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Abstract

The renewable energy sources (RES) has been laadepted in the world,
especially European Union and it has become tha market for wind energy and
solar photovoltaic energy. With the stimulation aapfrom the Feed-in tariffs (FIT),
the Solar PV market blowout since 2004. Howevegnelough with the stimulation of
support schemes, the solar energy is still beyanudigs bearing.

The European Union and China have both massivéigad renewable energy in
the recent years. Therefore, it is meaningful teene EU and China’s renewable
energy policies development history. From the camspa to analysis how policy
stimulate renewable energy utilizing.

By 2007, China has become the world’s largest saargy producer. With China
involved into the market, the solar products pridesline dramatically. Meanwhile,
EU is the largest solar energy application markeerefore, adopt experience curve
as a tool to assessment European and Chinesarshiatry will help us to reveal the

factors that influence the cost reduction of spladucts.

Keywords: Renewable energy policy, Experience Cung Solar PV energy
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1. Introduction

1.1 Background

Science and technology has reached a point whenmiods finally catching up
with our imaginations. Over the last two centuriég, two Industrial Revolutions had
successfully changed our world. It is acknowledtjed economic growth has already
been closely tied up with the fossil fuel, andaslbecome one of indispensable part
of economic growth. Recent surveys showed thatggnese has grown significantly
in OECD countries (USA, EU, Japan) over the pastedis. In addition, energy
demand has grown rapidly in developing countriesr ¢the past few years and
expects to continue increase, countries such aeaCindia and Brazil. The largely
adoption of traditional energy (fossil fuel) hasvitable leads to the raise of
greenhouse gas (GHG) emissions into the atmospBarbon dioxide (C¢) is the
effluent from the usage of fossil fuel and it isgitening the life as we used to know
it. The rising temperature is changing our landesapsing sea level, threatening
wildlife and altering weather patterns all over ¥herld. The impact of traditional

sources energy has cause environmental concerasnayority of the public.

To remit the issues accompanied with the adopmifaonventional energy
resources. Renewable energy sources (RES) hasyrBpitbme one of our choices to
overcome these critical issues. The European Unioective 2001/77/EC defines
renewable energy sources as renewable non-fogstdgsources which includes
“wind, solar, geothermal, wave, tidal, hydro-powsgmass, landfill gas, sewage
treatment plant gas and biogases”(Commission, 200 RES not only can
decrease GHG emission but also increased conwibtaijob creation and the
security of national energy supply. The hydro poami wind power had been
massively adopted in country such as Norway andhi2ek, showed an optimistic

future of electricity supply.



The current economic and social system is stiledam traditional source of
energy and their distribution system, it takes tforecurrent economic and social
system to admit renewable energy sources (Jagetaya2007). Secondly, renewable
energy requires huge initial investment. As the REiSiency is still relative low
which induce longer payback time for the invesitre longer payback time weak the
confidence of RES investors. At last, the most ieduzarriers for RES is regardless of
the type of renewable energy sources, as a mdttacto current economic costs of
KWh obtained from traditional fossil fuel are stdwer than renewable energy
resources. The higher cost of renewable energy snake competition advantage
compared with conventional sources of energy. Elengh, with the effect of R&D
development and learning/experience effect, theafagnewable energy sources
showed slightly decline, it is still unaffordabler the public and the cost of renewable

energy electricity still have a long way to reactd garity.

The RES has been largely adopted in the world,cesbeEuropean Union and it
has become the main market for wind energy ana pbiatovoltaic energy. Solar
Photovoltaic (PV) has showed it is a great potétdide a mainstream electricity
provider in Europe. With the stimulation impactrfraheFeed-in tariffs (FIT)
incentive measures, the Solar PV market blowouwtes#004. According to the data
from European Photovoltaic Industry Association I@&Pthe cumulative installation
capacity reached 601MW, which almost doubled coeybarith previous year and the
cumulative installation capacity continued doulrievgh since 2008, even during the
worst macro-economic period. In 2011, the Europearket reached its peak annual
installation which is 22GW and by 2013, the cumutatinstallation capacity reached
81GW in European market. However, with the dranadliiccost decline of solar PV
products, the European markets expansion quickdysaon reached a high
penetration level. As a result, currently, the Fidentives gradually declined in adjust

to the falling cost of solar PV products.



The solar photovoltaic (PV) technology had prowezbuld generate sufficient
electricity during the day time to meet the pealrrelectricity demand, however, due
to its relatively high cost, the deployment of s/ systems was much slower
compared with wind energy. Furthermore, withouteownent subsidies and supports,
high cost of solar PV weakened its market competiiess when compared with
convention electricity without government subsichesl supports. Fortunately, the
rapidly improvement of the solar technology andgtomarket competition has
induced the cost of solar energy declined dramigticathe last few years. The solar
PV modules price trend and the cumulative shipngesihowed irfFig.1. Just like
Nemet (2006) mentioned “no energy technology hasgad more dramatically than
photovoltaic (PV), the cost of which has declingdalfactor of nearly 100 since
1950s.” With the technology spread globally, then@ke solar Manufactures took the
dominant position in global solar industry andethme the bigger solar producer
since 2007. According to Greentech Media (GTM) Redg, Chinese solar
manufactures accounts half of the top 10 solar RYufactures in 2013, séggure.2.
With Chinese manufactures’ joined into the gameiaudived into global market, the
solar modules prices had decline significantly sig005 and solar products had been

massive utilized in EU, US, Japan and China.
Fig. 1
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As we know, the diffusion and utilization of rendM@&energy technologies will
depend on their future cost cutting (Neij, 1999la® PV energy as a newly immature
technology especially depends on their low cosbtopete with conventional energy
resources. However, in reality, governments ignioeeopportunities to massive
utilize low cost solar PV energy due to trade pribmism. The German solar
company SolarWorld AG filed anti-dumping complaimtEuropean Commission in
July, 2012. Afterwards, the European Commissiorsetiuties as average 47.7% for
Chinese solar panel manufactures and also setitiemam import modules price for
modules produced from China. SolarWorld AG, Ameri@xanch, also filed
complaint to U.S International Trade Commission3)Tn 2012. The ITC allows U.S
Commerce Department (DOC) to issue anti-dumpingcanchtervailing duty orders
on imports of solar products from China for fiveayg@eriod. In Oct, 2012, the U.S
Commerce Department (DOC) set the duties for Chisetar cells range from
18.32%- 249.96 for different Chinese Manufactuldsough cost cutting, Chinese
Solar PV manufactures had successfully stimuldtedolar PV utilization into a new
stage, however, it is a unoptimistic that the aopof low cost solar PV energy will

be affected by the trade protectionism.

Figure. 2
World Top-10 PV moduel Producer in 2013 (MW)
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Source: data collected from GTM research, figumeegated by paper author.
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1.2 Literature Review

1.2.1 Renewable Energy Policy

The book Harnessing renewable energy in electric power systeheory,
practice, policy by Boaz Moselle, Jorge Padilla and Richard Sclemsé¢e, provide a
detail about European Union renewable energy pdiaayework and its development
history. The EU different Directives o (2001/77EXD03/30/EC, 2009/28/EC)
indicates the obligations that member states sholudy and stipulate measures for
member states to promote RES utilization. SchumanLan (2012) argues that after
China implemented the Renewable energy law in 286@%ral mechanisms was
established, such as national targets, supportreehand mandatory market
connection, etc. NREL (2004) indicates that thediste three levels in Chinese
renewable energy policy. The legal documents sa¢Ranewable energy law*The
Mid-and Long- Term Plan for Renewable Energyid“Amendment of Renewable

energy law”emphasize the regulations and rules for renewaidegy development.

1.2.2 Experience Curve

The experience curves were used as an importanfioromssessment renewable
energy technical change and assessment for reneweabigy policies, Neiji
(2003),adopted experience curves method to evalbatdifferent resources of cost
reduction and the effect of different renewablergng@olices. The experience curves
model also proved that learning from market camcedrices for various
technologies. For example, Neij (1997), Neiji (2pBad demonstrated that the
price/cost decline is related to the cumulativedpiion, especially in wind energy

industry.

There are numerous studies and literatures retatexkperience curves effect on
solar PV technologies. Neij (1997) indicated tlnat €xperience curves used for solar
PV models are considered to be uncertain, reseasciits shows a highly Progress
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Ration (PR=96%) since solar PV is a relatively m@ming technology.
Maya.Papineau (2006) emphasize on experience cangedynamic economies in
renewable energy technologies. Her analysis paihtiat experience estimate in US
solar industry is either substantially reducedtatistically insignificant when related
to experience index. Furthermore, studies also sddahat through experience curves
analysis; the effect of R&D to solar PV industryesatively small and statistically
significant. Solar industry is similar with othe@mewable industry; the massive
investment on Research & Development (R&D) willdyrally reduce the cost of the
products. Under the influence of R&D, companiehwiltting-edge technology will
make them keep a low cost expense for the produetioch induces the companies
be the price maker and maintain leading positioiéindustry. The R&D effect
could not only brings cost curves of solar indusktoyvnward shifts but also interact

with experience curves to reduce the solar prodyite (Maya.Papineau, 2006).

Nemet (2006) indicated that tHearning by doing or “experiencéeffect of
cumulative production appears do not have majduémice on PV cost reduction. The
studies showed that experience curves effectslysome of the explanations to the
decrease of solar PV products and the most impdidators are plant size and

module efficiency.

Moreover, most of these analyses are based oneShagitor Experience Curve
model (SFEC) or One Factor Experience Model (OFE@gh as analysis in Neij
(1997), IEA (2000), Neiji (2003). The SFEC use clative production as
independent variable to explain the changes inrtdgrd variable (price or cost).
These SFEC studies also had its weakness, fonoestéhe SFEC study did not
include the R&D or other technical improvementlas éxplanation factor to
dependent variable (price or cost). Secondly, the Factors Experience Curves
(TFEC) and Multi Factors Experience Curves (MFE8&)ally suffer from invalid
data or poor data quality, and multicollinearityuss, these factors and uncertainties

induces the inaccurate of TFEC or MFEC estimation.



1.2.3 Research Questions

This paper aims to investigate what is the trelysion for solar market boom and
the cost decline of solar PV products. As showefihire.1, the Chinese solar
manufactures account for the major player in wedtar market and it became the
biggest producer since 2007. Meanwhile, EU is tiea avhere largest adopt solar
energy, therefore it induce the largest solar ntarkthe world. Therefore we will
take European and Chinese solar manufactures agahanalysis object, to further
verify and support our assumptions; For R&D effeealysis, we will adopt Chinese
manufactures as research object as they have dontireaworld production. We will
adopt experience curve to examine if R&D could hidprease the cost of solar
products.

Association (2013) stated that it is obviously thalar PV market is driven by
policies regulations and support schemes. Thergtioegpaper will adopt qualitative
analysis method to analysis and summary the EWCdmga’s renewable energy
policy. The policy analysis will mainly focus ommwvable energy electricity policies,
the policies refer to the renewable energy heatind,renewable energy
transportation is not considered in this papernTiaether move to analysis policies
that specified on solar energy. On the other haaanentioned above, the experience
curve had been adopted in analysis of solar inguBtrerefore, we will adopt the
guantitative analysis method- experience curvamatbn in the paper to assessment
the European and Chinese solar PV industry. Baseldeohistorical EU and China’s
renewable energy policy and historical developnoéisblar industry, we then adopt
top-down approach to assess the general renewadalgyepolicies, policies specified

on solar energy, solar PV market and solar PV itrgus



Research Questions as follows:

Q1: To what extent does renewable energy policesikited the development of

solar utilization?

Q2: Does experience curve effect exists in EuropeahChinese solar industry?

Q3: How much cost reduction can experience curffestanduce in EU and Chinese

solar market?

Q5: Is there any other factors influence cost rédadn solar PV products?

The rest of the paper is organized as followst@e2 focus on the introduction
and analysis of general renewable energy policgldgwnent history in EU and
China, and the comparison between two regionsiwab&e energy policy. Section 3,
the paper will focus on policies that specifiedsatar energy in EU and China.
Section 4 presents the theory, method of experienoe estimation and data
collected for the experience curve estimate on Bt)@hinese solar industry. Section
5 provides results of our estimation, while sectaiscusses the result. Finally,

section 7 provides ending with answers for our tjaes and ending conclusion.



2. General Renewable energy Policy in EU and Chi

2.1 European enewable energy polic

2.1.1 Current renewable energ\utilization in EU

Currently, EU is the mossuccessful area where massiveljized RES. In 2012
the renewable energy accounts for almost 11%tal energy consumption in E-28
(seeFigure.3). The largest share is still dominateaibynd petroleum produc The
Directive2009/28/EC on the promotion renewablesnergy set the targets 1
renewable energy to account 20% of total energgwmption by 202CEuropean

Union is on its track tonee the setting targets.

Figure.3
Total Energy Consumption by Energy Sot
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2.1.2 European Union Renewable energy Policy review

It was indistinct when is the exactly time that Ehieropean Union start to set up the
policies for renewable energy resources adopti@wever, it is considered that the
EU initial start to push toward developing policfes renewable energy resources can
date back as early as 1996 (Moselle, Padilla, &nsdansee, 2010). A Green paphr-
European Strategy for Sustainable, Competitive &acure Energwas issued by the
Commission of the European Communities in 1996.Gheen paper proposed an
energy strategy for Europe which was balancingasuaible development,
competitiveness and security of supply. Nowaddys Huropean Union has became a
vital player in world economic development andinho doubt that EU will demand
massive of energy resources to support its’ magsieaomic ship advance. As a
consequence, the massive energy consumption irifluiseenergy import
dependency gradually arise. The Green Paper irdidhtit Union’s external
dependency of energy is constantly increasing alidnerease to approximately 70%
in the next 20 to 30 years compared with 50% in619&0, most of the energy
products the European Union imported were fronréiggons threatened by
uncertainty or insecurity. The Green paper alsicatdd that the world energy
demand is increasing dramatically which lead tor¢hge of oil price and gas price.
From 1994 to 1996, the oil and gas price had almosbled during two year. The
large demand of energy products not only increlasetice of energy products but
also increase Green House Gas (GHG) emission. dicgpto the Green paper, the
CO, emission is expected to increase 60% by 2030.dlyargcreased greenhouse gas
had made our climate getting warmer and the inftiondrom the Intergovernmental
Panel on Climate Change (IPCC) shows that the drease gas had made the world
0.6 degrees warmer. (Commission, 1996). If theglalarming can not be ceased,
the earth will face a catastrophe in the near &t@oncerned of the threat of the
energy dependency and the global warming, the Eamp/nion carry out the green

paper and suggests developing clean energy asitzosol
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The 1996 Green paper was like a spark. As a qoesee, the European Union has
gradually carried out policies for its renewablemrgy adoption. The 1997 White
paper set an indicative objective of 12% of enexgysumption from the contribution
of renewable energy and fulfilled by 2010.(Comnassil997). The Commission sees
the target as an indicative target and describedgasd policy that gives a clear
political signal and impetus to action. The tangas also described as an ambitious
but realistic objective. However, this pioneer ppldid not legislation the target for
each member states in the Union. It is only meetlthat “targets in each member
state could stimulate the effort towards increasquoitation of the available
potential and could be an important instrumentiiational industry and creating jobs”
The white paper also indicates that “each MembateSthould define its own strategy
and within it propose its own contribution to theecall 2010 objective”(Commission,
1997).

