-scatetributed more than 80% of
the domestic power production in that year. Sedelald below for more information.
By year 2005, the installed capacity of renewabl@sed power plants was only 5%
of the total capacity; given its abundant renewatglsources, Brazil has a great
potential in further fostering renewables energhi®logies.

Table 2.1: Installed capacity and electricity geneation by technologies as of year 2005

Installed capacity (MW) % of capacity Electricity production (GWh) % of production

Coal 1,415 1.41 9,971 2.47
oll 5,251 5.24 11,737 291
Gas 10,085 10.07 18,813 4.67
Nuclear 2,007 2.00 9,855 2.45
Large hydro 68,400 68.29 337,457 83.73
Small hydro 1,740 1.74

Wind 28.6 0.03 93 0.02
Biomass 3,068 3.06 14,361 3.56
Other sources 8,170 8.16 745 0.18
Total 100,164.6 100 403,032 100

Source: Brazilian Ministry of Mines and Energy (MM&nd IEA statistics

The earliest renewable energy projects are dateld tsamid 1970s. Since 1990s,
government programmes commenced to electrify offi gural areas through

renewable energy technologies. A federal prograntme,Programme for Energy
Development in State and Municipalities (PRODEEMN)ring the years 1994-2001,
was launched, in order to electrify remote village®ugh locally available renewable
sources and thereby to promote self-sustainablalsamed economic development of
these areas. In general, flaws in the executiore wevealed. Firstly, the programme
only installed 18% of the systems planned, 46%ystesns installed were mislaid,
and 36% were installed correctly but soon stoppedkivg. Secondly, the target of
diversifying energy resources was not met as plodtaie technology prevailed,

whereas wind systems and small hydroelectric statizvere excluded. (Ruiz,

Rodriguez, and Bermann, 2007)

During 2001-2004, two programmes were launchedampte electricity generation
by using wind power and small hydroelectric povildrese are the Emergency Energy
Programme (PROEOLICA) for the wind power and theogPamme for the
Commercialisation and Development of Small Hydrogie station (PCH-COM) for
the latter source. PROEOLICA aimed to install céyaof 1050MW with wind
turbines to connect them to the electrical netwarkg a purchase of the generated
electricity (up to 1050 MW) was guaranteed oveeraqu of 15 years, at a price fixed
by regulatory authority. Upon enactment of this ggeanme, this price lay at R$
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112/MWh. In May 2002 a new reference price of RB32MWh was determined by
ANEEL (Resolution No. 248), which, however, waskawed unable to cover the
emerging costof the power generation from wind energy. Thisgpamme later on
was transferred to the Alternative Energy Sourcemtive Programme (PROINFA).
The PCH-COM programme aimed to commercialise srhgtlroelectric stations.
Capacity of 1200 MW was planned to be installedrduthe years 2001-2003. Loans
were provided to the enterprise; also, generatedtradity by private sectors was
guaranteed a purchase from the utility at a fixedep However, four months after it
launched, this programme became inactive as theegrilid not provide enough
incentives to the private investors.

Regulated by Law 10438/02 and later revised byLéhe No. 10762/03 and Decree
5025 in March 2004he Alternative Energy Source Incentive ProgramRiR@QINFA)
enacted in 2002 and became the main programme tojeta promote electricity
generation from renewable energy sources. In tisé fhase (year 2002-2006this
programme required installation of 3300 MW of eledly capacity from wind
turbine, small hydropower stations, and biomassitplawith 1100 MW for each
source. A tendering system was introduced to conttlais capacity. Long-term
purchase guarantee was offered to independent pgenerators: produced electricity
will be purchased by Eletrobrist fixed feed-in prices for 20 years. The fixed
purchase prices vary amongst renewable sourcearantketermined by the economic
value of the referential competing energy sofircas shown in Table 2.2. The
PROINFA-tariffs are adjusted annually by the IGP-le General Market Price
IndexX. The unadjusted economic values (feed-in tarifs) adjusted purchase prices
of electricity contracted in the first phase of ARBA are shown in Table 2.2.

! The emerging cost was estimated to be betweej RE01.40/MWh and R$,y; 218/MWh.

(Wachsmann and Tolmasquim, 2003)

% Later, the deadline of the first phase was postgdrom December 2006 to December 2008 (Decree
MME 452/2005). This is the deadline for start-uppération of contracted power generators.

? Eletrobrés is currently a holding company thatdidkrectly the Ministry of Mine and Energy.

Several utility companies that generate and trasitpanies in the country are under its holding.

* The Law 10436 initially defined the economic valoéthree types of RETs at 80% at least of the
average national rate of supply to the end usetghie temporary measure 127/03 amended this value
of 50%, 70%, and 90% of the average national @telectricity generated from biomass, small hydro,
and wind power, respectively. Average national cdtsupply is measured as the ratio of income from
electricity supply to end users in the past 12 mend respective electricity consumed, shown in
R$/MWh.

® The General Market Price Index is composed of thtements: (1) Wholesale Trade Market Price
Index (IPA-M) (60%), (2) Consumer Market Price Ird&PC-M) (30%) and (3) National Construction
Cost Index (INCC-M) (10%). (Kissel and Krauter, 800
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Table 2.2: Feed-in tariffs by different renewable eargy technology

Adjusted tariffs

Renewable Energy Feed-in tariffs Fg(e:zgr-]itr;/fvr\i/f:]s %Elnyt Szlgg\éh
Technology R$/MWh (March 2004) (March 2004) adjusted by
IGP-M index)
Small-scale hydro 117.02 4.50 5.1
Wind power 180.18 — 204.35 6.93-7.86 7.8-8.9
Biomass
Sugarcane 93.77 3.61 4.1
Wood residues 103.20 3.97 4.5
Rice husks 101.35 3.90 4.4
Landfill biogas 169.08 6.50 7.3

Note: 1€ = R$ 2.60. Source: do Valle Costa e2@08

In the first phase, the programme establishexdramum equipment nationalisation
index® at 60% of the equipment value, and this index wilrease to 90% in the
second phase of the programme due to expected lacgée of long-term projects
(Dutra and Szklo, 2008). This index aimed at dguielgp the manufacturing industry
of renewable energy technologies that produce deigiods and create employment
opportunities.

Notified by the Law 10438/2002, the second phaseR®DINFA aims to achieve the
target that the gross electricity consumption fremd energy, biomass, and small
hydro power will achieve 10% of the total electigatonsumption by 2022. In 2004, a
new regulatory framework for the power sector wasoduced by the Law 10848,
and as understood, the second phase of PROINFAwawik to operate in compliance
with this new model. The new model introduces alinig system to replace previous
wholesale energy market to contract new electriggyperation capacity from both
conventional and non-conventional fuels. This aitmscontrol excess rise of the
electricity tariffs as contracts will be given twetprojects which generate electricity at
lower prices. In order to keep promoting the useesfewable energy, a share of
electricity amount to be contracted in the biddongcesses will be reserved to these
sources. The share will be defined by the MinigifyMines and Energy (MME),
under the condition that the bidding prices fromengable sources shall not exceed
0.5% of the final tariff in any year, when compateda power generation expansion
based on conventional sources. Moreover, the adabedu tariff impact due to
renewables shall not exceed 5% of the tariff fvdas formed only by conventional
sources. The capacity of new renewables projedtbwicapped to limit their impact
on the final electricity tariffs. Despite the broadidelines mentioned above, the
implementation date of the second phase is stidhawn.

® This index refers to a mandate that a minimum peagge of total equipment in value must be
manufactured domestically.
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2.2. China

China, as a growing economy, has roughly 9.4% efwilorld’s installed electricity
generation capacity and is predicted to be respn&r up to 25% of the increase in
global electricity generation over the next threzatles. For the purpose of power
production, coal has been a dominant source in &him 2005, it was used to
generate almost 79% of China’s electricity, whereszewable resources — hydro
power (mainly large scaled) and biomass - accoutaedi6%, of which hydro power
has a dominant share. See Table 2.3 for more irfioom

Table 2.3: Power generation by sources in 2005
Electricity production (GWh) % of total production

Coal 1,972,267 78.97
Qil 60,634 2.43
Gas 11,931 0.48
Biomass 2,504 0.1
Nuclear 53,088 2.13
Hydro power 397,017 15.9
Total 2,497,441 100

Source: |IEA energy statistics

In 1970s and 1980s, demand of electricity grewuiralrareas. In order to meet this
trend, China provided financial incentives to préenasing renewable sources, such
as biogas, fuel wood, and small hydropower, to gaeslectricity. These incentives

included low interest loans, financial grants, aotbsidies. China emitted 10.6% of
global carbon emission from fossil fuels in 199@ d4.2% in 2003, and this share is
projected to rise to 22.2% by 2020 (IEA, 2006).cbrrespondence with this, since
1990s, environmental protection and sustainableeldpment have also become
targets for government policies to promote eleityrigeneration from renewable

sources, in particular solar energy, wind powed, biomass.

Several executive programmes have commenced sBR@slo promote electricity
generation from renewable resources. The BrightR¥sgramme, implemented in
1996, is an umbrella program that includes the Tshm Electrification Programme
(TEP) (implemented 2001-2003), and the Village &ikcation Programme (2005-
2010). The TEP contracted 20 MW of solar PV and IBAOof wind, and 200 MW of
small hydro through public biddings, to provide otteity for more than 1000
townships. The Wind Power Concession Programmelemgnted in 2002, has been
the main programme to develop large-scale on-siword projects to connect to the
grid. As of 2005/2006, the installed capacity ofle&®ET nationwide is reported in
the second column of Table 2.4. The Renewable Enkayv, a latest regulatory
framework for renewable energy projects, took effea January 1, 2006. By
encouraging investment in wind, solar, water, bisspand other renewable resources,
the Law notifies that installed capacity of reneleakbased generation shall reach
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15% of total generation capacity by 2020 and thgjepted capacity by different
renewable energy technologies (RETs, hereaftershasvn in Table 2.4, shall be
achieved. Moreover, the Chinese government's Etevéive-year Plan, dating from
2006 to 2011, specifies measures in detail to aszdhe shares of renewable energy:
1) the construction of 30 large-scale wind farmshwa 100MW capacity; 2) the
provision for grid-connected wind and biomass taclke 5 GW and 5.5 GW
respectively; 3) to achieve biomass and wasteddajeneration of more than 5.5 GW
by 2010.

Table 2.4: Realised and projected installed capagitof different RETs in China

RET Current installed capacity Projected installed capacity in 2020
(2005/2006) (MW) (MW)

Small hydro power 2850 300,060

Biomass 1880 30,000

Wind power 1260 30,000

Solar PV 65 1,800

Source: Fang and Zeng (2007)

Supported by various programmes, the major polistriments that are currently
active for renewables-based power generation iechethewable portfolio standards
(see blow), market regulating mechanisms, fiscegitives, and grants for research
development. In late 2007, the Renewable PortfStandard (RPS) mandates were
announced (Renewables global status report, 2@0tly, the share of non-hydro
renewable energy should be 1% of total power geéioerdy 2010 and 3% by 2020.
Secondly, any power producer in China with capagtgater than 5GW must
increase its actual ownership of power capacitynfroon-hydro renewables to 3% by
2010 and 8% by 2020. Market regulatory mechanismsmployed for biomass and
wind power technologies connected to the grid. Eeafole tax rates and custom
duties reductions are provided to the renewabldnt@ogies. Other financial
incentives are also available: 1) renewable endepelopment fund is provided to
encourage studies in renewable energy in ruralsateacover early-stage research
and development costs for projects in all areasl, @nhelp fund construction of
renewgble projects on islands; 2) low interest $oare provided for renewable energy
project.

In 2006, the National Development and Reform Comimis(NDRC) announced the
feed-in tariffs policy for different renewables beologies. As shown in Table 2.5
below, the tariffs vary with different technologi€r per unit of electricity generated
by biomass technology, a fixed premium of 0.25 Y,uamound 2.33 €cent/kWh, is
provided. Since 2002 when the Wind Power Concessitmogramme was
implemented, a government tendering system has eteoduced to contract
generation capacity from large-scale on-shore paidgprojects (100-200MW), and a
power purchase agreement at winning bidders’ prces guaranteed by state-owned

" This also includes large hydro power.
8 Interest rate subsidy is provided to the banksphavide low-interest loans.
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utilities for 25 years. In 2006, it was modifiedthat the winning bidder’s price is the
feed-in tariff for the first 10-15 years, and aftlat, the purchase price will be the
average local feed-in price on the market. For rotkeewables-based technologies,
tariffs will be determined case by case.