The 1997 White paper indicates some Main featoféise Action Plan to stimulate
renewable energy resources adoption. The mainréessatd the action plan including
four major parts, which are Internal market Measureinforcing community polices,
strengthening co-operation between Member statg@Sapport Measures. The white
paper had presented political support and finarstipport to stimulate renewable
energy resources adoption.

The White paper of 1997 promotes the renewal®#eggrsources on the basis of
diversification of energy supplies, environmentaltpction, cost reduction, financial
aid and social job creation. In a way of sense\ttnite paper of 1997 became a
foundation point for recent renewable energy saidsvelopment in Europe.

On September 372001, the Directive 2001/77/EC on the promotibelectricity
produced from renewable energy sources in thenat@lectricity market was issued
by European Parliament and of The Council. The gaef carry out 2001/77/EC
directive is “to promote an increase in the contiidn of renewable energy sources to
electricity production in the internal market fde@ricity and to create a basis for a
future Community framework” (Commission, 2001).aleidition, there are other

purposes for carry out 2001/77/EC directive, inacigdhe security and diversification
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of EU energy supply. The directive made a cleaindefn about renewable energy
resources and also the scope of the directive. f&hewable energy resources shall
mean renewable non-fossil energy sources (windy,spéothermal, wave, tidal,
hydro-power, biomass, landfill gas, sewage treatmkmt gas and biogases)”
(Commission, 2001). The directive first time emphed the national indicative target
for the share of electricity produced from the reakle energy resources in each
member state. In Article 3(1) the directive makedaar that all member states must
apply the provisions and take appropriate stepsinoulate the electricity production
from the renewable energy resources in consistghteach member’s indicative
target (Commission, 2001). In Article 3(2), theeditive emphasis that each member
state have to summary information and submit aarebereport about electricity
produced from renewable energy resources no IateO2tober 2002 and every five
years thereafter. The report should describe tbpgstion of electricity produced
from renewable energy resources in total elecyrigibduction in each member state.
The report should also emphasis that what meabkagkbeen taken or planned by
each member state to ensure their own indicatigetaEach member’s target shall
take account of the reference values in the direstiannex and these targets should
compatible with any national commitments entered Kyoto Protocol (Commission,
2001). In Article 3 (4), the European Commissicsoaias the responsibility to
publish a report not later than®®ctober 2004 and every next two year to examine
the progress of each member states in fulfillnidscative target (Commission, 2001).
As we can see, to start with, the directive (Z00EC) set down the indicative
target of electricity consumption from renewablergy resources was 22.1% for EU-
15 by 2010. With the Accession Treaty on April 200 gross indicative target for
the proportion of electricity produced from reneveabnergy resources was set up as
21% for EU-25 by 2010 (Kanellakis, MartinopoulosZ&chariadis, 2013). In
addition, the directive set the measures to evaleath member’s progress on
electricity produced from renewable energy resairtbese measures were taken at
national and community level. The report annouripgdach member state every five

year can reflect the progress of each member stalectricity production from
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renewable energy resources toward achieving theirtarget. The report published

by the commission every two year will show the vehpictures of the electricity

production from renewable resources in the unidre fational and community

mechanism will no doubt stimulate the renewablegneesources deployment in its

initial developing stage. The directive (2001/77)JEd30 set up the following

provisions:

Present a report followed with a proposal refesupport schemes. The proposal
should be able to stimulate the renewable enepurees development and
contribute to the achievement of national targae proposal should also help the
RES-E compatible with electricity from fossil fue8econdly, the proposal
should consider the different character of renewablergy resources, technology
and geographical difference. Moreover, the propsisauld be able to promote
renewable energy resources deployment and corgribuenewable energy
resources cost reduce.(Commission, 2001)

The directive (2001/77/EC) required member stagu@rantee the origin of
RSE-E. This mechanism provides the transparen&&&-E production. The
mechanism required to provide the full informataifrelectricity produced from
renewable energy resources. For example, elegtaoines from which kind of
renewable energy resources, notify the date angl#tees of the production. The
distributor of the RSE-E shall provide evidenceshow that electricity they sell
is produced from renewable energy resources.

Required member state to gradually eliminate theiaidtrative and
non-administrative barriers to RES-E producersvi@econvenience and
fast-track planning to RSE-E producers. To endugaules are objective to
renewable energy resources when compared witHitradi fossil fuel.

Proposed amount of measures to simplify grid cotmedor RSE-E. Also
proposed to eliminate any potential discriminationRSE-E grid connection and
distribution. The directive (2001/77/EC) requireatle member state to ensure
RSE-E transmission and distribution, also requined operator to give priority

grid connection and generating installation forctleity produced from
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renewable energy resources. It also required tiditrgnsmission operator and
distributor should bear the full cost or the pdrthe cost for grid update to accept
the RES-E. The directive also request each mentasso set up legal
framework for grid operators and electricity distrior related to the cost of grid
connection and grid update. Each member statescshaue no discrimination
when transmits and distribute the electricity pragtlifrom renewable energy
resources.

*  Finally, the directive required the commission tegent a report to the European
Parliament and Council every five year to desctiiteeimplementation of the

directive.

The directive first set up the indicative targatéach member state, however, it
does not set up the legally obligations on memtages. Surly, the Commission set up
the directive to make a guideline role for each oenstate. But in fact, according to
the statistic data from Eurostat, the 2010 indveatarget mentioned in the directive
(2001/77/EC) was not fulfilled. The statistic rasshiows that the electricity generated
from renewable energy resources was 19.7% for Blt¢Rntries) in 2010. The target
was achieved in 2011, which is 21.7%.

Fig.4 Share of renewable electricity in EU (2004-2012)
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The figure above shows the share of electricityegated from renewable energy
resources in total EU electricity generation. Etlesugh the 2010 indicative target
was not achieved, the directive largely stimulatexidevelopment of renewable
energy resources adoption and there is no doubée#th member state progress
varies significantly on the renewable energy adoptiew member states
over-achieving targets and some member statesnyiseir targets (Klessmann,
Held, Rathmann, & Ragwitz, 2011). From 2001/77/m@dive, we have already
seen that EU has showed their determination toldpvyenewable energy. Also, we
saw from the directive that the European governmarg getting more and more
involvements into renewable energy source sectove@ment involvement is
essential in the embryonic phase of renewable gregngrce development, its policy
and measures will protect renewable energy resswace renewable energy
technology from direct competition with conventibeaergy and technology. Without
administrative and fiscal support, renewable enanfjyforce big challenge from
traditional fossil fuel. The directive guide thenesvable energy resources adoption
maintain in the right track.

In 8" May 2003, the directive 2003/30/EC was set uphieyEuropean parliament
and of the Council, which is on the promotion af tise of biofuels or other
renewable fuels for transport. The directive aitngramoting the adoption of biofuels
and other renewable fuels to replace conventiaralih transport sector for each
member state, also with a view to ensure EU to tieetlimate change commitments,
energy security and accelerate renewable energuneess adoption (Commission,
2003). The directive requires each member stagettaational indicative target for
biofuels and other renewable fuels in transportasan 2005 and 2010.These targets
were calculated on the basis of all gasoline aedalifor transport purpose placed on
the markets, the target was set for 2% by B&cember 2005 and another target was
set for 5.75% by $1December 2010 (Commission, 2003). According toddua, the
transport sector accounts for 30% of energy consiomm EU. It is a huge portion
compared with other sector. The directive not ardgsidered using biofuels to

replace conventional fuels but also help EU to@ahiCQ emission reduction, the
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CO, emission from transport sector “between 1990 @id2to around 1113 million
tones, the main responsibility resting with roahssport, which accounts for 84% of
transport-related COemissions” (Commission, 2003). It could help eawmber
state to meet its commitment accepted by the Contynunder Kyoto Protocol. From
Article (4) in the directive we can see that thenitmr mechanism on national and
Commission level was introduced again. Member state responsible to report to
the Commission on what measures had been takecétesate the deployment of
biofuels and renewable fuels to replace traditiqetol fuels, what is the total
amount that transport fuels sold and the shareofdidls and other renewable fuels
account in the total amount of transport fuels stk report had to be submitted to
the Commission before'bf July every year. The directive also requireciber
states to “bring into force the laws, regulation @administrative provisions necessary
to comply with it”. The Member states shall alsdiced to the Commissions that
what provisions they had modified with their nagblaw to adjust with Directive

(Commission, 2003).

Fig 5.
Share of renewable energy in fuel consumptionasfdport (2004-2012)
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Fig 5 shows the share of renewable energy in foilesemption of transport in EU
from 2004 to 2012. The target for 2010 is 5.75%Hgydirective 2003/30/EC,
however, according to the data from Eurostat, Hagesof renewable energy in fuel
consumption of transport in 2010 was 4.8%. Thusakld whole was failed to
achieve its 5.75% target. The latest Renewableggr@pgress report from European
Commission shows that 22 member states are failadhieve their 2010 targets of
5.75% (Commission, 2013).

The statistic result from Eurostat and varieorepfrom European Commission
had demonstrate that none of the blinding targatisodjectives set in 1997 White
Paper, the directive 2001/77/EC and the direct®@3230/EC were accomplished.
The missing target may break down European Comamssambitious to promote
renewable energy adoption in EU and it will muclhdiea for EU to overcome its
multi challenges. Nevertheless, we have to adraitttiese legal documents issued by
European Commission are playing a significant noleecently renewable energy
adoption in EU. During the period when the Whitpgraand these directives were
adopted, the development of renewable energy ressgrowing rapidly and make
EU to be a global leader in renewable energy adop#ilthough, it is icebreaking for
the renewable energy adoption and we saw great\asmient in EU, it is become
clear that these measures proposed in the dirsareenot adequate enough to
stimulate the member states to achieve the 20Xwanle electricity and biofuels
target. Therefore, EU needs some new and striatipslto meet the challenges of
climate change, energy dependence for thiec2htury.

In 10th January 2007, the European Commissgueis a strategic review of the
European energy situation. The Communication tit@ommunication from the
Commission to the European Council and the Europealiament- An Energy Policy
for Europe(Communities, 2007a). The communicatimpleasized the challenges that
EU were facing and introduced a complete set obpean energy police measures.
These measures are also so-called (the energygeckdne communication was
established under EU’s main energy principle aackéround, which is sustainability,

Security of supply and Competitiveness. This pplecivas reflected in the 1996
17



Green paper. The 1996 Green paper emphasized sgyateategy for Europe which
was balancing sustainable development, competgs®and security of supply. In
2006, the Commission issued a Green paper- “A EBamostrategy for Sustainable,
Competitive and Secure Energy’(Commission, 2006 Z006 Green paper set out
the latest realities that EU were facing which@etinuously growing Global energy
demand, EU energy import dependency rapidly inereaisand gas price
continuously growing and world’s climate persiskggetting warmer. In the 2006
Green paper, it directly points out that “Europergergy policy should have three
main objectives” (Commission, 2006) and these thma& objectives with no doubts
are Sustainability, Competitiveness and Securityupiply. We can conclude from
1996 Green paper and 2006 Green paper that thep&amdJnion constantly took
these three objectives as the main principle mid=tirope’s Energy policy. The 2006
Green paper also emphasized that to achieve thesedbjectives, it is critical to put
these three objectives in an overall frameworkhenfirst Strategic EU Energy
Review (Commission, 2006). Thus, the communicasahe part of the movement
begun by the 2006 Green Paper and places enengy psla core of European
Policy.

The communication involves EU’s determinatioméduce worldwide and its own
green gas (GHG) emission to limit the global terapge increase to 2° compared
with preindustrial level and it pointed out thedhten of energy import dependency
the EU were facing. It also emphasized that thersanication will endorse measures
to enhance the competitiveness of the Europeamgnaarket and boosting
investment on improving energy efficiency, promgtnenewable technologies and
contributing to create jobs in Europe.

The Communication of an energy policy for Eurppeposed following strategic
objectives to guide Europe’s Energy policy.

* “an EU objective in international negotiations di%8 reduction in greenhouse
gas emissions by developed countries by 2020 cadper 1990. In addition,
2050 global GHG emissions must be reduced by upO86 compared to 1990,

implying reductions in industrialized countries6if-80% by 2050;
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* an EU commitment now to achieve, in any eventeas$ti a 20% reduction of
greenhouse gases by 2020 compared to 1990” (Contiesyrii007a).
The reason that reducing GHG emission and betaeneentre of the new
European energy policy was based on following nestso
¢ CO; emission accounts for 80% of EU GHG emissions.uried GHG
emissions will bring less traditional energy usd asing more renewable energy.
* Avoid the risk for EU from the highly volatility wéd oil and gas price.
* Enhancing the competitive of European Energy magkeimoting new
technology innovation and creating jobs.
To help the Strategic objectives to be achietteglcommunication endorsed the

following provisions in its action plan.