Table 2.5: Feed-in tariffs for different RETs annourted in 2006

Renewable energy technology (RET) Feed-in Tariffs (Yuan/kwh)

Biomass 0.25 Yuan + coal fired power price

Following the Wind Concession Programme, the lowest
bidder’s price as the fixed power purchase pricettie first
30,000 full load hours. The duration of the purehdspends
Wind power on individual plant’'s load factor, ranging betwe&f-15
years.After 30,000 full load hours, the project generatdlt
receive the average local feed-in-tariff on the powmarket

at that time.

Solar and other RETs Project-based approval price
Source: Renewable global status report (2007)

As shown in Table 2.6, the technologies of smallrbypower, biogas, wind power,
and municipal wastes have favourable VAT rate at, @2%, 8.5%, and 0%
respectively (the standard rate is 17%). Biogasluding biogas production and
related equipment production costs and purchasssthie favourable VAT rate. Since
2001, the VAT for municipal waste-generated elettyrihad been refunded in total,
and in 2004, the regulation further clarified thiais VAT refund is only applicable
for municipal waste electricity with more than 8@&els stemming from municipal
waste, which gives a strong incentive for municipailver generation. These VAT
exemptions are considered significant reductiomaomwer generation costs of these
technologies and help to level the playing fieldtlsat renewable energy are better
able to compete at the cost basis (Sawin, 2004e Tand power for example, the
reduction is about 0.05-0.07 Yuan/kWh, around @45 €cent/kWh, according to
the difference in cost in the various wind farmg &hi, and Ma)Moreover, further
income tax reduction by 15% are applicable for thiegas and wind power
technologies, and this should encourage power g@er to invest further on
technology improvement, which, in turn, will lowgeneration cost.

Table 2.6: Favourable tax rates for renewable techrogies (issued in 2001)

Technologies VAT | VAAT (Value-Added Annex Tax) | Income Tax
General 17% 8% of VAT 33%
Small hydro power | 6% 8% of VAT 33%

10
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Biogas 13% 8% of VAT 15%
Municipal waste 0 0 33%
Wind 8.5% 8% of VAT 15%

Source: Li, Shi, and Ma

2.3. India

Conventional fuel cycles, especially coal-fired powhave been the main power
supply in India. As on April 30, 2008, official $itgtics show that 64.6% (92,156.84)
of the total installed capacity is from thermal mow24.7% (35,908.76 MW) from
large hydroelectric power, 7.7% (11,125.41 MW) frother renewable sources, and
2.9% (4,120 MW) from others. As on December 31,7200tal renewable-based
electricity generation capacity in India is 114®8W, including 11272.13 MW
(98.2%) of grid connected and 205.23 MW from capftiistributed generatdfs Of
the grid-connected capacity, as shown in Tableriz@rly 70% of the total capacity is
accounted by wind energy, 18.15% by small-hydro ¢1ow6.39% by cogeneration-
bagasse, and 5.37% by biomass power. Comparingnsit@led capacity with the
estimated potential shown in the same table ref@rthe fact that India still has
considerable renewable resources unexploited.

Table 2.7: Estimated potential and cumulative achieement of electricity capacity of renewables
in India (as on December 31, 2007)

RET Estimated potential Cumulative % of total installed
(MW) Achievement (MW) capacity
Wind power 45,195 (53.31) 7,844.52 69.59
Biomass 16,881 (19.91) 605.80 5.37
Small Hydro power 15,000 (17.69) 2,045.61 18.15
(Up to 25MW)
Bagasee cogeneration 5,000 (5.9) 719.83 6.39
Waste 2,700 (3.18) 55.25 0.49
Solar power 2.12 0.02
Total 84,776 11,272.13 100

Source: Ministry of Non-conventional energy Soursenual report 2007-08

The Indian renewable energy programme was launphetrily as a response to the
perceived rural energy crisis in the 1970s. Cashsidies were provided for

promoting renewable energy technologies. In thé/ &€4s, the focus of programmes
shifted from purely subsidy-driven disseminatiortdohnology promotion, through a
commercial route. Aiming to promote investment enewable technologies, this
technology push approach embodied fiscal and fiahimcentives such as subsidised

° The published year of this reference is not avhlab
1% This figure comprises 95 MW from biomass cogenerat6.53 MW from biomass gasifier, and
23.70 from waste.

11
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interest rates (low interest loans), capital subsidlong repayment schedule, tax
concessions, low import tariffs, duty waivers amdederated depreciation. (Ghosh,
Shukla, Garg, Benkata, and Ramana, 2002)

The India Alternate Energy Project was launched1891, aiming to achieve
commercialisation of wind power and solar PV tedbges. Feed-in tariffs and
purchase guarantee were applied at the state |&ued. effectiveness in the
dissemination of wind power technology turned aubé more significant than that
for solar PV technology, due to massive investnoest of solar PV technology In

the 10" Five-Year Plan starting from April 2002, solarlaology was targeted as the
main means to electrify 5000 villagésEven though low cost financing was provided,
the massive investment cost of solar technology landpossibility of return made
this project unattractive for private se¢tafThakur, Deshmukh, Kaushik, Kulshrestha,
2005).

In 2003, the Electricity Acf took effect, which has been serving as a regulator
framework for Indian power sector reform as welf@sefficient and environmentally
benign policies. In accordance with the Electrighygt 2003, the Indian government
released the National Electricity Policy in Febgu@005 in which the need for the
promotion of non-conventional energy sources waphasised. Specifically, the
Policy notes the need to reduce the capital coptaécts based on renewable energy
and stresses the importance of promoting competdimongst renewables projects.
Based on this broad policy mandate, State ElettriBiegulatory Commissions
(SERCs) ought to increase the share of electricdyn non-conventional resources
and guarantee a purchase of such electricity &epras a result of competitive
bidding procedures. In practice, it is completait to the individual SERC to enact
detailed policy measures to promote developmenepnéwable technologies. More
recently, the Integrated Energy Policy, releasedAugust 2006, further requires
power regulators to mandate feed-in laws for refdsvanergy, where appropriate, as
provided under the Electricity Act 2003, as welltasprovide alternative incentive
structure for utilities to integrate renewable®ittteir systems.

Currently, a combination of policy instruments -neeable Portfolio Standard and
feed-in tariffs, at the state level, is the mainrked mechanism. The RPS ratios and
feed-in tariffs are state-specific (S€able 2.8for the details). Renewable electricity
as a proportion of total procurement power by tis¢ribution licensees is determined
by respective SERC. These ratios range from 0.5%08b (Singh, 2007) and are
guided by the potential for renewable energy resesjr existing utilisation and

expected investment in each state. The tariffs hichv distribution companies

M This was due to the initial incentives based ortabpubsidies and tax benefits due to 100%
depreciation. However, because these incentivesdaticelate to generation, it ended up with the
situation that many unviable wind machines weréaites] in a hurry to avail tax benefits without
considering wind sitting issues. (Banerjee, 2006)

121t was planned that 18000 villages would be cayénethe year 2012.

3 Through Electricity Act 1991, Indian power sectorsvepen for Independent Power Producers
(IPPs).

1 The Act has deepened the power sector reform iia buad enabled competition in this sector.
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guarantee to purchase also vary amongst areaselagasmechnologies. These buy-
back prices under the RPS are measured mainlgastabased nature and determined
by investment cost and rate of rettfr(Bingh, 2007). More recently, in January 2008,
with a view to harness the vast solar energy pmtenm the country for power
generation, a new initiative on developing gricenactive solar power generation has
been announced. A maximum capacity of 10 MW fromahelndian state will be
eligible under the scheme and 5 MW per developdixéd premium of 12 Rs/kWh,
around 20.68 €cents/kWh, for solar photovoltaic eowand 10 Rs./kWh, around
17.23 €cens/kWh, for solar thermal power are predidor electricity fed to grid.
Developers will sell electricity to state-run utés and the premium will be paid to
them on top of the tariff the utilities offer. Theibsidy is valid for a period of 10
years (MNRE, 2007/08).

In addition, fiscal and financial incentives arscahvailable in each state to encourage
investment in technology development.

15 Despite being notified in the National Electricplicy, the measure of price bidding exercises has
not been adopted to contract renewables-basedtsoje

13



=
=1ml CASES-COSTSASSESSMENT FOFRBUSTAINABLE ENERGY MARKETS {”‘?
(= PROJECTNO 518294SES6 =7
CASES

Table 2.8: RPS and feed-in tariff in large statesfdndia as of 31/07/2007

State RPS (%) Feed-in Tariffs (Rupee/kWh)
wind Small hydro Biomass Bagasee cogeneration
Andhra 5 (2005/06, 2007/08) | 3.37 with 5% annual 2.63 (2005-06) with 1% 2.63 (2005-06) with 1%
Pradesh 0.5 from wind energy | increment (base price as on annual increment for 5yrs  annual increment for 5 yrs
01/04/2004)
Chattishgarh Available 2.67 (2004-05) 2.67 (2064-
Guijarat 1 (2006/07) 3.37 for new wind mills for 3 3
1 (2007/08) up to 20 years
2 (2008/09)
Haryana 3 (2007/08) 4.08 with 1.5% annual 4 3.74 with 2% annual
increment (base year 2007- increment (base year 2007-
08) 08)
Karnataka Min 5 3.4 fixed for 10 yrs 2.8 for 10 yrs 2.88 (2004-05y)ith 1% 2.8 with an annual increment
Max 10 annual increment on base yeay 2%
for 10 yrs
Kerala Available 3.14 fixed for 20 yrs Incentivasly up to 2005-06 Incentives only up to 2005-06
Madhya 0.5 T'year: 3.97 3.33 — 5.14 for 20 yrs, with3.33 — 5.14 for 20 yrs, with
Pradesh 2" year: 3.80 increment of 3 - 8 praise. increment of 3 - 8 praise.
3%year: 3.63
4" year: 3.46
5" — 20"yr: 3.3
Maharashtra 3 (2006/07) New project: 3.5 in the first 3.04 — 3.43 with 1% annual 3.05 (commission year)
4 (2007/08) year, with an annual increment for 13 yrs
5 (2008/09) increment by Rs. 0.15, for 13
years

14



Rajasthan

Uttar
Pradesh

3 (2007/08)
3.5 (2008/09)
4 (2009/10)
4.5 (2010/11)
5 (2011/12)

Wwind: 2 (2006/07), with
an annual increment b
0.3, till max 4.

Biomass: 0.37 (2006/07)

annual increment by 0.3
till max 2.

Solar: up to 50MW
Others: 25 MW

CASES-COSTSASSESSMENT FOFSUSTAINABLE ENERGY MARKETS

PrROJECTNO 518294SES6
N A
3.66 with 5% annual 3.59 (2007-08) with five 3.59 (2007-08) with five
increment till 2012 annual increment of 3% till annual increment of 3% till
2012. 2012.
Projects commissioned afteProjects commissioned inProjects commissioned inProjects commissioned in

y3/02/06: 3.31 for the first 10 2004/05: 3.32 with annual2004/05: 3.32 with annual2004/05: 3.32 with annual
yrs; 3.79 from 11 to 20 yrs. increment by 2%, up to yearincrement by 2%, up to yearincrement by 2%, up to year
Updated tariffs: 3.59/3.67,2013/14. 2013/14. 2013/14.

and 0.83 (2007/08), with depending on areas (base

.year 2008-09) 3.60-3.96 (2007/08) 3.60-3.96 (2007/08)

2.73 (2000-01) with 59%.73 (2000-01) with 5%
annual increment for 9 yrs  annual increment for 9 yrs

3.39 — 1.90 for the™lto 20" 2.86 for existing and 2.98 for2.86 for existing and 2.98 for
year of operation. new with 4 praise incrementnew with 4 praise increment
per year. per year.

Source: Singh (2007); Ministry of New and Renewdbihergy, Annual report 2007-08

15



"l CASES-COSTSASSESSMENT FOFSUSTAINABLE ENERGY MARKETS
= ProJECTNO 518294SES6

1|l|"i |
"'1|||“|||

2.4, Turkey

Currently, electricity is mainly generated from rtmal power plant, geothermal
energy and hydro power plants. As shown in Tab® @lectricity generated from
conventional thermal sources comprises the larghate of Turkey's electricity
supply, contributing 75 % in 2005. Hydroelectricggneration takes up almost all of
the remainder, 24.43%. Turkey has abundant hydrangsources and currently
identified gross potential and energy productiopacity are nearly 50GW and 112
TWh/year (Bilgen et al, 2008), and the governmegds to expand the hydroelectric
power plant capacity to 35GW by year 2020 (KayaQ&O0 Currently, Turkey is
heavily dependent on imported energy sources, schmatural gas and oil, and
hydropower capacity will be fully exploited. Theveé, to increase the dependency on
domestic energy source and to expand the use @ gdnewable resources to
diversity energy sources become main driving forées the development of
renewable energy.

Table 2.9: Electricity generation by fuel sourcesn 2005
Generation (GWh) % of total generation

Coal 43192 26.67
Qil 5483 3.39
Gas 73445 45.35
Biomass 34 0.02
Waste 88 0.05
Hydro 39561 24.43
Geothermal 94 0.06
Wind 59 0.04
Total 161956 100.00

Source: |IEA statistics

Turkey has favourable natural conditions to devebopmass, geothermal power,
wind power, and solar power generation technolog&gsmass used to be an
important source of energy consumption in Turkegimy for heating and cooking.
However, since 1980s, its contribution to totalrggeconsumption has dropped from
20% to 8% in 1995. Despite this, Turkey still heeh ragricultural potential. The total
agricultural residues amount calculated in dry besebeen measured approximately
between 40 and 53 million tons, and this is considehaving a high potential to
replace lignite (40 million tons) and hard coal3(Iillion tons) used in electricity
production. Also, Turkey has significant potential geothermal energy. In 2005,
geothermal ranked the second main renewable resoafter hydropower in
electricity generation (see Table 2.9), and ittaited capacity is 20.4 MW as of 2006
(Bilgen et al, 2008). Provided with Turkey’'s natu@ndition (owning coast),
Turkey's technical wind energy potential is aro88¢000 MW. By 2006, the installed
capacity of wind power was 50 MW (Ben Jannet Adlatl Vigotti, 2007) and 40 new
wind farm projects (totalling approximately 1400 MV&lready obtained licences.
(Guner Law Office, 2008). In spite of that Turkemshhigh solar potential, the
development of solar technology, particularly eletly generation, is still in an early
stage.
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Market deployment policies for renewables started 1984 with third-party
financing and excise and sales tax exemptions. @812 the Electricity Market
Licensing Regulation of the Electricity Market Lawok effect and contained two
regulations to promote the use of renewable enétigstly, the legal entities applying
for licences for construction of renewable energgilities are required to pay only
1% of the total licence fee. Secondly, renewabksetd generation facilities are
exempted from paying the annual licence fees ferfifst eight years following the
facility completion date as specified in the licenMeanwhile, priority of connection
to the transmission and/or distribution systemgyiien to the renewables based
generating facilities. The real beginning for aioal renewable policy took place in
the decree of Modification of the License Regulaiio the Electricity Market in 2003
but the Regulation was not considered sufficienbdercome high investment cost,
risk and lack of security associated with the enteaof renewable power generators
into the electricity market. (Bilgen et al, 2008)

The Law on Utilisation of Renewable Energy Resosiréer the Purposes of
Generating Electricity Energy took effect on May, P®05. Providing the primary
regulatory platform, the Law focuses on expanding tse of renewable energy
sources for generating electrical energy by esthing the necessary legal and
regulatory framework. Meanwhile, the Law also eesuhat the increase in the use of
renewable energy sources shall not disturb fre&ehaonditions.

In accordance with the Law, several policies relai® fostering renewables-based
electricity generation are specified. To begin witertificates are issued by the
authority as a mean of regulating and monitoringva®e legal entities that generate
electricity from renewable resources are grantedrficate that specifies the type of
resource utilized to generate electrical energywels as the incentives with which
each entity is entitled. A mandatory purchase sehenprovided to these generators
under which the electricity generated from renewsblill be purchased by legal
retail sale licensees, on the basis of bilaterede@gent. Each retail licensee is obliged
to purchase the certified electriciffrom renewables at the ratio of its total energy
sales within the previous calendar year to toedteical energy amount offered by all
legal retail licensees. In case that the totalfetelectricity amount is sufficient, the
ratio for each retail entity shall not be lowern26 of its sales in the previous year.
The guarantee to buy the electricity energy gemdrdtom renewable energy
resources was for 7 years but in 2006 it was ex@nad 10 years. The feed-in price of
a specific year shall be the Turkish average wiladdeslectricity price in the previous
year as determined by EMRA (Energy Market Regujafarthority), but it should lie
within the range of Turkish Lira equivalent to 55& €cents/kWHY. For example, the
buy-back price for renewables based electricity Wak3 YKr/kWh, around 5.2

'8 The build-own-transfer (BOT) and the build-own-oper@B0O0) schemes were put in place in 1984
and financed major power projects (not limiteddnawables) with the main objective of attracting
private investors. The BOT and BOO financing scheemeied in 2000 and were replaced in 2001 by
financial incentives within the framework of the &ilecity Market Law. (Bilgen et al, 2008)

Y The relevant information on the amount of certifidectrical energy from RE will be issued by
EMRA (Energy Market Regulatory Authority).

18 However, legal entities that hold licenses baseteaewable energy resources and which have the
opportunity to sell above the limit of 5.5 eurodk¥ith in the market shall benefit from this
opportunity.
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€cent/kWh in 2007. Moreover, the Council of Minrstés entitled to raise this price
up to 20 %, i.e. approximately 1 €cent/kWh, atlileginning of each year. This feed-
in incentive is applicable for plants put into cgitésn by December 312011, which
may be extended for two years.

Financial incentives are offered to energy projediising their investment period.
Firstly, low-interest loans can be taken up to 480the capital cost. Secondly, tax
credit is offered for up to 20% of R&D expenses floree years. Thirdly, the sale
price, rent, rights of access and usage permissibetate owned land are subject to
an 85% reduction, provided that the property isdulse the purpose of generating
electrical energy from RER (Gunner Law Office, 2D08inally, national funds are
available to promote R&D.

2.5. Summary

The review above suggests that legal and polifreaheworks exist to promote RETs
in all four countries. Most of policy instrumentsnsist of a mixture of command-

and-control and economic instruments. A feed-incipg system is commonly

employed in all four countries. Table 2.10 providesummary of feed-in prices by
countries and technologies. Mandate of renewabttdqtio standard is employed in

China, India, and Turkey. In China, the policy instents vary by technologies, such
as a tendering system for wind power and a fixedlfi@ premium for biomass. In

compliance with RPS and feed-in tariffs as broathmands by law, each state in
India defines the ratio of RPS and the prices teelmployed to different types of

technologies. Brazil employs respective feed-iremtive for different RETs, but on

the contrary, Turkey only specifies one universaidFin price. Financial incentives in
various forms, such as favourable tax rates, dugmgtion, and subsidies to
encourage investment and R&D are available in CHindia, and Turkey.

Table 2.10: Summary of feed-in tariffs in the fourdeveloping countries (€cent/kWh)

Brazil
China India Turke
(March 2004) y
Wind power 6.93-7.86 34 5-7.03 5-5.5
P ' ' (Varies with bidding results) ' '
Small hydro 4.5 No fixed price 4.83-5.84 -
. 4.37
Biomass 3.61-6.5 , , 4.53-8.86 -
(fixed premium of 2.33)
25.42
Solar PV -- No fixed price ' .
(fixed premium of 20.68)
21.97
Solar thermal -- No fixed price

(fixed premium of 17.23)

Note: 1€=10.75 Yuan; 1€=58.03 Indian Rupees; 1€£U8$
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3. Assessment of policy instruments

To achieve success in fostering renewable energlectricity production requires
input of efforts from a combination of policy instments. The assessment to be
carried out will mainly focus on the market regatgtmechanisms, i.e. feed-in prices,
tendering system, that are currently active in thar countries. The policies
instruments will be analysed regarding a list ad-gefined performance criteria. The
criteria and their definitions are listed in Taldel. Later, a multi-criteria decision
analysis can be carried out based on the assesentenmes.

Table 3.1: Criteria of assessment

Criterion Definition
Effectiveness of The extent to which the policy instrument achievies stated objective of
externality internalising externalities with a high degree dfeetiveness and certainty
internalisation within a specified period of time.

The extent to which the policy instrument achieves gtated objective at the
lowest possible cost for economic actors (busireess®useholds, and
government), within the specified period of timedanith a high degree of

Cost-efficiency certainty. The relevant cost components are thelmdht costs and the
compliance costs (resources needed to comply véhrtonitoring and general
administrative requirements) incurred by econongierss and regulatory costs
incurred by the regulator.

This refers to the extent to which the policy instant will retain its
effectiveness under a range of changing envirormheneconomic,
technological and social conditions. That is, wlilé tinstrument automatically
adjust or if not, how easily is the policy instrumhe once implemented,
modified, either by government or by regulated extdo accommodate
changes.

This refers to the extent to which the policy instant provides power
generators with a dependable incentive (‘carrot’ ‘stick’), with known

Predictability duration. An instrument with a high degree of peealdility should reduce
‘market risk’, so that generators feel confidentowgh to modify their
investment plans and to innovate and reduce costs.

This refers to the extent to which a policy instrmin@rovides continuing
incentives for innovation and diffusion that widldd to improved performance

Dypgmlc — in environmental quality or cost — through theelepment and adoption of
Efficiency : : . )
new environmental cleaner and economically mordciefft practices or
technologies.
This refers to the extent to which the policy instant does not vyield
Equity disproportionate burdens or benefits - financiatovironmental — to particular
groups, or unduly limit the options of future geatésn. This criterion includes
fairness to actors and environmental justice.
Ease of This refers to the extent to which the policy instant is relatively easy to
introduction implement, and does not require significant changbyg either government or

generators — to existing legal, managerial, andntelogical (e.g. IT) systems.
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If new legislation is necessary, how feasible 3 Are the information
requirements for setting the policy instrument nugadble?

This refers to the extent to which reliable compimnmonitoring the
Ease of monitoring enforcement can be implemented at an acceptable Bbésnitoring and
and enforcement enforcement costs will depend on the informatioreduirements and the
institutional and human resources requirements.

This indicates the extent to which the policy instemt will lead to a
Diversification diversified electricity generation system, by ereging investment in a range
of technologies, at different scales and at geddgcafly dispersed sites.

This indicates the extent to which the policy instamt is understood by the
public, acceptable to generators, and sellableoistbn-makers in government.
If an instrument has been used with any succetisipast, political resistance
may be low. The acceptability of an instrument \&al8o depend on whether it
avoids negative and creates positive impacts ierotimportant policy areas
(e.g. employment).

Acceptability

3.1. Brazil

For the projects contracted under the first phddbe PROINFA, the feed-in tariffs
are expected to remain unchanged in real termsvdhddjust in relation to inflation
for 20 years. Together with this, a 20-year of pase guarantee provides generators
with high degree of predictability which reducesgegved market risk and creates a
stable environment for further development in tedbgy improvement and
innovations. Nevertheless, a fixed tariff for adoperiod causes a concern in that a
continuous favourable incentive is likely to turat@conomically inefficient in the
long term. This is because: 1) it may not push genes to invest in technology
improvement, increases in productivity, and reductf costs (Teixeira and da Graca
Carvalho, 2007); 2) this, in turn, will slow dowhet progress of RETs becoming
economically competitive; 3) end users will not éftnas they eventually will be
paying for extra cost as a result of non-competipower generators. Therefore, it is
reckoned that a feed-in tariff that remains favblgaover a long period is not a
dynamically efficient policy instrument to fosterernrewables-based electricity
generation.