* Acommitment to achieve 20% reduction of greenh@aseemission by 2020
compared to 1990.

* An objective of improving its energy efficiency B9% by 2020

* Ablinding target of increase the share of renewa&lergy in EU’s overall energy
mix to 20% by 2020 and minimum 10% of biofuels ghiartotal transport

consumption.

The strategic energy plan set out above was catglys anew industrial
revolution. It will Europe into a highly energy efficient afav CO, energy
economic. The energy plan was complemented withcleanges and in legislation
shortly after Lisbon Treaty (Kanellakis et al., 3DIThe provisions mentioned above
were became known as 20-20-20 target or 20-20-2kgge. It is necessary to go
through the 20-20-20 target. First of all, the 2028 target is a long term and
ambitious target. The reduction of 20% greenhoaseegnission by 2020 compared to
1990. It shows the EU’s determination and ambitithasvever, the realistic is not
optimistic. The IEA expects twice more electrioiyl be produced from coal by
2030, the burning of the coal will potentially rate approximately 5 billion tones of

CO,, representing 40% of potential increase,@@issions. Also, with rapidly growth
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of world energy demand, the total g€nission will increase 60% by 2030
(Communities, 2007a). The European Union needs atradlactions to achieve this
GHG 20% reduction. Secondly, as we can see frorprgous directive, EU had
failed to achieve the indicative target of 12% shafrrenewable energy by 2010. Also
it failed to achieve the target of directive 200AlEC and directive 2003/30/EC. By
2020, the share of renewable energy accounts fidr &the total EU energy
consumption seems like facing huge challenges.cobeof renewable energy still
higher compared with conventional energy, moshefdonsumers are not prepared to
pay a higher price for a public goods which evegyaiill be benefit from (Menanteau,
Finon, & Lamy, 2003). Nevertheless, with technic@lovation, economics of scale
and market competition, the cost of renewable gneag decreased significantly, in
some well development country of renewable enatgygn compete directly with
traditional energy in the energy market. It is gdprogress for renewable energy
adoption in European market. In general, EU as @ewvs still lack of effective policy
to support renewable energy development. Curremtly, a limit member states had
made significant progress on renewable energy amgpest of the member states
still need fiscal and policy support to developewable energy resources. Due to the
cost of renewable energy resources and lack ofyslipport, the increasing the
share of renewable energy to 20% of total EU ensrgyby 2020 will not expected

to be achieved without strengthened political sup(iGtzing, 2012).

In the same day, the European Commission propd3edéwable Energy Road
Map Renewable energies in the'Zentury: building a more sustainable future”
(Communities, 2007b). The Road map is integral piitie First Strategic European
Energy Review which agreed by European Council @ndil 2007. The road map
stetted out a long-term framework for renewableg@ne European Union and aims
at accelerate renewable energy deployment in Eig olbviously that EU had
achieved huge progress on renewable energy adadtemproposed directive
2001/77/EC and directive 2003/30 /EC, however, fthenprojection of renewable
energy deployment, EU is hardly to meet its 201@etia(12% of renewable energy

share in total EU energy consumption). The Eurof&amcil realized that strengthen
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rules must be implemented in order to ensure mesth&gs to achieve their
indicative targets of the energy package. The Réap proposed to establish a
mandatory (legally blinding) target for renewabtergy to be account for 20% of
EU’s total energy consumption by 2020 and a minimarget of 10% for biofuels. It
also proposed a new framework to support and aeteleenewable energy adoption
in European Union. The Road Map pointed out sora®fa which may prevent EU
meeting its 2010 target. These factors include bagt of the renewable energy,
administrative burdens installation proceduresdiadrimination for RSE-E grid
access. It also emphasized that the old framewdHowut legally blinding target only
made progress in some member states, the old frarkemduced the varies
development of renewable energy among member sthe=e drawbacks greatly
blocked European Union achieve its 2010 targetsé&ltzawbacks also convinced the
European Commission to believe that the legallyinig targets will be a great
catalyst to help Member states to achieve its 2@@€argets. In 2007, the EU
proposed to Member states to have an agreemernisbariTreaty. The Lisbon Treaty
imposed Article 194 to establish legal basis for &ixhe energy filed. The Treaty
implemented from *tLof December 2009, the Treaty ensured the poweE{fbon
energy sector legislation. The Article 194 aim¢ltpensure the security and function
of EU’s internal energy market; (2) improve eneeffjciency and promote renewable
energy development and renewable energy innovéijpimprove interconnect
existing energy network (Kanellakis et al., 2013).

In order to achieve the 20-20-20 targets by 2@28Furopean Union proposed
Renewable Energy Directive 2009/28/EC on the pramatf the use of energy from
renewable sources and amending and subsequengiglirgpDirective 2001/77/EC
and 2003/30/EC (Commission, 2009). The directival#shed a new common
framework regards to promote renewable energy amgptduce greenhouse gas
emission and improving energy efficiency. The ariding measure of renewable
energy directive 2009/28/EC was sets mandatory k@geding target for each
member states. Such national overall targets arsistent with the overall 20-20-20

target for the community, the mandatory legal bigdiarget requires the overall share
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renewable energy account for 20% of EU total eneansumption by 2020. The

mandatory legal binding target also requires tlaesbf renewable energy in

transport sector must achieve to at least 10%eofdtal energy consumption in EU.

The mandatory national overall targets in the raatde/energy directive were divided

among the member states and the target was gigahdw@tues in community

legislation. Besides the mandatory national oveaagjets, the following provisions

were endorsed in the renewable energy directive:

Required member states to establish National reloleveaergy action plan
(NREAP) which set the share of renewable energgwmed in transport,
electricity, heating and cooling in 2020. The phed to consider the effects of
other energy policy regard to the energy efficieanythe final energy
consumption.

Member states may agree and make statistical amokh specified amount of
energy from renewable energy resources to one nrestdtte to another. Member
states also may build joint projects between edlsbrpthe member states could
corporate on a joint project concerning the proucof electricity and heating
from renewable energy resources.

Member states may joint projects with an third daes regard to the production
of electricity from renewable resources, and thegqut could also involves
private operators, however, for the joint projdmsnseen member states and third
countries, the electricity must be consumed inGbenmunity and must be
produced from a newly installation that operatedra2s" June2009.

Member states could agree on joint support schefysea.results, a certain
amount of energy from renewable energy resourceduged in one member
states may count towards the national overall tavhanother participate
member state.

Ensure member state to guarantee the origin ofreiég produced from

renewable energy resources.
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Member states should take procedure to completettaasmission and
distribution infrastructure in order to fulfill thexpand capacity of future
produced RSE-E.

The directive take account of the biofuels andiquotls for achieve the
long-term target, it required the usage of biofwald bioliquids should contribute
to the reduction of greenhouse gas emission at%¢&§%. By ' January 2007,
the reduction of GHG emission contributed from be&$ and bioliquids should
be increase to 50% and increase to 60%°hjahuary 2008.

Member states are request to submit a compreheregpeet to the Commission
on the progress of the renewable energy adopti@ibpecember 2011 and
afterward every two years. To start with, the régbould include the share of
energy produced from renewable energy in the vestyears and what measures
did members states implemented to stimulate thewahle energy development.
Secondly, it should also includes what support s@sewere used from member
states to promote renewable energy resources, nesabiat had been taken to
eliminate administration barriers and ensure taesmission, distribution RES-E.
Thirdly, it covers the statues of biofuels devel@minand impact of biofuels
production. At last, the report should provide #séimated excess energy
produced from renewable energy and estimated dewfagrkergy from
renewable resources to fulfill member states’ damesergy production.

The European Commission was request to monitor reesthtes’ progress
toward the 20-20-20 targets. The Commission shsulonit a comprehensive
report which includes the analysis and comment fne@mber states’ report. It
should contain what measures member states imptech&mpromote renewable
energy and the latest renewable energy deployntatuiss Moreover, the estimate
impact of biofuels and bioliquids adoption and prcttbn in the community, the
number of greengas reduced by using biofuels shaladinvolved in
community’s report. The future energy policy iscatsentioned, the commission

shall propose a Renewable Energy Roadmap for tsie20 period. By 2021, a
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report shall be presented by the commission ty feNiew the application of this
directive.

* Directive 2001/77/EC and Directive 2003/30/EC Wi replaced by this
Directive 2009/28/EC from®1January 2012.

It was a great achievement that member statéeiBuropean Union agreed to
legally binding national targets for renewable ggyelhe directive created a new
framework for community to reduce GHG emission pr@mote renewable energy
deployment. It established the mandatory Nationatall targets and indicative
trajectory for member states in European Unionatlyeachieved the progress of
renewable energy development. After the impleméthedirective, the renewable
energy growth significantly, according to the data analysis, the EU as a whole is
on its track to achieve the 2020 targets, howesgne member states need to make
more effect to achieve its own target (Commissiii,3).

Table 2 shows the national overall targets féfedent member states in the
directive 2009/28/EC and table 3 includes that datkected from the Eurostat. The
calculations of estimated indicative trajectory wased on the formula from the
directive ANNEXI (B). The formula was stated in Annex below. Ascae see
through the Table.3, most of the member statesalgagnificantly progress on
renewable energy growth after the directive impleteeé and most of them keep the
same direction as indicative trajectory requirdae§e member states achieved 2%
more than indicative trajectory or even more th@n Ex: Austria, Bulgaria Germany,
Denmark, Estonia, Italy and Sweden. Some of the Ineerstates also had great
progress, there actual average target is betweeant?2% more than indicative
trajectory, countries such as: Belgium, Ireland Bodugal. Surprisingly, we can see
from the table that some of the countries are béhmandicative trajectory and these
countries (France, Netherland and UK) are all dgsedi countries with
well-functioned support mechanism and energy mafgethe trajectory grows
steeped in the future, France, Netherland and Wi me undertake more effects to

achieve the indicative target and lead the EU loea® the 2020 targets.
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Table. 1

Indicative Trajectories

Actual Estimate Difference
Trajectory(  Trajectory between
S0 So00 0 Soun So12  average for  (average for  actual and
2011 to 2011 to estimate
2012) 2012) trajectory
Austria 23.30% 34% 30.8% 32.1% 31.45%  25.44% 6.01%
Belgium 220% 13% 52% 6.8%  6.00% 4.36% 1.64%
Bulgaria 9.40% 16% 14.60% 16.30% 15.45%  10.72% 4.73%
Cyprus 2.90% 13%  6.0% 6.8%  6.40% 4.92% 1.48%
Czech
6.10% 13% 9.30% 11.20% 10.25%  7.48% 2.77%
Republic
Germany 5.80% 18%  11.60% 12.40% 12.00% 8.24% 3.76%
Denmark 17%  30% 24%  26%  25.00%  19.60% 5.40%
Estonia 18%  25%  25.60%25.80% 25.70%  19.40% 6.30%
Greece 6.90% 18% 10.90% 13.80% 12.35%  9.12% 3.23%
Spain 8.70% 20%  13.20% 14.30% 13.75%  10.96% 2.79%
Finland 28.50% 38% 32.7% 34.3% 33.50%  30.40% 3.10%
France 10.30% 23%  11.30% 13.40% 12.35%  12.84% -0.49%
Hungary 430% 13% 9.1% 9.6%  9.35% 6.04% 3.31%
Ireland 3.10% 16%  6.60% 7.20%  6.90% 5.68% 1.22%
Italy 520% 17% 12.3% 135% 12.90%  7.56% 5.34%
Lithuania 15%  23%  20.2% 21.7% 20.95%  16.60% 4.35%
Luxembourg  0909% 11% 2.9% 3.1%  3.00% 2.92% 0.08%
Latvia 32.60% 40% 33.5% 35.8% 34.65% 34.08% 0.57%
Malta 0.00% 10% 0.7% 1.4%  1.05% 2.00% -0.95%
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Netherlands

Poland

Portugal
Romania
Sweden

Slovenia
Slovak
Republic
United
Kingdom

2.40%

7.20%

20.50%

17.80%

39.80%

16%

6.70%

1.30%

14%

15%

31%

24%

49%

25%

14%

15%

4.3%

10.4%

24.5%

21.2%

48.8%

19.4%

10.3%

3.8%

4.5%

11.0%

24.6%

22.9%

51.0%

20.2%

10.4%

4.2%

4.40%

10.70%

24.55%

22.05%

49.90%

19.80%

10.35%

4.00%

4.72%

8.76%

22.60%

19.04%

41.64%

17.80%

8.1%

4.04%

-0.32%

1.94%

1.95%

3.01%

8.26%

2.00%

2.19%

-0.04%

Note: 1. Sorzand Sororepresent the share of energy from renewable seimagross

final consumption of energy in 2011 and 2012. (Ktat 2014b)

2. The Formula of Indicative trajectory wasted in Annex.

3. Actual average values based on arithmesiamm

26



2.2 China renewable energy polic

2.2.1Current Primary Energy Consumption in China

Figure. 6

Primary Energy consumption share of different ey resources by China in 2C

Share of Primary Energy Consumption by
China in 2012
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Note: Data collected fror(C. N. R. E. Center, 2012), figugenerated by auth

As we can see from the figur, the primary energy consumptiproportion by
China in 2012, the main energy consumptiorrce is coal which accounts for 66.2
of the total energy consumption in China. The resdder energy resources whi
accounts for 9% of the total energy consumptiopdh2, China committed n-fossil
fuel achieve 11.4% of total energy consumption @¥32:nd thenumbers in 201
showsChina is in a good trend to fulfill its commitmefiven though, China is on |
way to meet its 2015 commitment, we can still e the hydro power accounts
the major part of the renewable energy consumptuamd, soli and biomass onl
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accounts for 1.2% of the total primary energy comgtion, therefore, there is great

potential to develop wind energy, solar energy laindhass energy.

2.2.2 Two stages of China’s renewable energy polidgvelopment

Before we further explore China’s renewable ep@alicy, it is necessary to
illustrate its overall renewable energy policy. Tieinese government holds different
view of renewable energy resources developmenfferent periods. China’s
renewable energy development initially starts fitie ninth FYP and the government
has established some renewable energy programsiia siral areas in mid-1990s,
the renewable energy resources were mostly uskdadimg and small hydro power
station. The renewable energy resources were nsgiwgapromoted until 2005, after
the Renewable Energy Law implemented, the renewaidegy deployment had a
stunning growth in China. China has reached a reabéa achievement on renewable
energy resources promotion from 2005 and becamiedldéng player in the world.