One determinant of the success of a pricing lawhisther a designated tariff is high
enough to remove the barrier of high investment and of entrance to a competitive
electricity market. The feed-in tariffs of biomassnall hydro, and wind power,
respectively, are determined by regulatory auttewiat the levels which reflect the
economic feasibility of the three RETs. The PROIN&#&ed to contract 1100 MW
from biomass, small-hydro power, and wind powespesetively, summing up to 3300
MW. However, by the end of 2086 as can be seen in Table 3.2, the contracted
capacity from small-scale hydro power and wind gnexxceeded the programme’s
expectation, whereas the contracted capacity framdiss was significantly lower
than planned.

¥ This was the first deadline of the PROINFA phase |.
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Table 3.2: Contracted electricity capacity by soure in the first phase of PROINFA
Renewable energy source As planned by the policy Realised final contraction

(MW) (MW)

Biomass 1100 685
Small-scale hydro 1100 1191
Wind 1100 1422
Total 3300 3298

Source: Dutra and Szklo (2008)

Such an outcome strongly implies that the pricingentives for wind power and

small hydro power had higher acceptability amomgsgéntial generators than that for
biomass power generation. Regarding this, Dutra $zido (2008) proposed three

explanations. Firstly, the tariffs applied to thierbass technology were considered
too low to guarantee the economic feasibility ofvneiomass projects. Secondly,

using biomass, sugarcanes in particular, to producduel has been a prosperous
business in Brazil, and this put a high opportundgt for the investment in sugarcane
bagasse fired-thermal power generation. Finallg ifiternal return rate of such

cogeneration investment was lower than that ofrethand sugar production, 15% p.a.
versus 18% p.a.

Moreover, the feed-in prices for bagasse generatianging from 3.61 to 3.91
€cents/kWh, were lower than the new bidding prafesew thermo power generation
projects held in 2005 - around 4.9 eurocent/kWhtliermal power (do Valle Costa et
al, 2008). This strongly indicates the fact tha¢ fhrice for the bagasse generation
technology was too low to recognise the environ@dehenefit of this technology
against conventional thermal power technology. @e bther hand, the high
acceptability in the cases of wind power and sidlro power can be explained by
the recent experience that feed-in tariffs wereedngplemented to promote these two
technologies in two previous programmes, PROEOL#DA PCH-COM.

In Brazil, hydroelectricity contributes 80% of ttetal domestic electricity production
and most of it is supplied by large hydro powempdaln order to gauge private cost
of current hydro power generation, this report asldhe average price of bidding
results to sell electricity generated by existingdiopower plant®’. A weighted
average private cost for existing hydro power paist calculated at around 2.02
€cents/kWh, as shown in Table 3.3.

Table 3.3: Bidding results of electricity generatecby existing hydropower plants in Brazil in
2004/2005

Period Average capacity  Production Price Price
(MW) (TWhlyear) US$/MWh €cents/kWh
2005-2012 9054 79.3 25.88 1.76
First bidding 2006-2013 6782 59.4 30.3 2.06
2007-2014 1172 10.3 33.96 2.31
Second bidding 2008-2015 1325 11.6 37.41 2.55
Third bidding  2006-2008 102 0.9 28.33 1.93
Fourth bidding 2009-2016 1166 10.2 42.71 291

2 This is under the assumption that during auctibeoffers converged to marginal costs.
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Average pricé 2969 502

Source: Dutra and Szklo (2008)

It is important to know that large hydropower patgeproduce a very small amount of
greenhouse gas emissions or air pollutants in grerational phase, and the main
concern relates to damages on human health iruieycle. The identified potential
impact of the large hydro-electric life cycle onnman health comprises: 1) a
significant increase in the population during trenstruction of the power plant,
which results in the need to expand basic sanitaitd public health services of the
region; 2) an increase in water-borne diseasesir#dedtious diseases and parasite
vectors due to the change in hydric system andsynergy with the increase in the
population, during the operation stage (Brazil ¢doumeport, CASES). Recently in
Brazil, under the requirement of environmental ileiiy, mitigating measures for the
second type of impact need to be defined and pnomes need to be established a
certain period before construction takes placeethice the incidence rate of these
diseases. Hence, the externalities related togbensl type of impact have gradually
become a part of private cost. Nevertheless, soteerglities do remain.

The Brazil country report of CASES provides estioratof externalities of large
hydro power plant which was carried out on the Riadeira hydroelectric compl&x
located in the state of Ronddnia in the Amazon &ggis a case study. The estimated
external cost of the first type of impact is US&IMWh, equivalent to 0.07
€cents/kWh and the estimated externalities avoated of the second type of impact
is US$ 0.87/MWh, equivalent to 0.059 €cents/Khe total external cost is 0.129
€cents/kWh. Adding this external cost to the pevabst mentioned above yields a
total social cost of hydropower generation at 2. 4dénts/kWh.

The estimated external cost per unit of electrigitpduction from a gas-fired fuel
cycle is 1.2 €cent/kWh. Taking the bidding resoftsiew thermoelectric plants which
start operate in 2008 as the proxy for currentgtevcost of power generation from
thermal power, the private cost is 59.52 US$/MWhouad 4.05 €cent/kWh.
Summing private cost and external cost yields ¢ked social cost of 5.25 €cent/kWh.

To gauge the generation cost of different fuel egch the long term, this report refers
to the estimates in the literatukénder a long-term scenario forecast study carrigd o
by IAEA (International Atomic Energy Agency), fomests of levelised cost of
different fuel cycles are provided and exhibitedTiable 3.4 below. For the listed
RETSs, the life time is assumed to be 20 years avidiiscount rate of 15%. The figures
are of year 2001. As suggested above, privateafas¢w large hydro projects shall
gradually cover the cost resulting from measureavoiding externalities, and this in
turn will lower external cost related to hydro poviigel cycle. In accordance with this,
considering 0.07 €cents/kWh the proxy for estimaitdong-term external cost for

2L The average price is the production-weighted awecdghe bidding prices.

22 This complex comprises two power plants, with toedacity of 6450 MW. These power plants are
scheduled to commence operation in 2012 and 2013.

2 Another estimation of the second type of impacs warried out on another hydro-electric power
plant in operation — Tucurui Plant. It was not laged by environmental legislation by the time &swv
constructed. The estimated external cost of thersketype of impact was US$ 0.64/MWh, equivalent
to 0.044 €cents/kWh.
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large hydro power generation and 1.2 €cents/tr thermal power generation,
estimates of total social cost of these two tygefsi@ cycles are shown in the right-
most column of Table 3.4. Similarly for the windwr, biomass, and small-scale
hydro generation, the estimates of levelised aoich are available for years 2010,
2015, and 2020, are taken as private cost; assuimi@xternalities of RETs are zero,
estimates of total social cost are derived and shimwthe rightmost column of the
table.

Table 3.4: Forecast of private cost by fuel cycle pes for years from 2010 to 2020

Type of fuel cycle Private cost Private cost® External cost Social cost
(US$/MWh)  (€cents/kWh) (€cents/kWh) (€cents/kWh)

Large hydro 36.65 2.49 0.07 2.56
Thermoelectric 42.68 2.90 1.2 4.1
89.7 (2010)  6.10 (2010) 6.10
Wind?® 85.5 (2015)  5.82 (2015) 0 5.82
77.11 (2020) 5.25 (2020) 5.25
45.49 (2010) 3.10 (2010) 3.10
Biomas$’ 45.49 (2015) 3.10 (2015) 0 3.10
45.49 (2020) 3.10 (2020) 3.10
54.40 (2010) 3.70 (2010) 3.70
Small hydrg® 54.40 (2015) 3.70 (2015) 0 3.70
54.40 (2020) 3.70 (2020) 3.70

1€=1.47 US$; source of private cost estimates:datid Szklo (2008)

In this report, the effectiveness of a policy instent to be examined refers to the
extent to which externalities are able to be iratised® for per unit of electricity
production. The effectiveness of feed-in tariffaisalysed for the case of renewable
energy technologies against large hydro power geioeras well as gas-fired thermal
power during only the period from 2007 to 2015, dodimitation on information
availability. In Table 3.5, the second row exhililie estimates of total social cost of
large hydro power generation, and the estimatiothotehas been addressed above.
Tariffs of RETs are feed-in prices guaranteed lgyRROINFA programme and in the
level unadjusted by the IGP-M index. The indicatdr measured internalisation

%4 This is the external cost estimate based on aigabftiel cycle.

% Estimates of private cost here is the levelisedsgosr kWh of electricity generation, in which the
annualised capital costs plus fuel and maintenaosts over the year are divided by annual kWh
output.

2 Construction period of a wind project is assunteld 1 year and the capacity factor is 25%.

2" The construction period of a biomass project isye&rs and the capacity factor is 65%. Biomass
fuel cost is assumed to be null.

28 Construction period of a small hydro project igers and the capacity factor is 65%.

29 The concept of internalising externalities is ddfiias that energy price signals are provided toevalu
any damages or, conversely, to recognise spedafiefits. Such signals can be explicit, in the fafm
new taxes, user fees, or surcharges, or implinitthe form such as caps on use. (Pershing and
Mackenzie, 2004)
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indicates the degree of internalisation, which ikoven as the ratio of

(Ta”ffRET , WhereTariff ., denotes feed-in prices of respective RET

SocialCost, )

and SocialCost,,, denotes the social cost resulting from large hyswer generation.

Results show that the feed-in tariffs for all thiRETs promoted by the PROINFA

outweigh social cost of large hydro power and guggests that the feed-in prices
more than fully recognise the environmental ben&fiRETS, for a unit of generated
electricity from large hydro power, during year ZQthd 2015.

Table 3.5: Level of externality internalisation forthe case of large hydro power generation

2007 2010 2015
Large hydro Social cost (€cents/kWh) 2.149 2.56 2.56
Wind Tariffs (€Ecents/kWh) 6.93-7.86 6.93-7.86 6.9386
i
Indicator for internalisation (%) 322 - 366 27307 271 - 307
Tariffs (€Ecents/kWh) 4.5 4.5 4.5
Small hydro ) ] o
Indicator for internalisation (%) 209 176 176
) Tariffs (€Ecents/kWh) 3.61-3.97 3.61-3.97 3.61-3.97
Biomass (bagasee) ] ) o
Indicator for internalisation (%) 168 - 185 141551 141 - 155

For the case of gas-fired thermal power generatlwncurrent indicator of measured
internalisation indicates the degree of internéligga which is shown as the ratio of

Tariff , L .
( " Social COStGaJ , WhereTariff .o, denotes feed-in prices of respective RET

and SocialCost,, denotes the estimated social cost per unit oftrédég production

from gas-fired thermal fuel cycle. Results exhithite Table 3.6 show that the feed-in
tariffs can fully internalise externalities per uaf electricity production from a gas-
fired fuel cycle from year 2007 to 2015. The feadprice for small hydro can fully

internalise the externalities from year 2010 onwairBly contrast, externalities can
only be partially internalised in the case of biesigechnology.

Table 3.6: Level of externality internalisation forthe case of gas-fired thermal power generation

2007 2010 2015
Gas-fired thermal  Social cost (€cents/kWh) 5.25 41 4.1
Wind Tariffs (€cents/kWh) 6.93-7.86 6.93-7.86 6.93-7.86
Indicator for internalisation (%) 132-150 169-192 691192
Tariffs (Ecents/kWh) 4.5 4.5 4.5
Small hydro . ) o
Indicator for Measured internalisation (%) 85.7 110 110
) Tariffs (Ecents/kWh) 3.61-3.97 3.61-3.97 3.61-3.97
Biomass (bagasee) ] o
Indicator for internalisation (%) 68.8-75.6  88-96.8 88-96.8
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Alternatively, degree of internalisation can be swad by the extent to which
additional cost of each respective RET - its tatabt minus generation cost -
outweighs external cost caused by large hydro p@eeeration per unit of electricity
production. The environmental benefit from respectiRET is calculated as
(Tarif;ET—P(;ET), where PC..; denotes the private cost of respective RET. The

degree of internalisation can be realised by comgahe environmental benefits of
each RETs with the external cost of large hydro growAs shown in Table 3.7,
environmental benefits of three RETs all excee@re costs of large hydro power
generation, and this confirms the effectivenessntdrnalising externalities of the
RETs. Having said so, compared with small hydro ggownd wind power, the
biomass technology comes as the least-cost option.

Table 3.7: External benefit in relation to large hylro power generation

2007 2010 2015
Large hydro External cost (€cents/kWh) 0.129 0.07 70.0
Wind Tariffs (Ecents/kWh) 6.93-7.86 6.93-7.86 6.93-7.86
i
Environmental benefits 0.83-1.76 0.83-1.76 1.142.0
Tariffs (Ecents/kwh) 45 4.5 4.5
Small hydro ) ]
Environmental benefits 0.8 0.8 0.8
) Tariffs (Ecents/kWh) 3.61-3.97 3.61-3.97 3.61-3.97
Biomass (bagasee) ) )
Environmental benefits 0.51-0.87 0.51-0.87 0.51-0.87

For the case of gas-fired thermal generation, asvshn Table 3.8, environmental

benefits of the wind power is capable of outweigh@xternalities of gas-fire thermal

power generation, and this depends on the capfatygr of a wind power plant. On

the contrary, environmental benefits of small hyanal biomass technology are lower
than the external cost of gas-fired thermal power.

Table 3.8: External benefit in relation to gas-firel thermal power

2007 2010 2015
Gas-fired thermal External cost (€cents/kWh) 1.2 1.2 1.2
Wind Tariffs (Ecents/kWh) 6.93-7.86 6.93-7.86 6.93-7.86
in
Environmental benefits 0.83-1.76 0.83-1.76 1.11-2.04
Tariffs (€Ecents/kWh) 4.5 4.5 4.5
Small hydro . )
Environmental benefits 0.8 0.8 0.8
. Tariffs (€cents/kWh) 3.61-3.97 3.61-3.97 3.61-3.97
Biomass (bagasee) . i
Environmental benefits 0.51-0.87 0.51-0.87 0.51-0.87

The analyses above suggest that the feed-in tapisified in the first phase of the
PROINFA are able to fully recognise the estimatet@malities resulting from large
hydro power per unit of electricity production. Bgontrast, the degree of
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internalisation for gas-fired thermal power by difint RETSs is in general lower than
that for hydro power, and this is because gas-firedimal power generation causes
higher externalities than hydro power generatiooviged with the bidding outcomes
in the first phase of PROINFA, wind power produntiis predicted to take up a
higher share of total electricity production of ttlwee RETS, with small hydro
following as the second. Such a combination of waides-based power production is
effective in internalising externalities, but nbetleast cost option. Moreover, the goal
of energy diversification is achieved.

As mentioned above, in the second phase of PROINk&Acapacity of renewables-
based technologies will be contracted through ddeng system and will be capped
by its impact on final electricity price. Howevéhjs may lead to several undesirable
outcomes. Firstly, the regulated price caps wilvitably limit the degree of the
effectiveness of internalisation of externalitiesulting from electricity generation
from conventional fossil fuels, unless new convaml power generation plants will
start to follow a full-cost pricing mechanism. Sedly, despite being cost-efficient,
this may not be able to encourage continuous dpuwetat of less competitive
technologies as only the most competitive technekwill be able to take a share of
this market. Thirdly, this may not achieve the &rgf energy diversification. Dutra
and Szklo (2008) carried out simulations of eledrigeneration scenarios up to 2020.
Three possible scenarios of electricity generafrom renewable resources in the
second phase were considered: 1) exclusive usespécfic renewable resource, i.e.
wind power only, biomass only, or small hydro povemly; 2) equal division of
generated electricity amongst the three sourcegg8al installed capacity division
amongst the sources. The simulation outcome sugmjekat the only scenario that
satisfied the original broad target of the PROINptase two was the one in which
biomass power generation option had exclusive @pation in the bid. However, the
barrier faced by biomass fired thermal power gearm@ran phase one might happen
again in the phase two (Dutra and Szklo, 2008)o Ads exclusive focus on biomass
technology would make the domestic electricity syppilnerable to crop yields
which characterise seasonal fluctuations, as weltause environmental concerns
regarding biomass plantatiSnHaving said so, the implementation date of tewse
phase is still not foreseeable. Moreover, the negulatory model is criticised for
being unable to attract private investment. (ddé/@losta et al, 2008)

The PROINFA establishes a minimuweguipment nationalisation index at 60% of the

equipment value in the first phase and 90% in #wid stage. This index is set in
order to encourage the development of related naatwing industry; however, it is

observed especially in wind power industry thas thidex cannot be met by the low
installed manufacturing capacity. In the case ofdyower, national manufacturing
capacity of wind turbine components are very*band this has given rise to the slow
progress of construction of contracted capacitiethe first phase of PROINFA (do

0 Firstly, the erosion is a problem related to thkiwation of annual crops. Secondly, the use of
pesticides can affect the quality of groundwatet suwrface water, which in turn has an impact on
animals and plants. Thirdly, biomass plantatiorpsus a narrower biological species than natural
forests would do. Finally, the collection, trandation, and use of biomass increase the use ofbeshi
and infrastructure, which causes emissions totheament. (Johansson et al, 2004)

31 By the end of 2006, there are only two manufactutteat produce wind turbine component, with
total capacity of producing 550 MW/year. (Dutra &uklo, 2008)
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Valle Costa et al, 2008). The fact that wind povechnology is largely made
available by international manufacturers is con&de to be considerably
disadvantageous to fostering the technology andcied related investment costs,
and in turn results in slowing down the progresstexdhnology dissemination.
(Cavaliero and Silva, 2005; Goldemberg et al, 2005)

It is predictable that the introduction of eledtsic generated from renewable
resources will increase the electricity price anlll mave an impact on the end users.
It thus becomes an important issue that whetherptioenotion policies will cast
negative impact on the degree of consumers’ affolitiato electricity, especially for
those low-income households or enterprises. Acogrdo the Law 10762/03, the
expenditures resulting from the feed-in-tariffs d@ransferred to the consumers in
proportion to their electricity consumption, witlhet exception of low-income
households that consume less than 80 kWh per rifaanid a second group under
special conditions to be defined by ANEEL - up B0Z&Wh per month. Therefore,
low income consumers are protected from the priceease.

Under the Law 10438/02, the Energy Development(®IDE) was created, aiming at
the energy development of the Brazilian Statesthedcompetitiveness of generated
energy from wind sources, small hydro, biomassunaatgas and national mineral

coal in areas attended by the national networkesysand the promotion of

generalisation of electric energy services in a#lag of the country. The resources
come from: 1) annual payments to the use of pwdlt being, 2) payments of fines

by ANEEL, and 3) payments of annual quotes fromagknts that sell electricity to

final consumers.

With a 25-year duration, the funds in CDE can baedusn payment for the difference
between the economic values (feed-in prices) fonewables-based power
production®® and the economic value of power production frommvemtional
competitive technologies (da Silva et al, 2005js Ktated that none of the fuel source
may receive yearly funds whose total value exc&84s6 of the annual collection of
the account (Cavaliero and Da Silva, 2005). It subait the possibility that funds
would be spent exclusively on one source and lithigsopportunities of other sources.

Electrifying the rural areas helps the developmeftlocal communities and
renewable energy provides the best solution fos tpal, as grid extension is
technically and economically unfeasible for thessaa (Goldemberg et al, 2005). The
development of renewable energy in these areaklshdlto sustainable development
of local communities, job opportunities, and retabedustries. Under the PROINFA
phase |, the indicator for an increase in off-dgradiseholds’ accessibility to electricity
is low. However, the PROINFA programme focuses @sigkly on promoting
renewables-based electricity transmitted via griddyereas generating off-grid
electricity by using renewable energy resourceasat® not benefit much from this
programme.

32 According to the IEA statistics in 2005, the elimity consumption is 2013 kWh/capita in Brazil.
Accordingly, the monthly average is 167.75 kWh qeapita.
¥ In addition to RETS, natural gas power generatiaise supported by this fund.
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3.2. China

In China, as can be seen in section 1.2, diffggehty instruments are employed with
respect to the development status of each RET blwnass technology, a feed-in
price is clearly specified, which is a fixed premiat 0.25 Yuan/kWh, approximately
equivalent to 2.33 €cents/kWh. However, the lengthperiod during which this
pricing law will be remaining active is not cleadgfined and this is considered both
an advantage and a disadvantage. From the pogtire of view, this provides
investors with a long-term guarantee of purchasind hence reduces uncertainty in
the long-term future, especially when most of bissngeneration projects are still
small-scale and would find it difficult to bear higransaction cost of case-by-case
price setting or a tendering system (Hu et al, 200®m the other hand, a subsidy
without a known duration may not motivate genematty invest in technology
innovations to reduce operational cost, and thia esnsequence, can slow down the
process of technology dissemination as well as ywmedfinancial burden on the
government and end usergherefore, the unknown duration weakens the
predictability and the continuous favourable feedHicentive scores low in the
criterion of dynamic efficiency.

Before the introduction of the Wind Concession Paogme, feed-in tariffs were
employed to promote wind power, and they rangethf@o46 to 1.2 Yuan/kWh, with
an average of 0.72 Yuan/kWh, equivalent to 6.727&zkWh (Lewis, 2004). Aiming
to further foster this technology at the lowestgiole cost, the Chinese government
introduced a bidding process together with a pwehguarantee under the
Programme. The price for wind power is determinedeun a tendering system and the
lowest bidding result will be the purchase prics. ®odified in 2006, the purchase
will be applicable for the first 30,000 hours oflfiead generation, which, depending
on the site's wind resource, could cover about3 gehrs (IEA).

The bidding results of the two pilot projects wereced at 4.06 €cents/kWh and 4.66
€cents/kWh. Majority of the concession rounds feiltg these two pilot projects, in
the Programme, were won by state-owned companiesa @rice around 3.4
€cents/kWh (Liu, 2006). It is noted that these gsicare lower than the current
levelised cost of wind power in China that liesvietn 4.29 and 5.44 €cents/kWh
(Liu, 2006). There is a possibility that the bidgliresults reflected the situation that
continuous improvement in technology will reduce kavelised cost in the future. On
the other hand, this refers to the situation ttetesowned companies tend to underbid
because of the prestige of winning a project, weetbese prices may be too low for
projects run by private and foreign companies (8&qu 2006). Underbidding is
likely to lead to inadequacy of overall project hityaas well as low level of realised
projects. The other problem relates to the govenmtman concession procedure as
this incurs large transaction costs (Sinton e2@(05).
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By contrast, feed-in prices for solar power andeotfenewable energy technologies
remain rather general and this leaves room foreprim be set by the authorities.
Somehow, price set on a case-by-case basis wilitaidy cause high transaction
costs and administrative cost, which may discounaggect developers. This thus
does not lead to cost efficiency.

Technology-specific promotion policies are moreehkto fulfil the goal of energy
source diversification, to develop different teclugies at different scales, because
there exist no crowd-out effects amongst diffetenhnologies.

The effectiveness of externality internalisationtloé policy instruments mentioned
above will be discussed below. It is shown in Jiab@l (2007) that, for a coal fuel
power plant, the estimated external cost of the gvogeneration stage is 2.54
€cents/kWR®. The generation cost of a typical coal-fired powkmnt is around 0.22
Yuan/kWh (Li, 2007), equivalent to 2 €cents/kWh. r@atly, the provision of
estimated private cost of different RETS is notilatde, however, it is suggested that
the private cost of small hydro power is approxighafl.2 times the cost of coal-fired
power, 1.5 times for biomass, 1.7 times for winevpng and 11-18 times for solar PV
(Fang and Zeng, 2007). Accordingly, the privatet aois different RETs can be
worked out as shown in Table 3.9 below.

Table 3.9: Elaborated current private cost of diffeent generation technology

Generation technology Yuan/kWh €cents/kWh
Coal-fired 0.22 2

Small hydro power 0.264 2.5
Biomass 0.33 3.1

Wind power 0.374 3.5
Solar PV 2.42 - 3.96 22.5-36.8

Note: 1€=10.75 Yuan

The total social cost of coal-fired power generat@an be estimated as shown in
Table 3.10. With the coal-fired power price assun@ebe at the average generation
cost, i.e. 0.22 Yuan/kWh, the current feed-in fdof biomass technology, according
to Table 2.5, works out as 0.47 Yuan/kWh, equiviaten4.37 €cents/kWh. Whilst
feed-in tariff for biomass will vary with the cofited power price, the recognised
environmental benefit of biomass generation, he. price premium, is fixed. This
benefit and the external cost resulting from ca&ef power generation will be put
into comparison, in order to gauge the degree tdreality internalisation. The fixed
premium, as shown in Table 2.5, is 0.25 Yuan/k\Wjuiwalent to 2.33 €cents/kWh,

and this internalise 96.3%, i.e. the ratio4§7454, of the estimated externalities.