As a consequence, we may see year 2005 as the giwidt of China’s renewable
energy development. Thus, we can divide China’swable energy policy
development in two stages, which are prior yea528td after year 2005.

The Chinese renewable energy policies basicallgdinto three layers, which are
the first-level policy, the second-level policy athe third level policy. The central
government establishes and legislate the first lawé the second level policy. The
different local governments including provinciavéd, municipality level and county
governments carry out different measures and alito stimulate renewable energy
adoption and deployment. These measures and oéioieunder the principle and
direction of the central government.

* The first-level policy: provide national guidanaedadirections for Chinese
renewable energy industry and renewable energytaadop

* The second-level policy: clearly set the objectinel target for renewable energy
adoption and development in China, specify plansdnewable energy industry

develop and renewable energy adoption in the wtalatry, establish
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framework and specific provisions to support rernae@nergy technology
innovation and to achieve the energy target. Thers®level polices build a solid
foundation for renewable energy adoption and rebé&vanergy industry
development in ChindSecond-level policies have played a very importaite

in promoting renewable technologies in China”(NRE2D04)

* The third-level policy: mostly established by prosial or municipal
governments. It clearly set the support schemérwtate local renewable
energy adoption and local renewable energy engarpievelopment. In addition,
it also provide specific and detail guideline feveloping renewable energy and
its adoption. The third-level policy provide botedal and administrative scheme

to help renewable energy compete with traditionatil fuel energy.

These three levels policy established the generswable energy policy in China.
The general policy made China become the leademiewable energy production

and renewable energy investment in the world(NREI04).

2.2.3 China’s renewable energy policies prior ye&2005

Since 1978, the economic reform implemented in &h@hina experienced the
significantly economic growth and became the sedargg&st economic in the world.
The huge consumption of energy resources and semgn®nment issues have arisen
Chinese government’s notice, meanwhile, Chinaedalgest developing country in
the world and two thirds of its population livestire rural area. Electricity shortage
has become a critical barrier for remote and rarehs development. As a
consequence, renewable energy resources becoroktite solution for electricity
shortage in rural areas. Since the late 1970s,eShigovernment gradually
implemented some polices to promote the renewaldegg resources adoption in
remote and rural areas (Peidong et al., 2009) pblieies aim to support renewable
energy resources by incentive subsidiary, espgd@llthe form of biogas in most of
rural areas of China. In mid-1990s, Chinese govenirhas realized that China have

huge potential natural advantage to develop renleveatergy resources, such as wind
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power, solar power, hydro power and biogas. Duttigtime, some renewable
energy project and programs were established bgeh&al government in order to
contribute to the sustainable development in CHtoathermore, the government
largely increased the support for renewable energynology research by fiscal
funding and project subsidiary. Governments alsoyaaut measures, such like
subsidiary and tax reduction to promote renewaldéggy adoption and stimulate
renewable energy industry development. Moreovdh thie concern of the rapidly
growth of the environment issues, the governmetabéshed laws, regulations and
administrative regulations to stimulate renewalnlergy development, in addition, the
support schemes objects also expand to wind ensstar, energy and biofuels.

In 1995, the National People’s Congress Stan@ioigmittee passed thdectricity
Law of the People’s Republic of Chinawas the first law specific on energy and
electricity sector. In Article 5, Chapter 1 the @mal Rules, it emphasized that
national government encourage and support to adoptvable energy resources to
generate electricity. Article 48 states that natlajovernment encourage and support
local governments to utilize solar power, wind pgvwgeothermal energy and biofuels
for rural areas energy and electricity supply (Catte®a, 1995). Th&nergy
Conservation Law of People’'s Republic of Chivess passed by National People’s
Congress, Standing Committee in 1997 (amended0i)20he energy conservation
law also stated that national government encouaadesupport to develop and utilize
renewable energy resources in Article 7. The eneoggervation law also
emphasized in Article 59 that national governmerogeirages and supports to utilize
biogas, biofuels, wind energy and solar energgmate and rural areas(Committee,
2007). Another legal document that refers to tlwmtion of renewable energy
resources walsaw of People’s Republic of China on the Prevenéind Control of
Atmospheric Pollutionwhich implemented in 2000. In Article 9, it statidwht national
government encourage and support scientific aftthtdogy research which benefit
to control of the air pollution, in addition, thatitonal government support and
encourage to utilize solar energy, wind energylayato energy. In Article 25,

department under National State and local governsteyuld take proper measures to
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improve urban energy consumption structure, maketdb promote the production
and adoption of renewable energy resources(Conan2@&00). These laws had
stipulated that utilize renewable energy resouacespromote renewable energy
adoption were supported and encouraged by thenahigmvernment. The State
Departments also carried out series of regulaonsdocuments, such Bith
Five-Year Plan and 2010 Plan of Energy Conservasiod New Energy Development,
Ninth Five-Year Plan of Industrialization of NewdaRenewable Energy, Tenth
Five-Year Plan for New and Renewable Energy Comaiaation Development and
Rural Energy Development Plan to 2020 for WesteeaAf China These rules and
regulations mainly focus on the aspects of renesvabérgy future development plan,
renewable energy industry develop, future renewabégy adoption goal and
renewable energy'’s role in energy saving and @@ission reduction(Peidong et al.,
2009).

General speaking, prior 2005, China’s renewabé&gy progress was based on the
policies which lack of systematic, stably and sinstlaility. No materElectricity Law
of PRCor Energy Conservation Law of PR Law of the People’s Republic of China
on the Prevention and Control of Atmosphgtiese laws only stipulated that
National government encourage and support to aetiienewable energy in general
and seldom mentioned any effective detail meadorpsomote renewable energy
adoption in China. Meanwhile, the incentives preddy the government are not
tempting enough to attract state-owned enterpasesivate enterprises to massive

invest on renewable energy in China.
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2.2.4 China’s renewable energy policies after ye&005

Renewable Energy Law of PRC

The new stage of China’s renewable energy develapsiarts from 2005, at the
same time China took a big step towards estabtishilegal framework by
implemented oRenewable Energy Law of the People’s Republic aiaCds the first
law regards to renewable ener@iile Renewable Energy Law (REL) was passed by
the Standing Committee of National People’s Corgoes28' February, 2005 and
effective on ¥ of January 2006. The purpose of establishing RebeEnergy Law
was stated in Article 1, which is to promote thealepment and utilization of
renewable energy resources, enhance energy supphgve energy structure,
guarantee energy supply security, protect envireriraed achieve the sustainable
development on social economic development. Alsdyiicle 4, it states that national
government will place the development and adoppiorenewable energy resources
as priority, the government should also establistré goal for renewable energy
development and adopt effective measures to prothetestablish of renewable
energy market and its development (Congress, 200&) passage of Renewable
Energy Law shows Chinese government’s determinatidoring in new energy
concept into its traditional energy structure temmome the huge energy demand from
the spectacular economic growth.

The Renewable Energy Law shows renewable energgla@went in China has
first time got on a track under the legislationdglines and it established a legal
framework for stimulate renewable energy developgnrefhina, by stipulated
several mechanisms to support and stimulate redewealergy growth in China
(Schuman & Lin, 2012).

* National Government establish renewable energetdoy its future
development and establish future renewable energgldpment plan to
achieve and fulfill the future target.

* Set on-grid price for renewable energy electriatgording to different region

and different character of renewable energy ressuiClearly defined the
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priority for renewable energy electricity connectgtl. The grid operators are
required to purchase all the electricity produaednfthe authorized renewable
energy generators.

* National Government encourage to construct off-ggitewable energy
generator to produce electricity in remote andlrareas and encourage private
enterprise and individual to install solar heagetar pv system.

* Set up Renewable Energy Development Special Fuadgport and cover
activities such as research for renewable eneaipntdogy to promote its
utilization and development, Standard setting,tglograms, the adoption and
utilization of renewable energy in remote and raralas, detect and evaluate
for renewable energy potential and information exysestablish.

* Loan and tax reduction mechanism for authorizedweatle energy projects
(Congress, 2005).

The Passage of Renewable Energy Law significaittyulated the development of
renewable energy in China. As follows, national@ovnent implemented relevant
supporting regulations and laws. Wind, solar enettgization and wind, solar energy
industry had an outstanding growth. Renewable Bnleagv had become the

fundamental of Chinese renewable energy development

The Mid-and Long- Term Plan for Renewable Energy

In order to accelerate RE development, face tialenge of climate change, the
National Development and Reform Committee annoutioed/id- and Long- Term
Plan for Renewable Energly 2007. The plan is the first national plan sethwy
government for stimulate renewable energy develapifiéong, Zhou, Fridley, &
Raczkowski, 2013). It set the future RE consumptarget for 2010 and 2020 which
Is increase the share of RE consumption in totatggnconsumption from 7.5% in
2005 to 10% by 2010 and 15% by 2020 (NRDC, 200§ Flan also set the future
RE installation target for 2010 and 2020 (see Tapl&oreover, the plan set various

measures to guarantee the future 2010 and 2028tdagbe achieved.
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* Set Mandatory Market Share (MMS) target for Non-Hyrenewable energy
electricity. The non-hydro renewable energy eleityrishall accounts for 1% of
the total gird capacity by 2010 and 3% by 2020.

* Increase fiscal funding and tax reduction.

¢ Complete RE industry and stimulate RE technologyetigpment.

-Tr?]belitljtire RE installation targets, the Mid- ancdhgoTerm Plan for Renewable Energy
2005 2012
Cumulative 2010 2020 Cumulative
Installed Volume Target (GW) Target (GW) Installed Volume
(GW) (GW)
Hydro-Po 117 190 300 248
wer
Wind-Pow 1.26 5 30 62.7
er
Biomass 2 5.5 30 7.7
Power
Solar PV 0.07 0.3 1.8 4.2

Note: Data collected from (NRDC, 2007) and (C. NERCenter, 2012), table generated by

author.

The Mid-and Long-Term Plan for Renewable Enengatly stimulated the
renewable energy development in China. As (Schugniim, 2012) mentioned in
their paper, the 2020 installed capacity targetsiod power has already achieved by
2010, in addition, (Hong et al., 2013)express girtpaper only after 4 month of
implement of the plan, the 2010 wind energy tab§e¥V was surpassed. We can also
see from the Table.2 that the 2012 installed c&patiwind energy has significantly
overpass the 2020 target as well, the installedagpof wind energy in 2012

reached 62.7GW, compared with 2005, it has incckabeost 60 times. Solar energy
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also experience an explosion growth, in 2012, threwdative installed capacity was
4.2 GW, compared with 2005, the growth rate ofalstl capacity of solar energy
increased 881%. These data shows that China erperiegh growth rate of
renewable energy and the policy makers need tkiyuacljust their setting targets in

their future rules and regulations in order to dvbie targets be easily surpassed.

Eleventh FYP for Renewable Energy

In order to adapt to the rapidly development BSRn China, the National
Development and Reform Committee announced tfeFie- Year Plan (2006-2010)
for Renewable Energy on ®&/arch, 2008. The plan shows that improve the sbfire
renewable energy in total primary energy is thepoprity during the 11 FYP.
Compared with the Mid-and Long-Term Plan for Renged&nergy, only the wind
energy target for 2010 was amended. In the new hanwind energy target for 2010
was increased to 10GW, other type of renewableggrtargets for 2010 remains the
same (see table. 2). As (Hong et al., 2013) meation their paper, by the end of
2010, the actual installed target for Hydro enevggpd energy and solar PV had

surpass the initial 2010 targets.

Table.3

2010 RE target from I1FYP

Cumulative 2010 Target Cumulative
Installed Capacity (GW) installed Capacity

2005 (GW) 2010 (GW)
Hydro-Power 117 190 216
Wind-Power 1.26 10 31
Biomass 2 5.5 5.5

Power

Solar PV 0.07 0.3 0.8

Note: Data collected from (T. B. 0. E. a. C. RCenter, 2012), table generated by author.
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The Amendment of the Renewable Energy Law

President Jintao, Hu made the commitment on bel#ife Chinese government in
Copenhagen climate conference. The Chinese govetrsommit to the world that
by 2020, the share of non-fossil energy will acadon15% of the total primary
energy consumption. Also Chinese government mdleesammitment that by 2020,
the Carbon intensity (C{Qemission per unit of GDP) will reduce 40%-50% camgal
with 2005. Chinese government commits to makediidirt to achieve these targets
by 2020 (China, 2012). In order to fulfill this comtment, Chinese government need
to implement new laws, rules and regulations.

After implemented the Renewable Energy Law, winergy and solar energy had a
significantly growth, however, serious problems eomith the fast growth, according
to NDRC, in 2008, about 40% of electricity produdesm wind energy unable to
connected with grid. To restrain the over speedraathtain the healthy growth of
Chinese renewable energy utilization and developntlea National People’s
Congress, standing committee passed the amendofdRénewable Energy Law of
China on 28 December, 2009. The amendments of Renewable Ehamffect on
1 April, 2010. The amendments aim to restrain ox@tasion of renewable energy
utilization and renewable energy industry develophie China.

* Strengthen national government oversight on reneaiergy project
permission caused by the unbalance developmeninof @nergy and solar
energy after 2007. In the amendment Article 8,aversight right for
renewable energy project planning and permissianamaended from the local
government to provincial government. In order grtsto construct the project,
the provincial government has to further registerproject with the energy
department of State Council and National Elecyio#gulation authority. The
new measures aims to restrain the over explosiétEgbroject development.

* InArticle 14, national government implements RE§uarantee purchase
policy, setting the minimum RES-E purchase targegfid operator. The grid

operator no longer requires purchasing all the EH&m the renewable
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energy generators as mentioned in the original Rehke Energy Law. In
Article 14, it also shows the grid operator shakisgthen smart grid
construction in order to maximum capacity to reedRES-E in the future.