Table 3.10: Externality internalisation of biomassagainst coal-fired power

34 This figure is estimated based on the emission cftagpower plant with a capacity of 100 MW and
annual plant load of 6000 hours in a fully utilisszhdition.
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Private cost External cost  Social cost Feed-in tariff Indicator of
(Ecents/kWh)  (€cents/kWh) (€cents/kWh)  (ecents/kwh) internalisation
(%)

Coal-fired 2 2.54 4.54 -- -
power
Biomass 3.1 0 3.1 4.37 96.3

For the case of wind power, tariffs are determibgdbiddings and the prices are
expected to decline with respect to reduction inegation cost over time. In this
report, current feed-in prices for wind power potgeadopt the average price from
winning bidders - 3.4 €cents/kWh - in the concessitmllowing the two pilot projects.
Currently, as demonstrated in Table 3.11, the |®fetxternality internalisation is

PriCeren ie 34 = 0 '
measured aE AocialCostcoa,j’ l.e. /454— 74.9%. In comparison, the

effectiveness of externality internalisation is &wn the case of wind power than in
the case of biomass, 74.9% versus 96.3%.

Table 3.11: Externality internalisation of wind power against coal-fired power

Private cost External cost  Social cost Feed-in tariffs  Indicator of
(Ecents/kWh) (€cents/kWh) (€cents/kWh)  (ecents/kwh) internalisation

(%)
Coal-fired 2 2.54 4.54 - -
power
Wind power 3.5 0 3.5 3.4 (2007) 74.9

For the case of solar and other renewable techiedp@nalysis is not able to be
carried out in this report. Moreover, estimatesasts — private and social — based on
the electricity scenarios in year 2010, 2020, ab@DZare not available, and this limits
the scope of analysis of this report.

The extra cost associated with developing reneweahkrgy will be shared by all
citizens, through a grid cost sharing system. Iteigorted that an extra ‘renewable
energy’ charge of 0.001 Yuan (0.009 €cents) fomewmit of electricity has been
added to household utility bills since June 200§ @007). As of year 2006, the
annual electricity consumption per capita of hootdhin China is 249.4 kWh, and
the average increase in charge amounts approximeited.2494 Yuan per capita,
around 2.32 €cents. As of year 2006, per capitai@ntisposable income of urban
households is 11,759.5 Yuan, and it is 3,587 Yuwanrdiral households. On a per
capita basis, the renewable energy charge is ar0l@i®% of the income for urban
households, and 0.007% for rural households, whigjgests that the impact of this
incremental change on rural households is more ttiv@e times in scale the effect on
people living in urban areas. Having said so, #adised impact on rural households
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may be limited because many of them live in offigareas. To appropriate address
this issue, further investigations are required.

Currently, the electricity purchase prices for &ietty generators are determined
through bilateral agreement between utilities amptiers™. However, the electricity
prices have been criticised for being unable téeceftotal costs. Firstly, transaction
and distribution costs of electricity from coalefit power may not accurately reflect
in the electricity price. As coal sources are pritgdocated in the north of China,
transaction costs of electricity to the demand reeimt eastern and south-eastern
coastal areas can be high. Secondly, electricitgeprfrom old coal-fired plants
exclude capital costs, and the Chinese electriodystry has been characterised by a
high proportion of old generation plants (Chernd &entish, 2007). These make the
electricity generated from RETs more costly thaat fihom coal-fired power. These
are reckoned as the barriers for the disseminafioenewable technologies.

3.3. India

The feed-in tariffs in the states which employ sacpricing system are determined
based on a cost-plus-return approach; hence, dukeifieincentives for different RETs
are higher than the upper-bound generation*togtorresponding RETs reported in
the second column of Table 3.12, provided thatgteixcost considers generation cost
as well as capital investment. In most of the statee purchase guarantee is set to be
valid till a certain time in the future or for artan period, e.g. 20 years. Besides, the
annual increases in tariffs are also clearly sptifThis provides high predictability
for investors.

Table 3.12: Generation cost and capital cost of varus RET

RET Generation cost (Rs./kWh) Capital cost (millRs./MW)
Small hydro 1.00-2.00 30-60

Wind energy 2.00-2.75 35-40
Biomass power 1.75-2.00 30-40
Bagasse cogeneration 1.75-2.00 25-30
Biomass gasification 1.25-1.50 25-30

Solar PV 10.00-12.00 250-300

Source: Varun and Singal (2007)

However, a concern relates to the cost-plus-raetatare of the feed-in tariffs as such
incentives measure will not prove to be cost-edfiti The basis for determination of
tariff by respective SERC includes: 1) a justifmbhvestment in an appropriate
technology, 2) a normative debt-to-equity ratio andeasonable rate of return on
equity, and 3) an inflation indexed variable cdstrate of return on equity is often
criticised for overinvestment and lack of incentiee improvement in efficiency in
operation (Singh, 2007). In many states, the buwklmices are either at a flat price
or in an ascending trend with a rate of 1.5-5% dume. By contrast, only a few
states employ a pricing mechanism which decreagestione, e.g. the incentives for

% Wholesale markets for conventional fossil fuelsehbeen just piloted in some provinces, whereas
electricity from renewable technologies has nonhiaeluded in the markets.

% The average levelised cost of respective technedosgfiould lie above the generation cost specified
in the table.
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wind power energy in the state Madhya Pradesh andrhall hydro power in Uttar
Pradesh. A non-descending pricing system gaingisrit for its lack of incentive for
improvement in efficiency of operations to reduaneration cost as well as that
eventually, consumers will tend to pay more thaytshould as a result of inefficient
feed-in incentives. Such a pricing mechanism sclesin the criterion of dynamic
efficiency.

To explore the effectiveness of externality intéisaion, estimation of total social
cost of a coal fuel cycle needs to be made. Acogrtlh the estimation of Working
Package 7, the valuated impacts of coal-fired payeseration on the general public,
namely the final external cost, is estimated to Re 3.15/kWh, around 5.43
€cent/kWh. Adding the private cost, i.e. Rs 2.500&Wh (4.31-5.17 €cent/kWh), to
the generation cost yields the social cost of tlaémower at around Rs 6.00/kWh
(10.33 €cent/kWh).

Under the feed-in pricing system of every state, éktent to which the externalities
of electricity generation from conventional foséilels is internalised or to be
internalised, is discussed below. Feed-in tariffdifferent states as of December 31,
2007 for grid-connected electricity from wind powary from 2.9 to 4.08 Rs./kWh,
which averagely lie above the generation cost @f-ced power production. The
feed-in prices for small hydro power range betw2éhand 3.39 Rs./kWh, between
2.63 and 4 Rs./kWh for biomass, and between 2.@35ai4 Rs./kWh for bagasee
cogeneration. As can be seen in Table 3.13, thedbfeed-in prices for biomass and
bagasee cogeneration are even below the privateotosal-fired power. This raises
the concern that these prices, adopted in somesstate not high enough to recognise
the environmental benefits of the subsidised rebégatechnologies. It is commonly
observed that the feed-in prices for different texdbgies are all lower than the total
social cost per unit of electricity. The indicafor internalisation can be measured as

Price.
SocialCost,

rightmost column of Table 3.13.

j, and the indicators of respective RETs are showthé

Table 3.13: Externalities internalisation as of yea2007 of various RETs

Private External Social Feed-in indicator f
cost cost cost Tariff*® ndicator for

Int lisati %
(Rs/KWh) (Rs/kWh) (RsJkwh) (Rsskwhy — ernaisaton (6)

Conventional:
Coal-fired power 2.75 3.15 6 -- --
Renewable:
Wind power -- -- -- 2.9-4.08 48.3 - 68
Small hydro -- -- -- 2.8-3.39 46.7 — 56.5
Biomass -- -- -- 2.63-4 43.8 - 66.7
Bagasee - - - 2.63-5.14 43.8-85.7
cogeneration

3" This is from the country report.
3 This refers to the feed-in prices of the year 2@0hewly-commissioned projects.

32



. ]
LI CASES-COSTSASSESSMENT FORSUSTAINABLE ENERGY MARKETS €'=3=~?
= PROJECTNO 518294SES6 -

In the promotion programme for solar PV power aolkdrsthermal power announced
in 2008, the feed-in premiums mentioned above effqarices from utilities as well as
subsidised capacity are both clearly stated. Asdutinat the purchase price offered
by utilities is around the private cost of coakflirpower, effective feed-in prices —
private cost of coal-fired power plus fixed premiunshall recognise the RETS’
environmental benefits or alternatively, internaliee externalities. The indicator for

internalisation is measured é-ga”ffs%d'“ , and this is 246%]\4-7%)

SocialCost, j

for solar PV and 213%1@-7%) for solar thermal power technology. It can bensee

that the feed-in tariffs are more than two timee turrent social cost for both
technologies. A high premium will favour long-teproject development, especially
for solar power generation which is a highly cdpiéensive technology. The impact
of high premiums on electricity price for end usen® limited because of the
subsidised capacity of solar PV/solar thermal poisetestricted within 10 MW in
each state.

Table 3.14: Externality internalisation of solar PV/solar thermal technology

Private External Social Feed-in
cost cost cost tariffs>®

(Rs./kWh)  (Rs./kWh) (Rs./kWh)  (Rs./kWh)

Indicator for
Internalisation (%)

Conventional:
Coal-fired

power

Renewable:
Solar PV -- -- -- 14.75 246
Solar thermal -- -- - 12.75 213

2.75 3.15 6 -- --

To sum up, it is seen that the effectiveness @friraglisation varies amongst states. It
is worth noting that some states in India do natehaotential to develop renewables-
based power generation and these areas inevitabtyilsute more to the externalities
than the others. Provided that there isn't a wedboised mechanism to distribute
environmental benefits from renewable energy, iitgdn environmental benefits can
easily emerge.

A Renewable Portfolio Standard (RPS) mandates thevam amount of capacity or
generation that must come from renewables and taedated amount in general
increases over time (Sawin, 2004). As exhibitedTable 2.8, minimum ratios of
electricity from renewable resources have beenifspeédn many states, and the
standards are applicable to captive and open acoessimers as well in such states:
Andhra Pradesh, Maharashtra, and Rajasthan. Thieipation of captive and open
access consumers is reckoned helpful in promotmgpetition in the market as well
as an encouragement for captive and independerdupecs to use renewable
resources rather than fossil fuels to generaterediyg.

% This is calculated as: private cost of electrifibm coal-fired power + fixed premiums — 12
Rs./kWh for solar PV and 10 Rs./kWh for solar thakm
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Steady growth in RPS requirement over time is okegkin the states of Gujarat,
Maharashtra, Orissa, and Rajasthan, whereas sates sinly apply a fixed standard
which is applicable either for a specific year ontinuously over time. The continuity
and stability of targets mandate are importanhat this provides predictability over
a long time horizon and hence encourages elegtheciyers and sellers to enter long-
term supply contracts (Berry and Jaccard, 2001Yeler, Berry and Jaccard (2001)
mentioned an important issue in standard setthmag, is, whether or not there should
be one target for which all renewables will compatea separate target for different
types or classes of renewables. Under the firstogh, the least-cost options would
be developed but the aim of supply diversity ort thlapromoting newly emerging
technologies may not be achieved. Both approaaieesen to be carried out in India.
Andhra Pradesh has rate of 0.5% for wind energyRajdsthan employs respective
targets for wind power, biomass, solar power, andlass of other renewable
technologies. By contrast, most of the states laasiagle target for all renewables.