* InArticle 24, National Government establishingeemable energy
development fund in order to maintain the grid apars enthusiasm on
purchasing RES-E, strengthen renewable energy al@weint in China and
support RE project development in remote and raneh (Congress, 2009)

The amendments of renewable energy law are muach facus on governments

function on coordinate and guidance on renewaldeggrdevelopment. The
renewable energy law also provides efficient sohdifor the challenge of the
renewable energy in which the government confrantsfurther strengthen China’s

legal framework on renewable energy.

Twelfth FYP for Renewable energy

As we mentioned previous, the™lRYP emphasized that the share of non-fossil
fuel will accounts for 11.4% of the total primanyezgy by 2015 and the share of
non-fossil fuel will accounts for 15% of the topimary energy by 2020, energy
intensity reduce 16% and G®mission reduce 17% compared with 2010. Under the
guidance of the Renewable energy Law and 12th ¥ze-Plan, the National
Development and Reform Committee carried out ttia ER/e-Year Plan for
Renewable Energy on August, 2012. The plan sedritg@tious target for different
type of renewable energy source by 2015 and rendwee020 setting targets (see
Table.3). The plan shows that the newly install@gacity for renewable energy
should totally reach 160GW during the™RYP period (2011-2015) and we can also
see from the table 3 that the setting target bysZ6d.hydro power, wind power, solar
PV and Biomass is 290GW, 100GW, 21GW and 13GW.plae also set the targets
of five year period (2011-2015) for renewable egedyring this five year period, the
installation capacity for Hydro, wind, solar PV adpnidmass should reach 61GW,
70GW, 20GW and 7.5GW respectively. The plan emgledsio focus on important

big scale project construction, such as hydro pgsaart, wind farm, off-shore wind
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farm and solar PV plant. The plan had carried outesprovisions to support
renewable energy development:
* Promote decentralized grid system to fulfill theattareas energy demand.
* Develop smart grid system, strengthen smart gnitept to grid end user.
¢ Complete the whole value chain of RE industry astdldish innovation
technology for RE industry. Enhance talent resanader to fulfill the labor
requirement created by RE development.
Table. 4

RE targets from 12th YFP for renewable energy dsreknt

Target by Target by Planning Cumulative
2015 1% 2020 1% Installation during Installed
FYP(GW) FYP(GW) 12" FYP Capacity 2012
(2011-2015) period (GW)
(GW)
Hydro-P 290 420 61 248
ower
Wind-P 100 200 70 62.7
ower
Solar 21 50 20 7.9
PV
Biomass 13 N/A 7.5 7.7

Note: Data collected from (T. B. 0. E. a. C. R(enter, 2012) and (C. N. R. E. Center, 2012),

table generated by author.
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2.2.5 Conclusion

Energy supply security, C@mission reduction and reform primary energy
structure is the strategy for Chinese renewableggnafter the implemented of
Renewable Energy Law of People 's Republic of Chigr@ewable energy resources
have experienced a bullet speed growth. As we earfrem table.4, the cumulative
installed capacity of different types of renewadateergy in 2012 has already
surpassed the 2020 targets that stipulated in BQ@fFe Mid- and Long Term Plan for
Renewable Energy. Compared with table.4 that tineutative installed capacity in
2012 has reached the setting targets from tHe=YP for renewable energy,
especially hydro and wind energy, greatly surpa$isedetting targets, the data had
illustrated that China is making great effort tvelep renewable energy resources
and through renewable energy to solve the probkrmk as air pollution, electricity
shortage in rural areas.

Even though the 2012 cumulative installed capahtywed a positive trend on
reach the 2015 targets, we also noticed that @isceexist numerous problems for
China’ renewable energy development, such as rdvleveaergy industry over
expansion, grid connection issue, administratiomidas for project permission and
region protectionist. To achieve the target of 18%re of non-fossil fuel by 2020, the

Chinese government needs to make more effort.
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3. Comparison between China and EU renewable energy

policy frameworks.

It is no doubt that European Union is taking ldeeing position on renewable
energy utilization and policies setting. Meanwhi#ina has the most cumulative
installation capacity of renewable energy and dlsothe country who invests the
most on renewable energy resources in the worltN(®R. E. Center, 2012). After the
implement of Renewable Energy Law, China has aeldi@emarkable achievement
on renewable energy development, however, the drekgof Chinese renewable
energy policies still exists. Therefore, it is nesary to review China’s renewable
energy polices and compared with European UnicomFaur review about renewable
energy policy in European Union and China, we aarclude that they have the
common features about renewable energy policy, asdetting development targets,
fiscal funding for renewable energy project anapty for renewable energy
electricity grid connection. As (Schuman & Lin, Z2)Inentioned in their paper
“China appears to have the most unified, top- dapproach to implementing
renewable energy policies and programs, whereaSlthieave a greater degree of

autonomy and diversity among their member statésrim of renewable energy

policy”.
3.1 Legislation difference

3.1.1 Renewable energy legislation in EU

Compared with China’s RE legal documents letiaia European Union had
shown a great difference. The European Union takegrehensive and research
before RE legal documents legislation. The reseanchinvestigate results will
announced through “green paper” or “white paperder to accept the feedback
from the member states. The European Union williflgadde document based on the

feedback and opinion from the public, researchtutgins and member states, these
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modifications were adopted by the Directives andWRaions. (Cheng, 2012). It is an
indispensable precondition that all the membeestathieved the agreement that EU
could implement its legal documents. Therefore ntieenber states could fully debate
and discussion on the legislation. With the corsisy among the member states, the
legal documents could obtain the greatly suppattitis easier for each member

states to execute and implement.

3.1.2 Inadequate research before renewable energggislation in China.

Recently, China had made progress on renewablgitegislation, such as
implemented of Renewable energy Law and the Amentrad Renewable energy
law, however, Chinese government still has drawbacklegislation of renewable
energy. Before legislate the legal document, ti@eregovernment inadequate on
information research and investigate on the renenatergy development potential
in different region of China. As we can see abadlve frequently modified on setting
future renewable energy targets demonstrate tHaiggmakers are lack of research
and investigate. On the other hand, the local gowents are seldom able to
participate and debate about the renewable eneggy iocuments legislation, and
the local governments are not able to coordinatitth central government. Hence,
the legal documents and regulation carried out wighfficient discussion and
demonstration. In addition, the public and privat¢erprise are seldom to have the
opportunities to express their opinion about theeveable energy development. In
addition, there exists inconsistency of central lmcdl polices. As a consequence,
when the renewable energy legal documents implesdeittis difficult to get the full
support and execute from the local governmentsafgienterprise and the public. It
is critical for Chinese government to focus on phe-legislation, which means
strengthen research and investigate, general adifggrent opinion and feedback
from local governments and the public in ordertbmslate Chinese renewable energy
policy more effectiveness, consistent and centmaégiment with the local

governments could coordination on future renewahkrgy’s sustainable
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development. The National Energy Administration &iina National Renewable
Energy Center was founded in 2010 and 2012, reispéctThe establishment of
these organization aims to provide national stsatexsearch and investigate

information for policy makers.

3.2 Renewable energy legal framework difference

3.2.1 The completeness legal framework of renewabdmergy in EU

In 1 December of 2012, the implemented_afbon Treatyestablished EU’s
foundation on energy legislation. The legal framedwa EU clearly divide into four
parts which are renewable energy resources, esexgyg, energy efficiency and
energy market competition (Cheng, 2012). The lagmh in EU not only set up the
strategic for the whole energy sector, but alsoesout rules and regulations for
different energy resources adoption. After twoloeé years, the European Union will
announced a review for the previous implementegctlire or regulations, to inspect
the progress of the previous directive or regufetim order to keep the member
states achieve the setting targets. Meanwhileizthrepean Union is also keep modify

the policies to fit the new status of renewablergpeevelopment.
3.2.2 China need to unify its renewable energy packs.

As the special political system and national ¢oorls of China, energy sector was
administrated by administration measures, so dueehewable energy resources.
Currently, there are numerous administration depamts involving establishing
different renewable energy polices, such as NDRatiddal Energy Bureau and
Department of Agriculture. When different departisesind local governments
establish renewable energy regulations or policiegjequate coordination appears,
in occasion, it also appears the contradiction betwdifferent documents or
regulations. Inadequate coordination will no doafiect the effectiveness of

renewable energy laws and regulations; therefore critical for central government
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to unify the legal framework on renewable energgcéhtly, China has implemented
some legal documents such as Renewable Energy hdk@ergy Conservation Law;
these legal documents effetely promoted the renlkeveatergy adoption and develop
in China. But the general situation is not optimistherefore, China needs to
establish a unified and long-term legal framewankréenewable energy’s sustainable

development.

3.3 Law enforcement Difference.

3.3.1 Strong enforcement power on renewable enerdggislation in EU

European Union Commission implemented the legalioh@nts, setting future
targets and forward to member states governmeniremaber state governments set
these regulations targets into their national lawdhieve the target. If the member
states fail to achieve their targets, the memizgestwill be sued to European court.
Most of directives about renewable energy in Euaopénion contains administration
measures to supervise renewable energy developthesg measures have greatly
improve public’s confidence on renewable energy\aitd public’'s support, the legal

document in EU will more easy to enforce.

3.3.2 Inadequate enforcement on renewable energygislation in China.

As we mentioned above, (Schuman & Lin, 2012) egpiin their paper that “China
appears to have the most unified, top- down appré@aanplementing renewable
energy policies and programs”. However, the situais quite different in reality, the
inadequate enforce power has reduced the effeetbgenf renewable energy
legislations, many rules and regulations are untbbe achieved. For example, the
amendments of renewable energy law strengthenltigation of grid operator to
upgrade their gird in order to accept renewablegnelectricity; however, most of
the grid operators ignore the requirement or déiaygrid connection has result gird

connection issue for renewable energy resourcesn@;2012). Take wind energy as
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an example, about 25% to 30% China’s wind turbaresnot able to connect with the
grid (Schuman & Lin, 2012). Besides, the rapid gtoof renewable energy
utilization also result large low quality produéisod into the market and the
authorities did not fulfill their supervise duty tme market. Therefore, it is a urgent

issue to ensure the enforcement power on reneweaklgy legislations.

3.4 Polices difference on Power Grid.

In Directive 2001/77EC and Directive 2009/28/H@ European Union set
numerous provisions for grid operator for accepSHE such as simplify grid
connection for RSE-E, eliminate any potential danation for RSE-E grid
connection and distribution. Grid operator havgite priority grid connection and
generating installation for electricity producedrfr renewable energy resources, grid
transmission operator and distributor should bearfull cost or the part of the cost
for grid update to accept the RES-E, etc. Theseigioms stipulated grid operators
have to ensure the gird connection for RES-E.

In China, the grid bottleneck had become a set@user for adoption RES-E. In
the amendments of Renewable Energy Law, it statgyrid operator shall set the
minimum RES-E purchase target for grid operatomveileer, the current Renewable
Energy Law has no detail procedures on grid commrechAs most of the grid
operators in China are state owned- enterpris@e, riiaivation to accept the RES-E is
not strong enough compared with traditional elettiri Hence, it is more difficult for
RES-E connected on grid and the RES-E operatores toalvare the economic risk by
themselves and it will also decrease renewableggneyvestors and operators’
confidence. Therefore, “a clear definition of prdaee, responsibility, compensation
between RES-E operators and grid companies nedmsgopplemented in the

Renewable Energy Law” (Hong et al., 2013)
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4. General RE Support Schemes in EU

4.1 RE support Schemes in EU

*  Feed-in Tariff (FIT)

The Fit Schemes is probably the most widely adoptdeuropean Union. Most of
the member states in EU adopt FIT schemes on Bmrdisid and Solar energy.

According to the different characteristic of renévea energy resources, the
member states government decides what level ofidiebsshould be given to
different kinds of renewable energy. To most of tkeewable energy electricity
producer, they can choose to self use of their EE®d the governments guaranteed
the price for the excess produced of electricithpeosold to the grid. It is usually grid
distributors or grid operators are given the olilaa to purchase these excess
electricity.

* Feed-in premiums (FIP)

In general, we can think of FIP as a subcategor¥l®f schemes. The Feed- in
premiums “are guaranteed premiums paid out as fizdd-on to the market
price”’(Kitzing, Mitchell, & Morthorst, 2012). The IES-E producers receive a
premium per unit of electricity they sold to theidgoperator in addition to the
subsidies acquired from selling RES-E to the grid.
¢ Tenders (TND)

The member states government determines how mactrieity from renewable
energy it need and organize bidding RES-E producetempete with each other. The
potential company or RES-E producer will competeito the opportunity to
construct the project and operate capacity fotdhest subsidy (Moselle et al., 2010)
* Quota and Green Certificate

The Quota require the energy producer or suppteephbligated to have a certain
share of renewable energy in their whole energypos®. Green Certificate requires

a member states government set a target for elgtrétailers to ensure that a
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minimum percentage of their electricity sales cdroe renewable energy electricity.
These retailers are required to achieve certairuataf certificate to reach the
minimum level. These certificates can be sold eorttarket, thus, these certificates
price are determined by the market (Moselle e28i10).

* Investment Grants (INV)

The member states governments granted a finangpalost to the renewable
energy project developers. The form of the finansigoport is given by
non-reimbursable payments to the project develdpang the project construction
period. These allowance various from different antpfrom 5% to approximately 70%
of the total cost (Kitzing et al., 2012).

*  Financing support

Government financial institutions, such as (Gerrkiav) provides a low-interest
loan or interest subsidy to for developer to in@stonstruct a renewable energy
project. The financing support is aim to reduceltiygh cost investment risk of RE
project investors. However, governments facingrfoial pressures when implements
this measure.

* R&D investment

Member states focus on R&D development in ordgaromote RE utilization,
establish national laboratory in order to providehinical guidance and support. For
example, Denmark has spent in total about 2 bilkanos on R&D sector of wind

energy development. Both US and Japan spent albribsillion US. Dollars on PV

solar energy research.
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Table.5
RES-E support policies in EU member states 2000-201

Number of countries that have
implemented the scheme

200 2005 201 20
0 0 11

Provision of renewable support 15 24 27 27
Provision of major support schemes FIT 10 22 27 27
FIP TND or Green Certificate
Major support schemes

Feed-in tariffs (FIT) 7 16 23 21

Feed-in premiums (FIP) n/a 7 7

Tenders (TND) 2 2 6 5

Quota and Green Certificate 1 6 6 6
Supplementary support schemes

Investment grants (INV) 5 10 20 20

Fiscal measures (TAX) 9 10 12 13

Financing support (FIN) 4 4 9 9

Source: table from (Kitzing et al., 2012)

4.2 General RE Support Schemes in China

Since 2006, the implemented of renewable energy d&wChina, the support
schemes gradually play a significant role accompuaitly rapidly development of RE
deployment in China.

* Feed-in Tariffs (FIT)

The same concept with EU FIT, also Feed-in targfene of the most important
measures in promoting RES in China.
¢ Competitive Tendering

Same concept with EU tenders.
¢ Government Financial support

Government provides financial support on renewablergy project and renewable
energy industry. For example, government launcisetat roofs programme” in 2009
and provide 50% subsidy for the solar componentsve@iments also provide
low-interest and interest subsidy for renewableg@nproducer and renewable energy
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project investors.
*  Mandatory Market Share (MMS)

The Mandatory market share was required the byghewable energy law. The
grid operators are obligated to purchase certaiouatof electricity produced from
renewable energy resources. The grid operatorsidghmecept 3% of non-hydro
renewable energy electricity by 2020 (Zhang, Andr&peed, Zhao, & He, 2013).

*  Tax Reduction

Tax reduction has been one of the most importeasures in promoting RES
adoption in China. The renewable energy law stipsl¢hat the government should
offer tax reduction to renewable energy projectréntly, the import duty for whole

wind turbines is 0% and the PV products are 12%.

4.3 EU support schemes on Solar Energy.

The adoption of Directive 2009/28/EC has creategtimistic future for renewable
energy utilization in EU. Currently, most of the mmger states are on their track to
meet the 2020 targets.

The major support scheme for solar PV energy dewveémt in EU isFeed-in
Tariffs (FIT). The excellent FIT incentives in EU has cost thesvasproduction of
PV products and also leads to the significantlylidecof PV products. The research
had shown that only dominant factor for future sotadustry is thecurrent FIT
incentives(ISE, 2014). As we can see from figuréhig installation PV capacity
showed a positive correlation with the FIT refurgdiherefore, it is obvious that the

FIT plays a significant role on solar PV deployment
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Figure. 7
German PV expanding and total feed-in tariff refagd
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4.4 China’s support Schemes on Solar Energy

Since the implement of renewable energy law in 2006 Solar PV energy had a
significantly growth in China. Currently, there awo parallel incentives method on
solar PV energy. The two incentives methods aredfeedrariffs (FIT) and direct
subsidies.

* Feed in Tariffs

Currently, the solar PV energy FIT incentives aradequate to support RES-E
producers. For project approved befoteliily of 2011 and completed before the end
of 2011, the solar PV project will receive the Rifthe amount of 1.15 CNY/KWh.
For the project approved aftet' duly of 2011 and unable to complete before the end
of 2011, the solar PV project will receive the amibaf FIT at 1 CNY/ KWh. In 28
August, 2013, NRDC implement the “Notice on GiviRtpy to the Role of Price

Leverage in Promoting Healthy Development of thdaSd’V Industry”. The
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document specified the solar PV FIT incentives gower plant and incentives for

distributed solar PV according to different solanes. (See table 6)

Table.6
FIT incentives for PV Power Plant and Distributédffom 2013
PV Power Distributed PV Benefits
Plant
FIT Subsidy for Subsidy for
Solar

self-consumed PV Surplus PV
Irradiation Zone

electricity electricity

Feed-back to Grid

(CNY/KWh) (CNY/KWh) (CNY/KWh)
I 0.9 Retail Price of Whole-sell
Il 0.95 grid-electricity Tariff of coal-fire
II 1 +0.42 Power +0.42

Source: Data collected from (Agency, 2013), taldeegated by author.

* Feed in Tariffs Surcharge

From 2006, the NRDC set the surcharge for eletgrioom renewable energy
resources. The surcharge collected from end usREsfE through the form of FIT.
The RES-E surcharge was 0.001 CNY/KWh in 2006, thereases to 0.004
CNY/KWh in 2006, as follows increase to 0.008 CNWK in 2011. In 2013, the
NRDC raising the FIT surcharge from 0.008CNY /KV@Ot015CNY/ KWh. The
increase of FIT surcharge will generate about 4lloBisubsidy fund to cover the all
forms of renewable energy (Agency, 2013). Compangd international level,
China’s surcharge is much lower, by contrast, GeyiseRES-E surcharge reached
0.053 €/KWh (approximately 0.43 CNY/ KWh) in 20Therefore, it will the lower
surcharge of FIT will lead to plenty room for fueUuFIT increase (Lo, 2014).
* Direct Subsidies

Besides FIT and FIT surcharge, the Chinese goverhaigo provide direct
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subsidies for solar PV development. In 2009, ireotd stimulate domestic solar PV
utilization, Chinese Ministry of Finance (MOF) isited two national subsidies solar
programme, which are “solar Roofs Program” and‘@&den Sun Demonstration”
project. The solar Roofs Program includes theidisted PV project and building
integrated photovoltaic (BIPV). The central goveemnprepared 1.27 billion CNY as
budget and the direct subsidies provide 50% suldsidihe solar components. When
the solar Roof Program initiated in 2009, the siyp$or BIPV system is 20 CNY/
KWh and 15CNY/KWh for roof PV system. Till 2009 etisubsidy decreased to 9
CNY/ KWh and 7.5 CNY/KWh for BIPV and roof systempsrceptively. Another
direct subsidies program is Golden Sun Demonstratroject for PV utilization. The
Golden Sun project covers more types of PV projeatspared with previous
program. The more detail about Roofs Program aridéadSun Demonstration

project see Appendix. (Table.1)
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5. Current PV market development

5.1 World Cumulative installed capacity

Solar PV energy has experienced a stunning groatéhim the past 6 years-even in
the difficult macro-economic environment. At thedesf 2013, the globally total
cumulative installation of solar PV energy reacth88.9GW and with this amount, it
can produce electricity 160TWh in a single yeaR®i3, the leading cumulative
installed capacity region is Europe with 81.5GW ebhaccounts for 59% of global
cumulative installed capacity, then follows withi&®acific region 22GW and China
18.6GW. However, as we can see from the figureg8ctumulative installed capacity
in outside EU region is almost approaching to tmewant of EU region, therefore, it

illustrate that the global solar PV market arerigaiebalancing (Association, 2013).
5.2 World PV market development

In 2013, the global total annual capacity reachstbhical peak 38GW, surpass the
two years of 30GW annually installation. But asca@ see from figure 9, in 2013 it
is surprisingly that EU first time have a signifitly drop on annual installation
(11GW), a rapidly growth of annual installation aapy in Asia (21.6 GW) have
greatly surpassed EU. China first time becomesdpeolar market in 2013, reached
11.8GW of annual installation. It also has beenhiiggest solar producer since 2007.

As we can see from Figure.3, the European Markag¢mence significantly growth
since 2007, a market volume reached 13.7GW and=32¥.B 2010, 2011 respectively.
In 2012, the European market had a slight decbre/t7GW. In 2013, the annual
installation capacity is only 11GW reached the Istngnce 2009 (Association, 2013).
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Figure.8
Global PV cumulative installed Capacity 2000-208/8/\()
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Figure.9
Global PV annual installation 2000-2013 (MW)
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5.3 The European market development

After the 2008, with vanish of Spain market, ther@any market is the only main
driver of European Market. The European market megturn happened in 2010,
with Germany market remain strength, Italy and @zearket continue grow. In 2013,
the cumulative installed capacity reached 80GWw#ascan see from Figure.10, the

Germany market was the dominant market in EU elddy growth since 2007.

Figure. 10
European PV cumulative installed capacity from 20003
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However, the pace of PV market deployment in EUllen clearly reduced,
which will have consequences for the ability of ®\feach high penetration levels in
the short to medium term in Europe. Germany saadstgrowth for nearly a decade
and clearly represents the most developed PV mat&spite the 2013 market
downturn. Countries which got a later start — tze¢h Republic, Italy, Greece and

Belgium — quickly reached high levels, and decréaapidly afterwards.
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5.3.1 Germany Market.

As we mentioned above, Germany is the dominalatr $&v market of EU since
2004, therefore, we will use the Germany Marketaasexample to research the
connections between FIT incentives and solar enatiigation and solar industry
development.

The feed-in tariff support incentives for solaf @nergy have permitted PV
industry to grow up, and PV to step up to becomemstream power generation
technology. As we can see from the figure.11 thatsignificant growth of Germany
solar market from 2004. During the same time, tleemtives FIT is reaching its
historical peak. With the stimulation of high Fiicentives, Germany solar market
gradually growth. By 2008, the annual installatt@pacity reached 1.8GW. Even
during the- difficult macro-economic environmethte tGermany market reached
3.8GW of annual installation. Meanwhile, as mosCbinese solar Manufactures
reach their economic scale and start to releasajacity, the solar products price

declined dramatically.

Figure.11
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The growth of the PV market was unanticipated kyonal authorities, despite the
application of a number of complex schemes whiclevi&ended to take market
dynamics into account. It appears now that the éoeabeffect of reduction of the
support schemes, introduction of caps, and resttriatcess to finance will limit the

growth of PV installations in Europe.
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6. Experience Curve Analysis on US and Chinese Sola

Market

6.1 Theory

Theexperience curvelsad been used as an important tool to analysisdsie
reduction of various new technologies for decadlisjii 2003). The experience
curves expressed the quantitative relationship é&tveost reductions and cumulative
production, and it is derived frolearning curvesThe learning curves originates
from Wright (1936), Wright observed that workersquction efficiency increase
when they manufactures more and more airplaneghVaiso observed that the unit
cost of airplanes declines with the increase amotiairplanes produced. In 1950s,
the learning curves were suspected by researdhergas applied to other products’
manufactures. However, through numerous researd¥raght’s learning curve theory
was accepted by the general (Lieberan, 1984).

In mid-1960s, th&oston Consulting GroufBCG) developed the experience curve
and by then, the experience curve became a signedmcept of BCG (Martin Reeves,
2013). The experience curve is a more general tdri@arning curves where learning
curves focus on the analysis of labor cost perafintumulative united products
produced. In 1966, the founder of Boston Consgl@noup,Bruce Henderson
imposed the experience curves, it refers to theeotrlearning by doing” and it also
express the relationships between cost reductioti€@mulative productions of the
products. Henderson claimed that the experienoee@hows the products costs
decline 20% to 30% when each time cumulative probdagexperience) is doubled.
BCG had concluded that the experience not onlydekthe labor costs, but also
includes cost such as administrative cost, margetost and capital cost. The cost
reduction under experience curves was also thétsesfuotal cost ( labor cost,
administration cost, marketing cost and capitaéstinent cost), labor learning

process improvement which can be express as “ifephy doing” ( labor skills
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improved through learning, production process inapdh technical update of
equipment), market share and market potential,ymsdstandardization and
economics of scale. However, BCG did not try t@gsemble the detail relationship
between cost reduction and these elements andysdaptribes prices or costs
reduction as a function of cumulative productiorefleran, 1984). The experience
turned to be a valuable predictor of competitivaaiyic economics and it is also
adopted as a tool for strategic decisions in 19%8sve can see from thagure.12,
the cybernetic model simply describes how expegenves effect improves internal
working of one company in the competitive industrifthrough experience curve
effect, company gained experience from the processinsforming input to output,
during this process, company will gain newly expece and adopted the newly
experience into new production procedure to tramsfoput to output. The repetitive
procedure of learning will be measured by the msgratio (PR), which is the loop

procedure from output back to input (IEA, 2000).

Figure.12
Cybernetic Model of the experience curve

Input ; Output
e Learning g

ﬁ system ﬁ

Source: Figure from (IEA, 2000)

The founder of BCGHendersorclaims ‘The experience curve effect can be
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observed and measured in any business, any indastyycost element,
anywher&Henderson, 1974). However, there are numerolesarekers and
literatures suspects and criticized the experiencee model. (Dutton & Thomas,
1984) had suspected on the explanation powerpgreence curve through their
research, their research shows that an extensnativa during their research of 108
experience curves studies. The appealing reasangerience curves are as
follows. Firstly, the experience curves model regsiiavailability of empirical data on
price/cost and cumulative production data to caastthe experience curves and run
the test. As a consequence, large accurate dagqused and the viability of the data
and data quality could have a huge impact on reBaasult. Secondly, researchers
indicate that in some industries, companies amalsfilearn from the historical
experience. Thirdly, the goodness-of-fit the exgrece model requires the empirical
data at least for decades or even several yeaally-ithe cost reduction in
experience curves only related to the accumulatpdreence or cumulative
production and ignores the effect of R&D reseaiténjet, 2006). During the
application of the experience curves, it failedrtaterialize as a strategic decision tool,
and the concept of experience curves graduallyitogavor in late 1970s (Lieberman,
1987).

The experience curves were brought back our atteimti recent years and it had
been used to assessment government’s energy gaetemodeling technical change
of various energy, research showed in IEA (200@)jiX2003). The Boston
Consulting Group indicated that the experience esistill applicable in today’s
business environment (Martin Reeves, 2013). Howeétvisronly applicable in a
“relative stable, cost-sensitive, competitive anadoiction-insensitive” industry. BCG
also developed the classic experience into two mewaels in order to fit into today’s
business environment (Martin Reeves, 2013). Inghjger, we will adopt the Single
Factor Experience Curve, which is the classic egpee curve model to analysis the
relationship between cost reduction and cumulgireeluction of Solar PV modules

in solar industry.
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6.2 Method

The experience curves express the quantitativiéoreship between cost decline
and cumulative production, where cumulative proubncis also described as
accumulated experience in production progress.akatteristic of experience curves
is that a constant percentage of cost declinesi@ed with doubling cumulative
production (Neiji, 2003). The experience curves alasl expressed in Neiji (2003) as
follows:

Ceum = Co - CUMP 1)
Where C.,, representthe unit cost as a function of outfilgt.represents the first
unit cost of products produced, CUM is the cumutaproduction of the products
during the estimate time period and powes the experience index. With experience
index, we can calculate the “learning rate”. Trerhéng rate is expressed as the
relative cost reduction for each of doubling curtiuaproduction of products. The
calculation of “learning rate” is as follows:

LR=1%2 2)

The expression®n formula (2) represents progress ratio (PR).dx@mple, if we
have a progress ratio of 90% in our estimation tvinneans that the price/cost of our

estimate products will decline 10% after doublihg tumulative production.