One indicator for the effectiveness of technologgsémination is the level of
increases in installed capacity of a given typeeoiewable technology. The installed
capacity of wind power in each year since 200hang in Table 3.15, Table 3.16 for
small hydro power, and Table 3.17 for biomass aagiabee generation. As can be
observed, in wind power, several states demondtrptegressive growth of wind
power during the years 2004-2007, such as Guj&atnataka, Maharashtra and
Tamil Nadu. In mid-1990s, together with some finahand fiscal incentives, an
electricity buy-back policy had been employed bsnecstates on wind power projects,
i.e. government had to purchase electricity atiff teo lower than 2.54 Rs./kWh, and
hence this price had been commonly employed byetb&ges during late 1990s and
the first couple of years of the new century. Teedfin tariffs were later increased
under the mandate of the Electricity Act. This pasvided project developers with a
better incentive as well as is more capable ofmatigsing externalities and this policy
is more acceptable by the generators as well asideanakers in the government.
These thus can explain the rapid disseminationind \ywower in India, particularly as
it is employed together with a RPS. For small hygower, continuous and
substantial increases in installed capacity arg obkerved in Karnataka from 2003
up to the end of 2007, whereas in other states, imstallation only took place
intermittently. Installed capacity of biomass anagasse cogeneration nationwide
demonstrates a steady growth since year 2003, ielipea the states of Andhra
Pradesh, Karnataka, Maharashtra, Tamil Nadu, atat Btadesh.

Currently, statistics of electricity generationrfrahermal power and wind power are
available only for the year 2003-2004 and the \y2204-2005. As shown in Table
3.18, the shares of electricity generated from wooder grew over time in most of
the listed states, and substantial increases vie@reed in Rajasthan and Tamil Nadu.
The state of Rajasthan has policy instruments d-fedariffs and RPS - for wind
power, hydro power, and biomass technology, resmdgt For wind power, a RPS of
2% in the year of 2006-2007 was mandated, withrawual increment by 0.3, till it
reaches 4%. Table 3.18 shows that the electricagyrction has reached 1.58% in the
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year 2004-2005. Provided the increase of around M®0 in installed capacity of
wind power during the years 2004-2005 and 2005-20@6RPS of 2% in 2006-07 is
certainly achievable. In the state of Tamil Nache wind power plants generated
more than 50% of the electricity production froormdipower in the country in the
year 2004-2005, and 7.5% of the aggregate produgtithin the state. Amongst the
states with incentives, the purchase prices foewales-based electricity employed
in Tamil Nadu provides are the lowest and givenitis¢éalled capacity up to now, the
RPS of 10% shall be able to be fulfilled by the dvimower alone. This suggests a
high level of cost-efficiency of the policy instremts applied in Tamil Nadu.
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Table 3.15: Installed capacity (MW) of wind power ly state in each fiscal year in India

a—
AN
{
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Up to 31/03/2002 2002-03 2003-04 2004-05 2005-06 06207 2007-08 Total
Andhra Pradesh 93.2 0.0 6.2 21.8 0.5 0.8 0.0 122.5
Guijarat 181.4 6.2 28.9 51.5 84.6 284.0 238.2 874.8
Karnataka 69.3 55.6 84.9 201.5 143.8 266.0 96.1 .2917
Kerala 2.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
Madhya Pradesh 23.2 0.0 0.0 6.3 11.4 16.4 13.0 70.3
Maharashtra 400.3 2.0 6.2 48.8 545.1 485.3 158.6 46.36
Rajasthan 16.1 44.6 117.8 106.3 73.3 111.8 25.9 .7495
Tamil Nadu 877.0 133.6 371.2 675.5 857.6 577.9 218. 3711.6
Others 4.3 0.0 0.0 0.0 0.0 0.0 0.0 4.3
Total 1666.8 242.0 615.2 1111.7 1716.2 1742.1 750.6 78445
Source: MNES Annual report, 2007-08
Table 3.16: Installed capacity (MW) of small hydropower by state in each fiscal year in India
Up to 31/12/2001 2002-2003 2003-2004 2004-2005 22085 2006-2007 2007-2008  Total
Andhra Pradesh 145.91 4.8 13.55 14.55 0 0 0.29 1179.
Chattisgarh 1 0 5 7.5 0 45 0.05 18.05
Gujarat 7 0 0 0 0 0 0 7
Haryana 48.3 0 14.4 0 0 0 0 62.7
Karnataka 156.9 0 56.48 55.45 31.8 83 80.37 464
Kerala 69.52 0 15.1 0 0 14 0 98.62
Madhya Pradesh 38.16 0.8 0 2.2 0 0 10 51.16
Maharashtra 200.33 6 0.75 0 0 1.5 2.745 211.325
Orissa 1.3 6 0 0 0 0 0 7.3
Punjab 102.2 1 5.2 3 2 9.15 1.35 123.9
Rajasthan 23.85 0 0 0 0 0 0 23.85
Tamil Nadu 73.9 0 25 1.3 0 0 12 89.7
Uttar Pradesh 215 0 0 0 0 3.6 0 25.1
Other 533.26 21.72 26.87 6 23.38 39.21 33.865 654.3
Total 1423.37 40.07 139.88 90.02 54.64 157.46 1740.12045.61
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Source: MNES, Annual Reports, 2001/02, 2002/033AB6) 2004/05, 2005/06, 2006/07, and 2007/08
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Table 3.17: Installed capacity (MW) of biomass/bagsee cogeneration by state in each fiscal year india
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Up to 31/12/2001  2002-2003 2003-2004 2004-2005 520006 2006-2007 2007-2008 Total

Andhra Pradesh 101.2 42.85 53.27 47.88 56.05 33 .2334
Chhattisgarh 0 11 0 0 77.5 57.8 146.3
Guijarat 0.5 0 0 0 0 0 0.5
Haryana 4 0 0 2 0 0 6
Karnataka 72.6 36.78 26 16.62 102.28 8 262.28
Madhya Pradesh 11 -11 1 0 0 0 1
Maharashtra 12.5 12 0 11.5 26 46 108
Punjab 12 10 0 0 6 0 28
Rajasthan 0 0 7.8 0 15.5 0 23.3
Tamil Nadu 98 8 445 22 43 57 2725
Uttar Pradesh 46.5 0 12.5 14 48.5 22 143.5
Total 358.3 109.63 145.07 114 140.53 234.3 223.8 2583

Source: MNES, Annual Reports, 2001/02, 2002/0332B 2004/05, 2005/06, 2006/07, and 2007/08

Table 3.18: Generated electricity (utilities only)y fiscal year

2003-04 2004-05
State Wind (GWh) Total (GWh) Ratio (%) Wind (GWh) ofél (GWh) Ratio (%)
Andhra Pradesh, 92.81 32913.93 0.28 160.79 37305.140.43
Gujarat 251.5 38269.84 0.66 350 44230.8 0.79
Karnataka 322.14 22996.43 1.40 489.53 23515.43 2.08
Kerala 2.49 5629.02 0.04 25 6514.95 0.04
Madhya Pradesh 1.24 15802.08 0.01 38.76 15975.24 24 0.
Maharashtra 1269.02 66390.48 191 495.36 67078.27 .74 0
Rajasthan 15 18614.08 0.08 331.53 20985.8 1.58
Tamil Nadu 1447.65 30353.93 4.77 2426.3 32229.72 537.
West Bengal 0.47 23508.42 0.00 0.45 24888.26 0.00
Total 3402.32 565101.7 0.60 4295.22 594456.2 0.72

Source: Central Electricity Authority, Ministry &ower, Government of India, Annual report 20032204-05

ép‘%
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The availability of renewable resources varies Wiéeross the regional climates and
geographies of India, and the lowest-cost resoura@gs not be accessible within any
particular RPS state. Besides, distribution licesseare allowed to purchase
renewable-based electricity from other states, Whibowever, involves high
transmission cost. As suggested, a national maifketnewable energy certificates is
one effective mechanism for tapping into the besburces (Cory and Swezey, 2004).
At the moment, such a market does not exist inalnidiis strongly recommended that
a nationally tradable renewable energy creditsafdrieving the renewable portfolio
standard (RPS) is necessary to enhance the pdficgay (Singh, 2007). First of all,
provided that renewable resources are not evesltyilalited across sates, credits will
help redistribute renewables electricity acrostestaia a trading mechanism, with no
electricity transmission involved. Secondly, goveamt agencies can provide more
effective support by purchasing such credits anpwald thus complement financial
subsidies or fiscal incentives. Please see Sin@gd7(2for more discussions in detail.

Some existent policies in the power sector are idensd to be negative on the
development of RETS, which is going to be discudssdw. It is well known that, in
India, the overall electricity tariffs structurerféhe end users has been severely
distorted by the cross-subsidisation. Agricultuadl residential electricity prices have
been heavily subsidized as the government consideversal access to electricity a
social and political objective. By contrast, indigtconsumers are charged more to
subsidise agricultural and residential consumdeade see Table 3.19 for illustration.

Table 3.19: Electricity subsidies in India

Average price (Rs./kWh) Supply cost (Rs./kWh) Rafteubsidy (%)

Residential 15 3.56 57.9
Agricultural 0.25 3.42 93.0
Industrial 3.5 3.56 Not applicable

Source: Karki, Mann, Salehfar, and Hill (2005)

Owing to strong political compulsion, the situatiohcross-subsidy is unlikely to be
phased out in a short or medium term, arfthéé shown significant negative economic
impacts (Karki et al, 2005). To begin with, low qas, especially for the residential
and agricultural sectors, leave utilities withoulffisient finances to improve the
quality and reliability of electricity supply. Foinstance, the state utilities are
operating with heavy financial deficits (around®3billion an year). Secondly, these
cross-subsidies benefit mainly those who are ecaraiy better off, whereas the
majority of really poor people have no access éatelcity due to the high connection
fee to electricity as well as low electricity consution. Thirdly, owing to high cost
and unreliable supply of electricity, industrialnsomers have chosen to have their
own back up supplies, normally diesel generatorsmé&rous stand-alone diesel
generators contribute to more GHG emissions. Maeat is possible that the costs
as a result of developing renewables technologigs been passed onto the end users
disproportionately as a result of the cross-subatthn nature, leading to social
inequity as well as high financial burden for thevgrnment as well as for the
industrial sector.
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Subsidising conventional fossil fuels — coal mainkysed to apply in developed and
are still applied in developing countries, as thisis to boost economic growth by
lowering energy costs. The Indian government has Iseibsidizing the price of coal.
The condition of relative low prices of coals makesal-fired power generation
competitive and favourable. Moreover, under thesguee of increasing demand of
electricity in India, the government may prefer abiog conventional thermal power
generation owing to its low gestation time, to gsRETs (Karki, Mann, Salehfar, and
Hill, 2005). These factors inevitably create a leigbarrier for RETs which usually
have higher private costs to become competititherelectricity market.

It is notified in the Electricity Act that electriy tariffs need to be rationalised, e.g. to
adjust to reflect electricity full cost, as well #mt cross-subsidisation levels ought to
be lowered and ultimately eliminated. As suggested?ershing and Mackenzie

(2004), if a renewable energy technology is to beezocost-effective, market

impediments need to be overcome. This can be asthigwough the removal of

subsidies to fossil fuels, i.e. coal, and througtasures to ensure full cost pricing of
electricity, that is, the electricity prices refldbeir social cost — private production
cost and environmental cost. To meet the targeelwhinating cross-subsidies

requires not only economic but also political refer(Cust et al, 2007).

The Indian Government outlined an ambitious plantétal household electrification
by 2012, which ought to be met by measures of gxignsion, distribution reforms,
and de-politicisation of tariffs (Cust et al, 200Regarding supply cost of electricity,
studies suggest that the supply cost of electrititpugh grid to rural areas can be
around three times generation cost of that for saase to grid (Barnes and Sen,
2002). A recent estimate for a case study putsctis¢ of delivery to rural areas at
over Rs.9/kWh (Hansen and Bower, 2003). Thereftoeglectrify rural areas via
distributed generation systeffi&decentralised generation system becomes another
niche for the development of renewable energyhasigh cost of on-grid electricity
has made some renewable technologies the leastajustns for household
electrification, e.g. biomass gasification (Rs./K¥Wh) and micro-hydro power (Rs.3-
6/kWh) (Cust et al, 2007). Under the ElectricitytAthe Rural Electrification Policy
has been notified by the Ministry of Power in 2@66ermit stand-alone generation
systems to use renewable resources. This providieglmes for setting up off-grid
systems in rural areas and specifies tariffs fadneze of electricity supply to
consumers in rural areas (Singh, 2007). Howevepregent, there still exist barriers
for electricity generation and distribution in ruaaeas. First of all, there is still a lack
of clarity in legislation regarding allowing IPRs generate and distribute electricity.
Moreover, some factors crowd out decentralisedidiged renewable energy projects,
such as: 1) state-controlled power sector, 2) afergioned subsidised conventional
energy, 3) non-payment culture, and 4) distortedpett for renewable energy
technology programme (Cust et al, 2007).

“0 Decentralised generation (DG) system is definetti@installation and operation of electric power
generation units connected directed to the didinhunetwork or connected to the network on the
customer site of the meter. (Ackerman et al, 2001)
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3.4. Turkey

Turkey distinguishes itself from the previous thoeeintries in that there is only one
universal feed-in tariff, ranging between 5 to E&ents/kWh, provided by the
government. This leaves completely to the marketetcide which technology by its
cost advantage and future prospect will develogurihs out that the tariff is only
sufficient for wind power energy; however, it isted by the World Wind Energy
Association that this tariff is still much lowerath the average remuneration in the
leading European wind markets. By contrast, thi# farnot sufficient to promote the
development of other renewable energy technologiesolar energy, small hydro,
and biomass.

In contrast with such developing countries as Claind India, Turkey is not heavily
dependent on coal to generate electricity. Aroud% Df the generated electricity is
from coal-fired power plants, whereas over 70% upp®rted by fuel cycles with
relatively low external costs - large hydro and gawer generation. Approximately,
the external cost per kWh electricity from fossiels is 2.5 times that from natural
gas and 28 times that from hydro power (Topcu atehdin, 2004). For a Turkish
lignite fuel cycle, the externalities is estima&d3.35 eurocent/kWh (please see the
D.7.2 for further details), which presumably is taken into account in the wholesale
price of a unit of electricity generated. An estienaf total social cost in the case of
lignite fuel cycle, which considers both privateste around 2.10 €cent/kWh- and
external cost, shall be 5.45 €cent/kWh. As of y2@d7, the level of externality

SocialCost

gas and large hydro, the indicators of 132 and 2Q§gesting that the feed-in price
can more than fully internalise per kWh electricgggnerated from natural gas and
large hydro (See Table 3.20).

lignite

internalisation is measured %EeedlnPrice j i.e. 95.4%. For natural

Table 3.20: Externality internalisation as of 2007

Private cost External cost Social cost Feed-in tariff Indicator of
(Ecent/kWh) *¥€cent/kWh) (Ecent/kWh) (E£cent/kWh) Internalisation
(%)

Conventional:
Lignite fuel cycle 2.10 3.35 5.45 -- 95.4
Natural gas 2.6 1.34 3.94 -- 132
Large hydro 2.42 0.12 2.54 -- 205
Renewable;
Wind onshore 2.84 -- 2.84 5.2

Source: Topcu and Ulengin (2004) and Kéne and ERR67)

“1 This calculation was done in OECD/NEA (2005) andilisekéne and Biike (2007), containing
investment cost, fuel cost, and operation and reaarice cost, at 5% discount rate. In the same pape
estimates of private cost of other types of fuelere also available.

“2 Based on the estimated external cost of lignitedfpower, the estimated external costs of natural
gas and large hydro are derived with respect todlagive scales suggested in Topcu and Ulengin
(2004).
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The feed-in pricing law and mandatory purchaseretfeby distribution utilities are

guaranteed for 10 years. Compared with policiestarmgin the three other countries,
this time period is not long; even though, it pa®s project developers with high
predictability. Whilst the feed-in price is determad by wholesale market prices
which are largely for electricity from mature andntpetitive fuel cycles, an issue
remains in the matter that whether the purchasee mill be adequate to foster the
electricity generation and to provide generatorghvmcentives to invest further on
technology innovation in order to reduce operatost. Moreover, the government
has not addressed further regarding any continuocsntives available after the
policy of feed-in tariff comes to the end. Whilspariod of 10 years is possibly not
long enough for a technology to become fully contivet the lack of incentives

beyond 10 years inevitably creates uncertainty \eitlg-term development of RETS.

The Turkish electricity market has been going tigtoa process of vast restructuring
in core activities ranging from generation to disition. Since 2001, reform on
liberalisation of Turkey’s electricity market hakén place. The main purpose of the
market liberalisation is to achieve lower tarffisby increasing overall system
efficiency. Years 2006-2010 is considered the ftansperiod to a cost-based tariff
structuré®, During this transition period, a national tariffsheme remains to avoid
price fluctuations and the revenue imbalance aaegsns will be equalised through
revenue transfer. The cost as a result of feedweritives to the RETs will be
reflected in the basket price of the energy puretalsy a distribution company.
Currently, the feed-in tariff is capped by the wdsale electricity price in the previous
year. If the feed-in tariffs would be increased28®¢b6, such increase would be borne
by the whole population because, at least duriegytbars 2006-2010, a cross-region
revenue transfer mechanism is in place to baldmegrice fluctuations.

3.5. Summary

Comparisons of policy instruments — primarily markegulatory mechanism - are
made amongst the four countries and are summabislesh. Details are exhibited in
Table 3.9.

The level of effectiveness of externality intersation is dependent on the main fuel
sources of power production in each country. Turkeg Brazil are highly dependent
on fuel sources which cause low externalities,|Jaeye hydro and natural gas. Theses
two countries have greater effectiveness of intesagon than China and India which
rely heavily on coal-fired generation.

The feed-in price for the wind power in China ahdttin Turkey are considered to be
more cost-efficient than those in the other twontoas. In China, the amount of

43 Accordingly, a new tariff structure has been depetl and the electricity tariffs are calculated as
‘cost-reflective’ based on predetermined operating loss/theft improvement targets.

“4 This structure contains four tariff componentsretil sales, 2) distribution, 3) retail servicasgd 4)
transmission.
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incentive is determined through market competiteord in Turkey, the incentive
follows the electricity price in the wholesale metrkBut these prices could be low.

A mechanism which allows feed-in prices to adjughwespect to any changes in
economic conditions, e.g. inflation, production tcatc., is implemented in Brazil,
India, and Turkey. Predictability related to theddn prices is observed in all the
four countries. In China, it varies amongst difféardechnologies and amongst
different states as well as technologies in InBinamic efficiency is more likely to
emerge in the case that a tendering system is gegbko contract capacity or when a
feed-in price is decreasing to encourage generé&oiraprove production efficiency
and reduce cost. This can be observed in Chinad(power) and in some states of
India. To some extent, inequity exists in all tlo@rf countries, e.g. disproportionate
distribution of environmental benefits/cost amonpst states in India; the impact as a
result of the increase in electricity price on turauseholds is on average three times
the impact on urban households. In all the foumtaes, a legal framework enacted
before the introduction of the policy instrumenig)ich makes it easy for actors to
comply.

Finally, diversification of electricity generatiasimore easily to be achieved when: 1)
targets of capacity to be contracted by RETs arensadvance, like in Brazil and
China and 2) RPS is set by RETSs, like in some stafténdia. By contrast, the degree
of diversification is not achieved by current pglinstruments in Turkey.
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Table 3.21: Summary of assessment outcomes
Country . . .
Criterion Brazil China India Turkey

Effectiveness to
internalise
externalities

High internalisation (>100% by some measur

es)  @alyly: 91.7% by biomass
and 74.9 % by wind power

Partly internalisation Degree
of internalisation varies from
state to state

High internalisation for
lignite fuel cycle and more
than complete internalisation
for large hydro

Cost-efficiency

Not the least cost policy option

The target of capacity contraction was not me
by the original deadline of PROINFA phase |I.

Cost efficient for wind power
t but with lower internalisation

The nature of cost plus return
of feed-in tariffs is criticised
for its lack of efficiency

Relative high cost efficiency ig
found in the state of Tamil
Nadu

Cost efficient as the incentiv
is determined by the

wholesale prices of the powe
sector

11%

=

Flexibility

Feed-in prices are adjusted annually accordin
to the IGP-M index

g__

Feed-in prices are adjusted
annually according to inflation
in some states

The feed-in price is allowed
to be raised by the council o
ministry by 20% in the
beginning of each year.

Predictability

High predictability in the first phase

The implementation of the phase Il is still not
foreseeable.

Higher predictability for the

Incentives are vague for other
RETSs.

wind power than for the biomasg

High predictability majority of
sthe states

High predictability

Inconsistency exists between first and the

It is the case of wind power, bu

t Some states have dynamically

o

This policy has not addresse

Dynamic second phase of PROINFA. not for biomass or other RETs.| efficient incentives, i.e. a continuous incentive to be
Efficiency In the second phase, the competitive nature i$ decreasing feed-in tariffs provided after the period of
aimed to be introduced. together with RPS 10 years.
Leaves out rural area electrification Low partitipa of private State-specific incentives and | The feed-in price turns out ta
Equity project investors in the wind requirement benefit each state,be sufficient only for wind

concession programme,

favouring state-owned

but some states without

power and has an implicit

potential renewable resourcesg

crowd-out effect on other
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companies will not benefit. RETS.

The increase in electricity bill
may have higher impact on rural
households than on urban

households.
Introduced by a law. Introduced by a law Introduced by a law Introdubgdh law
Ease of The second phase will need to adjust in
introduction compliance with the new electricity regulatory
framework.
-- Government-run concession | -- Each renewables-based
Ease of programme for the wind power generator is issued a
monitoring and and case-by-case permission for certificate and this allows
enforcement other RETSs involve high authority to monitor.
transaction costs.
In the PROINFA phase |, contracted capacity| Diversification of electricity The level of diversification Low diversification: only
Diversification was distributed amongst three RETSs. production is targeted. varies from state to state. wind power generation
Phase Il may crowd out less competitive The policy of RPS is recently emerges.
technologies. announced in late 2007.
The acceptability of feed-in price is relatively | High acceptability in the case of High acceptability because a | A similar instrument has not
low in the biomass industry because biomass, wind power buy-back mechanism for wind| been employed in the nation
especially sugarcane, has been highly promoted power had been employed before.
to produce biodiesel. previously.

The acceptability amongst wind power and
small hydro generators are comparatively hig
This is because two previous programmes,
PROEOLICA and PCH-COM, were
implemented to promote these two technologles
by feed-in tariffs.

Acceptability

=
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4. Conclusion

This report provided an assessment on policy ingnis that are currently employed
to promote renewable energy in electricity generatin Brazil, China, India, and
Turkey. Section 2 started with reviewing on poliagtruments that provided direct
support to renewable energy generators. The rengeviound that command-and-
control measures and economic incentives were &ediiable in the four countries.
This refers to the fact that these countries hawplemented to promote and
disseminate renewable energy technologies in ppvegtuction.

Section 3 exhibited assessment of the policy ins#ént — mainly the market

regulatory mechanisms — on their performance inaygects of pre-defined criteria.
One crucial task was to investigate the extent lhickv the policy instruments can
effectively internalise externalities per unit dédricity production. Together with

this, other aspects of the policy instruments wels examined, such as their
acceptability, equity, ease of introduction, etolléwing conclusions can be made.

Firstly, the differences in effectiveness of ex#dity internalisation amongst the four
countries are dependent on the main fuel sourcpswér production in each country.
Turkey and Brazil mainly rely on fuel sources thatise low externalities, i.e. large
hydro and natural gas, and they have greater sfésss of internalisation than
China and India where coal is the main energy soaf@ower generation.

Secondly, state-specific policy instruments in éndnay yield disproportionate

distribution of environmental benefits/cost acrdbs country and cause regional
inequity. As suggested, a mechanism to mitigate thequity is required, e.g. a
national market for renewable credit (Singh, 200Hirdly, market impediments in

the power sector need to be removed, e.g. subdiniesnventional fuel cycles and
cross subsidies between sectors amongst end asellectricity pricing ought to

comply with a full-cost based mechanism.

The perceived risk of investing in renewable engrgyjects in developing countries
is high due to uncertainty with political, regulatoand market stability (Frost, 2003).
This refers to the fact that, in addition to theoysions of policy incentives to
renewable energy generators, fundamental soundfe®e power sector of these
developing countries is reckon to be crucial far dissemination of renewable energy
technologies.
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