The learning curve model is generated as a forragression model. Initially, the
learning curve estimated the relationship betweenlabor cost per hour and aircraft
production. Base on Wright’s theory, the curve Wwather developed as (W. Z. Hirsch,
1952)

LogN; = a + BlogX; 3)
Where N, is per unit labour input of total output in timerpd t, X; is cumulative
output, a is constant parameter arfd is the coefficient which measures the
relationship between the per unit of labour inpuahd the cumulative output.X
We can see that equation (3) is a log-log formuiteciv means the characteristic of
log- log model is when y@increase 1%, Nwvill changé%.

60



Tthe Boston Consulting Group later promoted theseiepce curve and BCG (1970)
derived the equations as follows:
LogCy = 6 + ylogX, 4)
Where Greplaced Nin equation (3) and @epresent the total cost of productg, (¢
in the experience curve modek.rEmain the same which is the cumulative production
and y is the parameter to express the products costmesgdo the cumulative
production change. When the cumulative productipméfeases by 1%, it will lead

C, the cost of produchangesy% accordingly.

As the difficulty of acquire cost data, the cositéas are replaced by price factor in
the experience curves. The regression model wagezhm Lieberan (1984) we will
use in this study is as follows :

LogP;; = a; + bylogX i + -+ bjlogX; + --- + bplogX, i+ + i (5)
Where P, represent the average technology price in coumtuying period t or
specific products price, in our researBfy will represent the average price of solar
modules.X, ;; is the multi experience indices.igthe constant parameter angk
is the random error terms. As we can see from equél), when n=i=1, the equation
become to be the classic experience curve regressiolel, which is Single Factor
Experience Curve (SFEC).

LogP, = a; + bylogXy i+ + uj¢ (6)

The SFEC model as we mentioned earlier, it has bdepted into many experience
curves analysis, such as Neij (1997), IEA (200®jjiN2003). The theory indicates
the experience index; Ishould be negative, thus, we expect that from temu#6), 1%
of increase of cumulative production will lead$i&6 decrease of prica.RVith the
estimation result of coefficientowe can adopt coefficient bo calculate the progress
ration, which is showed in Hirsch (1956)

PRA? 7
And the learning rate (LR) is

LR=1-PR (8)
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In our analysis, we will use Solar PV Modules prasea proxy of solar Modules
cost. Generally speaking, the experience curvers & express the relationship
between products cost and cumulative productidrerahan the products price and
cumulative production. However, due to the stroragkat competitive, most of the
solar manufactures are confidentially strict altbetr products cost data. Therefore,
this paper will adopt available price data as ywmf cost. As we will adopt price as
a proxy of cost, then we must correct our nomioérsmodules price by GDP
deflator in order to make our estimation unbiasedl @ curate and also eliminate the

inflation effect on our collected price data.

P
fRea= t/Kt (9)
Where:

P. rea= inflation-corrected price for year t

P = solar modules nominal average selling price (ASP)

K= country- specific GDP for year t

Hence, the experience curve analysis for solar BUuies was constructed as

follow procedures:

Figure.13
Flowchart for experience curve analysis

Data Collection

Regression Analysis

Calculated Progress Ra
and Learning Rate

Further anaylsis base o

regression results
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6.3 Empirical Data Collection

Solar PV modules average selling price (ASB)aiSPV cumulative
production and R&D investment data were collectedhfEuropean Union and China.
In order to eliminate the inflation effect, the otny-specific GDP deflator was also
collected in order to recalculate the real pricéhefsolar modules prices. Moreover,
due to limit access to the accurate data, theatdkaction in this paper is insufficient
to fully describe the cost reduction of solar PVdules in European Union and China

The data collection related to European Union anm&described below:

6.3.1 Data for European Union

Data collection for European Union covers the yeam 1999 to 2010, total solar
PV modules production and average solar modules pvere collected.

The total solar PV modules production volume wearéected from (Maycock,
2005). As we mentioned above, European Union isetheéing region for solar PV
energy utilization. After 2008, the low cost Chieesanufacture plays a dominant
position in the EU solar market. Due to the highktad solar production in EU and
the impact of Chinese solar manufactures, mosuobdfiean solar manufacture reduce
or shut down their production. Therefore, the diaimn 2011 to 2014 shows a decline
trend, therefore, we omitted the data from peri0#l122014. The production volume

was measured in MW (megawatt).

The average solar modules prices are collected (Botarbuzz, 2012), the famous
solar research agency. All the price data were exdas to 2010 real price, the GDP
deflator of European Union in 2010 is 1% and thta dallected from The World
Bank Database. However, the major concern aboyiribe and production data is
data is inadequate. The EU solar modules prices meiasured in €/watt. The price

and production data can be seeAppendix, table.4
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6.3.2 Data for China

The data collection for China includes solar medgroduction, average solar
modules prices and R&D expenses for individual ilegdnanufactures. The data for
solar modules production and ASP ranged from 187813, which is in total 37
years. The solar modules production and averagiegelice data from 1976 to 2000
were collected from (Zheng Zhaoning, 2005). Datanf2001 to 2013, including
production volume and price were collected from’tH2V Power Systems (PVPS)
Programme, which is (Agency, 2013). The GDP deflaapyear 2010 and 2012 is
also collected from the World Bank Database. TbBd@eflator is 7% and 2% for
2010 and 2012. The price data from 1999 to 2010acwmaserted to 2010 real price, in
order to compare the experience curve effect oofaan and Chinese solar industry
in same time period. Also, the price data from 1878013 was converted to 2012
real price, as the GDP deflator for 2013 is notlatée at the moment. The
production was measured by MW and the averagengeilice was measured by

CNY/watt.

6.3.3 R&D data for China

As the inadequate statistic system in China orsttar industry, the validity R&D
expense data are not able to access. ThereforB&bBeexpense data were collected
from the representative Chinese solar manufactésesie saw from figure.2, half of
the top ten solar modules manufactures are Chic@ws@anies, the R&D expense
data were collected from Yingli Solar, Trina Sofauntech Solar, Hanwa Solar and
Canadian Solar from 2007 to 2012. As most of thmé&de leading manufactures are
listing on New York Stock Exchange (NYSE), therefat is able to access R&D
expense in their Quarterly or Yearly Earnings R&#saThe R&D expense was
measured in million US dollars. The price datadpiciion data and R&D data can be

seen inAppendix.

In our analysis, the regression will base on SFE@dehand MFEC model. We will
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adopt Ordinary Least Square method and analysiwaa SHAZAM was used to run

the analysis. In this paper, the experience fagtibbe used is showed as below:

1. Total Output (TP): The total output produced byasd®V manufacturesf each
observation year. Measured by MW

2. Time (T): The time series observation years.

3. Research & Development (R&D): The amount of R&D exge. Measure by $/

million.

6.4 Results and Interpretations

This section presents the main result of the tHess our estimation. The
estimation was based on Single Factor ExperienceeCand a interpretations will be
given regards to our estimations results. Resufinsary table was presented below in
order for ease of reading. More detail about egstonacommand can be seen in

Appendix.

6.4.1 Empirical Results for EU (1999-2010)

Table. 7
Estimation result for EU solar industry from 1992010
Index Regression (1)
TP -0.12281**
(0.018)
PR 0.918
LR 0.082
R? 0.8172
Observation 12

Standard errors are in brackets,
**significant level 1% *significant level 5%

Estimation results for EU solar products basediogle factor experience curve
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analysis (SFEC) present table.7. The standard isrstated in brackets. In the
estimation, average sells prices (ASP) is adoptedependent variable. Total output
(TP) as independent variable and the R-squalsedpresented for the SFEC

estimates.

In regression (1), the average selling pricadigpted as dependent variable and
express in € /watt. As we can see from the regragdi), the estimated coefficient is
-0.12281 and it is statistically significant at ®@2% confidence level. The statistically
significant coefficient proved our second reseaygéstions that the experience curve
effect do exist in European Solar industry. Accogdio equation (8) and (9), we can
then easily calculate the progress ration, whi@ii8% for regression (1) and
learning rate is 8.2%. The research from IEA (200®)icates that the Progress ratio
(PR) is 79% for the solar PV modules in EU regiamf the time period 1976 to 1996.
Moreover, the study from Hamon (2000) shows thatRhogress ration (PR) is 79.8%
for the solar PV modules from the world during timee period of 1968 to 1998. Our
research data various from these two previousesuahd we will discuss the reasons

that may cause the PR difference in discussiommsect

The result above, present us that SFEC estimakiows that from 1999 to 2010,
the learning rate (LR) for solar PV modules in Edion is 8.2%. The result of 8.2%
represent when the cumulative production doubleal sblar modules prices will
decline 8.2% compared with current level.At lalsg éstimation presents a value for
R?=0.82. As the paper adopted time- series data @99-2010, the value of’R.82
is relatively a good result. About 82% of our deda be explained by our SFEC

estimation model.

66



6.4.2 Empirical Results for China (1999 to 2010)

Table. 8
Estimation result for China from 1999 to 2010
Index Regression (2)
TP -0.1006**
(0.014)
PR 0.9326
LR 0.067
R-Square 0.8409
Observation 12

Standard errors are in brackets,
**significant level 1% *significant level 5%

Estimation results for Chinese solar products basesingle factor experience
curve analysis (SFEC) present in table.8. In respes(2), the average selling price is
adopted as dependent variable and express in CHitY, Aotal output (TP) as
independent variable express with MW.

As we can see from table.2, the estimated coefficee-0.1 and it is statistically
significant at the 99% confidence level. The staiidly significant coefficient also
proved that the experience curve effect exist im&be solar industry as well. The
result shows that the progress ratio (PR) is 938%learning ratio (LR) is 6.7% in
Chinese solar industry. Compared with our estinmagioove, the Chinese Solar
industry has a lower learning rate compared wittogean peer during the same
period. This phenomenon may indicate that the lost of Chinese solar modules
price is not mainly because of experience curvecefiThe reason of low cost of
Chinese low cost of solar products is could duia¢oscale effect and industry
integrate full value chain (Goodrich, Powell, JamWeodhouse, & Buonassisi,

2013).

The PR result presents in table.2 indicates thawdouble the cumulative output,
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the Chinese solar module price will decline 6.7%lide compared with current solar
products price. The Hin regression (2) is 0.84, which is slightly higliean the
European part estimation. About 84% of our datalmaexplained by our SFEC

estimation model when estimate Chinese Solar inglust

6.4.3 Empirical Results for China (1976 to 2013)

Table. 9
Estimation result for China from 1976 to 2013
Index Regression (3)
TP -0.15221**
(0.013)
PR 0.8998
LR 0.1002
R-Square 0.7965
Observation 38

Standard errors are in brackets,
**significant level 1% *significant level 5%

As we mentioned above, China had become the biggést PV producer in the
world since 2007. Therefore, it is necessary torege the Chinese solar PV industry
during its whole development history in order tétéeunderstand the effect of
experience curve in solar industry analysis.

The estimation covers the data from 1976 to 2048 ,same as regression (1) and
(2) that the average selling price is adopted agemni@ent variable and expressed in
CNY/watt, total output (TP) as independent variabipressed in MW. The estimation
result shows the estimated coefficient is -0.152 iarstatistically significant at the 99%
confidence level. The progress rate is 90% dutegperiod of 1976 to 2013. The
learning rate is 10% and it greatly improved coredawith the learning rate 6.7% for
1999 to 2010. Therefore, when the cumulative prodndoubled, according to the

10% of learning rate, the solar price will have @édgcrease compared with the 6.7%
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learning rate, therefore, the result we have atpoge another drawback of

experience curve which we will talk about in dissios sector.

7. Discussion

7.1 EU solar industry analysis

The result present above shows that the estimaféia@ent for European solar
industry is statistically significant at the 99%nfidence level. Therefore, our
research question 2 had been answered, whichekisteexperience curve effect in
European Solar Market from 1999 to 2010. With thefficient value -0.12281, the
Progress rate is 91.8%, learning rate 8.2%. As emrtioned above, that research
from IEA (2000) and Hamon (2000) shows their resleaesult show various
difference. The reason could possibly as follows:

* Data inaccurate and less validity. The first reasmud be data inaccurate and
less validity. As experience curve estimate dentaglly accurate and validity
data, then the results produced from the estimatibrmore accurate. Therefore,
our research result could be possibly a resulbtiéction data inaccurate and less
validity.

*  Solar Manufacture progresses are more depend omatit operation now. If we
go back to the initial concept of experience cutkie,learning rate is closely
related to the experience that workers acquireS.(B900) and Hamon (2000),
their research time start from 1976 and 1968. Atdarly stage, the manufacturer
progress need workers to collect silicon waferradtiee silicon ingot. Moreover,
after solar cells produced, workers need to asseari welding the solar cells
into solar modules. However, as robotic technoladgpted into production
process, automatic control has gradually replaeertan power. Therefore, the
learning in the near future gradually decreasesh@gpaper covers from 1999 to
2010, the robotic technology and automatic cortteal already changed the solar

production process. It could be the reason thaledmaing rate in recent years is
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much lower than early years.

Our estimation results show the learning ratéuropean Solar industry is 8.2%.
Therefore, as our data shows that in 2010, thégotar production capacity in EU is
3.8 GW (1GW =1000MW), hence, if EU cumulative protion doubled to 7.6 GW,
then we will have 8.2% price reduction on solarf¥ducts. In 2010, the average
selling price of EU production solar module is 3&%/att. As the cumulative
capacity doubled, the solar module price will daseeto 3.25*(1-8.2%) =2.98 €/Watt.
When the cumulative capacity doubled again , acogrib the same learning rate, the
solar modules price will decline to 2.98*(1-8.2%)Z2€/Watt. Besides the experience
curve effect, there also exits other factors whhy induce cost reduction of solar

modules prices.

7.2 Chinese solar PV industry (1999-2010)

The estimate results show that the estimate caeftics -0.1006 and statistically
significant at the 99% of confidence level. Theisteally significant result indicates
that experience curves effects exist in Chinesar§®V industry from 1999 to 2010.
The estimate coefficient induces the learning 8afé6 for Chinese Solar industry. As
we can see from our data that the Chinese solaul@@doduct price in 2010 is 13
CNY/watt. If the cumulative production doubled,frd0.8GW in 2010 increase to
21.6GW, the Chinese solar PV price will decline%, Then we will acquire the new
price for solar PV modules which is 13*(1-6.7%) ZIACNY /watt. Based on 2010
exchange rate (1CNY=0.16€), the module price im&Hwvill be 1.43€/watt. The price

is nearly 50% cheaper compared with European ptamadu§olar Modules.

There have been numerous factor could induce thedst of Chinese solar
module Prices.
* Indigenous factors, such as low-cost labour. Ceirabnomic could success
partly due to the low-cost labour. The low-costdabprovide the employer

relatively competitive advantage. The research bgdach et al. (2013) indicates
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that for a integrated value chain Chinese solarufaatures, the low-cost of
labour could induce $0.07 per watt cost advantagepared with a integrated
value chain US manufactures.

Tax deduction and government subsidies. The Chicesgal government and
local government provide tax deduction to Chinedardndustries as a measure
of support high-tech enterprise. Local governmeavides land renting
deduction, low price industry production electydit order to increase local
fiscal income.

Scale effect. One important factor is Chinese solanufactures acquires
capacity advantage compared with European manuésctbor example, in 2010
just two Chinese manufactures Yinli Green Energy 8antech Solar, their total
capacity is 3.56GW. By contrast, the total outpuEU is 3.8 GW. Moreover,
research from Goodrich et al. (2013) shows thattdiseale effect advantage, the
Chinese solar manufactures acquire a $ 0.08 peérageantage compared with
US or European Solar Manufactures.

Integrated full value Chain. When most of Chineslarsmanufactures involved
into solar market, their main business mainly foesasnodules assemble and
solar cells production. With year’s developmentsimaf Chinese solar
manufactures achieved full integrated value-chiaiom silicon production,
silicon ingot, silicon wafer, solar cells productiand modules assemble. Cover
both up-stream and down-stream sector. By contrast} European solar
manufactures either down-stream player or up- strglayer. Only few

manufacture attempts to build integrated valuefthai

7.3 Chinese solar industry (1976-2013)

Firstly, we can see from the result presented@fatie coefficient is statistically

significant at 99% confidence level. The resulidates that from 1976 to 2013,

during this time period, the experience curvesteri€hinese solar industry. The

learning rate is 10% from 1976 to 2013. The SFE@eh relatively sensitive to the
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input data, in 2013, the cumulative production cégan Chinese solar industry is
26GW, and the solar products price is 4.2 CNY/Watbpt with 10% learning rate,
which means when double cumulative production ptieelucts price will decline 10%,
4.2*(1-10%)=3.78 CNY/Watt, and the cumulative protion will be 52GW. As SFEC
mode is relatively sensitive to the accuracy araiig of input data, even a small
error, can lead huge deviation in the coming refudtxperience curve was adopted to
future grid parity analysis, a small error couldidée the break even time point to 10
or 15 years. Therefore, this drawback greatly kahithe experience curve as an
accurate tool to analysis future technology chargkassessment on energy policy.
However, if researcher constructs the accurate havdkeinput accurate, valid data,

the experience curve is still a useful tool to gumblicy and decision making.

8. Conclusion

The purpose of this paper is to examine the génenewable energy policy in
European Union and China, and adopt experienceesay a tool to analysis
European and Chinese solar industry to reveal éxogerience curve, what other

factor can induce solar cost reduction.

The paper first review the renewable energy dgraknt history in EU and China.
Then the paper adopt experience curve as tooksathe European and Chinese
Solar industry. The production capacity and sotadpcts prices data were selected
from 1999 and 2010 for EU and Chinese solar ingusteanwhile, in order to assess
the main dominant producer of solar modules intbdd, the modules production
capacity and products prices from Chinese solarstrgl was selected for the time

period (1976-2013). The analysis is successfulgaamur assumption.

Below, section 7.1 presents the answers to tharesguestions.
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8.1 Answers to Research Questions

Q1: To what extent does renewable energy policesikited the development of

solar utilization?

From the qualitative analysis of general renewablkergy policy in EU and China,
we can conduct that the general RE policy in EU @hoha has significantly
stimulated the renewable energy utilization. TheeEtive 2009/28/EC clearly set the
20-20-20 targets for member states. Under the ypadigulations, governments
impose support schemes, which greatly stimulatedsttar adoption, especially in
Germany. The incentive FIT had greatly made Gernazmtpne world’s largest solar
market. Meanwhile, the renewable energy policy nin@ also greatly stimulated the
renewable energy industry development. By 2007n&had become the world’s
largest solar producer. With the support schemagdugly mature, the emerging

China solar market have a great potential to repaermany and become world No.1

Q2: Does experience curve effect exists in EuropeahChinese solar industry?

Our analysis show, experience curve effect do @xiEuropean and Chinese solar

industry.

Q3: How much cost reduction can experience curffestanduce in EU and Chinese

solar market?

Presented by our analysis, the learning rate B &12European solar industry
during the period 1999-2010. When double cumulgtinegluction, the solar products
price will decline 8.2%. In 2010, the productionsofar PV in EU is 3.8GW, when
production reaches 7.6 GW, the price will decrdemma 3.25 €/Watt to 2.98 €/Watt.

In China solar industry, the learning rate is 6. d9ing 1999 to 2010. The
cumulative production in 2010 was 10.8GW, when clative production reaches

21.6GW. The solar modules price will decrease fATCNY/watt to 12.13CNY
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/watt.

Take time period from 1976 to 2013, the learnirtg ra Chinese solar industry is
10%. The cumulative production in 2013 was 26GWemvh doubled to 52 GW, the
solar modules price will decline from 4.2 CNY/WHit3.78 CNY/ Watt.

Q5: Is there any other factors influence cost rédadn solar PV products?

Yes, there do exists some factors influence solap®ducts price decline, factors
such as low-cost labour, tax deduction, governmaiiisidies, scale effects and

manufactures integrated value- chain.

The experience curve analysis in the paper do ibeschow price reduction related
to the cumulative production. If input data acceydlhe experience could also used as
a tool for policy assessment and policy decisidwesij, 2003). The drawbacks are,
experience could only assess the cost reductiotatiorship with cumulative
production and the successful experience curveysisakely one reliable data.
Therefore, data availability limitation blocks thedoption of experience curve
analysis. At last, it is pity the paper can noklihe experience curve analysis with
R&D effect. If this research had be conducted i plaper, the discussion about solar

industry in European Union and China will be mooenpelling.
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Appendix

1. Indicative Trajectory

The formula of indicative trajectory referred tar&itive 2009/28/EC as follows:

S2005 + 0.2(S2020 — S2005 ), @S an average for the two-year period 2011 t@201

S2005 + 0.3(S2020 — S2005 ), @S an average for the two-year period 2013 t@ 201

S2005 + 0.45(S2020 — S2005 ), @S an average for the two-year period 2015 t&201

S2005 + 0.65(S2020 — S2005 ), @S an average for the two-year period 2017 t@201

S,005= the share of the energy consumed in 2005

S,020= the share of the energy consumed in 2020 (Cononis3009)

Table. 1

China’s First-level Renewable Energy Policy

China Policy documents

First-Level

1983 | Suggestion to Reinforce the Development o&REnergy

1992 | The strategic on China’s Environment and Diwalent

1995 | Outline on New and Renewable energy developmé@hina, State
Planning Commission (SPC), State Economic and T€aaemission
(SETC)

1995 | Electric Power Law

1996 | Guidelines for the 9th Five-Year Plan and 2Qlbbig Term Objectives on
Economics and Social Development of China

1997 | Energy Conservation Law

2000 | Law of PR.C on the Prevention and Control whéspheric Pollution

2003 | Renewable Energy Promotion Law

2005 | Renewable Energy Law

2006 | The Medium and Long-term Plan for the Develepnhof Scientific and

Technology , State Council
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2006 | The 11th Five-Year Plan for National Econoamd Social Development

2007 | The Amendment of Energy Conservation Law

2007 | China’s Energy policy 2007, State Council

2008 | Circular Economy Promotion Law

2009 | The Amendment of Renewable Energy Law

2010 | The Decision of Accelerating Development ofdeging Industry, State
Council

2011 | The 12th Five-Year Plan for National Econoamd Social Development

2011 | China’s Policy and Actions for Addressing GlienChange, State Counci

2011 | The Guideline for regulate of Emerging Indystr

2012 | China’s Energy Policy 2012, State Council

Note: Data collected from (NREL, 2004) and (Por2éi14), table generated by author.

Table.2

China’s Second-Level Renewable Energy Policy

China Policy Documents

Second-Level Policy

v

1994 | Brightness Program and Ride the Wind Prognastate Planning
Commission

1995 | New and Renewable Energy Development Praje&sority(1996-2010)
China, by State Science Technology Commissione$tatver Corporation
and State Economic and Trade Commission

1996 | Ninth Five-Year Plan and 2010 Plan of Energpservation and New
Energy Development by State Power Corporation

1996 | 9th Five-Year Plan of Industrialization of Nemd Renewable Energy by
SETC

1998 | Incentives Policies for Renewable Energy Teldgy Localization by Stat¢
Development and Planning Commission(SDPC) and KMingf Science &
Technology (MOST)

2001 | 10th Five-Year Plan for New and Renewable gsn€ommercialization
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Development by SETC

2003 | Rural Energy Development Plan to 2020 for fesfrea of China

2006 | The Administrative Guideline of Electricitygoluced from Renewable
Energy Resources by National Development and Re@ommission
(NRDC)

2007 | The Plan for High-Tech Industry develop dutimg 11th Five-Year Plan
Period, by NRDC

2007 | In Mid- and Long- Term Development ProgramnforgRenewable Energ

2008 | 11th Five-Year Plan for New and Renewable @ndevelopment

2010 | The Standard Guideline for Wind Energy Corsion, by National Energy
Bureau

2011 | Guidelines for Encouraging and Guidance Reritatterprises to Invest ang
Develop Renewable Energy, by NRDC

2011 | 12 Five-Year Plan for New and Renewable Energy deretnt

Note: Data collected from (NREL, 2004) and (Por2éi14), table generated by author.
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Source: Table collected from (Agency, 2013).
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Table.4

Solar modules production and average selling pni¢eJ

Total Output

Real Price in 2010

Year (MW) ASP (€/watt) (€/watt)
1999 53 7 5300
2000 72.7 6.2 7270
2001 108.8 6 10880
2002 135.05 55 13505
2003 210.35 5.2 21035
2004 483.1 4.8 48310
2005 742.3 4.9 74230
2006 1016 4.8 101600
2007 1657.6 4.87 165760
2008 2389.7 4.75 238970
2009 3419 3.75 341900
2010 3837 3.25 383700

Note: EU 2010 GDP deflator (1%)

Table. 5
Solar modules production and average selling pnicghina (1999-2010)
Total Output Real Price in

Year (MW) ASP(CNY/Watt) 2010(CNY/Watt)
1999 2.8 37.7 538.5714
2000 2.7 36.46 520.8571
2001 4.6 36 514.2857
2002 6 35.7 510
2003 12 34.8 497.1429
2004 50 33.2 474.2857
2005 146 32 457.1429
2006 438 28 400
2007 1088 26 371.4286
2008 2600 20 285.7143
2009 4011 19 271.4286
2010 10800 13 185.7143

Note: China GDP deflator in 2010 is 7%
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Table 6
Solar modules production and average selling pnicghina (1976-2010)

Total Output Real Price in
Year (MW) ASP(CNY/Watt) 2012(CNY/Watt)
1976 0.0005 400 20000
1977 0.001 200 10000
1978 0.002 120 6000
1979 0.005 100 5000
1980 0.008 80 4000
1981 0.015 77.5 3875
1982 0.02 70 3500
1983 0.03 60 3000
1984 0.05 50 2500
1985 0.07 47.5 2375
1986 0.08 42.5 2125
1987 0.1 40 2000
1988 0.35 30 1500
1989 0.55 28.9 1445
1990 0.5 35.9 1795
1991 0.55 36.2 1810
1992 0.65 29.07 1453.5
1993 0.9 38.64 1932
1994 1.1 40.318 2015.9
1995 1.35 40.58 2029
1996 2.02 39.28 1964
1997 2.23 39.875 1993.75
1998 2.37 39.12 1956
1999 2.8 37.7 1885
2000 2.7 36.46 1823
2001 4.6 36 1800
2002 6 35.7 1785
2003 12 34.8 1740
2004 50 33.2 1660
2005 146 32 1600
2006 438 28 1400
2007 1088 26 1300
2008 2600 20 1000
2009 4011 19 950
2010 10800 13 650
2011 21157 9 450
2012 23000 4.5 225
2013 26000 4.2 210

Note: China GDP deflator in 2012 is 2%, GDP defladanot avaiable
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2. Estimation Command for EU
sample 1 12

read year tp asp

genr Inasp=Ilog(asp)

genr Intp=log(tp)

ols Inasp Intp /loglog

genr pr=2**(-0.12281)

print pr

stop

3. Estimation Command for China (1999-2010)
sample 1 12

read year tp asp

genr Inasp=Ilog(asp)

genr Intp=log(tp)

ols Inasp Intp /loglog

genr pr=2**(-0.1006)

print pr

stop

4 Estimation Command for China (1979-2013)
sample 1 38

read year tp asp

genr Inasp=Ilog(asp)

genr Intp=log(tp)

ols Inasp Intp /loglog

genr pr=2**(-0.15221)

print pr

stop
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