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Abstract--This paper evaluates the productivity of worldwide
countries for developing solar electricity market by addressing
the following questions: (1) to what extent should governments
further decrease their supports while maintaining the electricity
utilization at the current level? And (2) to what extent should
governments increase the production of solar electricity genera-
tion and decrease the emission of CO, air simultaneously? To
comprehensively address both questions to improve energy uti-
lization efficiencies, those of countries are evaluated by using
Non-Separable DEA model (DEA measure with non-separable
desirable and undesirable outputs for evaluating efficiency).
This case study of 25 solar-development countries with the panel
data covering the period of 2009 — 2012 reveals that pure tech-
nical efficiency of developing countries is slightly more efficient,
on average, than that of developed countries. However, the total
efficiency of developed countries does appear to be significantly
more efficient than that of developing countries. Besides, the
results of this paper point that inefficient countries could reduce
their total expenditure and investment, days for getting electric-
ity, total electricity generation and CO, emission in a given out-
put and/or increase their proportion of solar electricity based on
a constant input respectively to become efficient countries
among their peer groups.

[. INTRODUCTION

The implementation of renewable energy policy in most
countries around the globe has been advocated to be support-
ive of the transformation into a low-carbon economy, a con-
cept officially proposed in the Kyoto Protocol with a view to
facing with the challenges of carbon emission. The strategies
for this transformation include supporting for renewable en-
ergy, improving energy efficiency and reducing deforestation.
Since the publication of the Kyoto Protocol report in 1997,
this low-carbon transformation has attracted attention from
scholarship, policy-makers and managers [31; 42]. In the
same period, the energy crisis showed worldwide energy re-
sources are beginning to run out, with devastating conse-
quences for the global economy and quality of human life.
For this reason, energy development associated with solar
electricity constitutes an integral part of economic, energy
and environmental policies. Solar energy sources and tech-
nologies were thus identified as an innovative means to mod-
erate the impact of energy system on climate change and to
decrease the dependence on foreign energy sources. This re-
alization has led to a boost in solar energy related researches
and industrial policies. Germany and Australia, for example,
invested 10.3% and 14.5% of public R&D expenditures re-

lated to solar electricity' stimulation during the past five
years® [29; 32].

However, even though public efforts and national finance
have been invested for many years in order to speed up the
research, development and demonstration (RD&D) of solar
electricity, experiences from some countries show that this is
a slow and tedious process [12] because there exist some key
barriers in financial and technical aspects, including lack of
government policy support, high capital cost and poor per-
ception of renewable energy value. In an effort to overcome
these barriers, many countries over the world have imple-
mented a series of attractive solar electricity supports [11; 14;
59], most of which contain incentive instruments such as re-
newable portfolio standards (RPS), feed in tariffs (FITs) and
tradable green certifications (TGCs), and service infrastruc-
tures such as banking and insurance services for establish-
ment of solar electricity system. Previous studies have inves-
tigated the effectiveness of these attractive supports adopted
at the national level for promoting solar electricity [8; 14; 33;
35; 37; 47; 51]. Most of these studies focused on the conse-
quences and implications of the supports in order to address
the most optimal supports for countries based on distinct cir-
cumstances. Although researchers refer to such supports as
attractive motivations for stimulating the growth of solar
electricity, their efficiency and efficacy remain unsettled due
to the fact that the currently installed renewable generation
capacities are far less than sufficient to meet the post-Kyoto
targets.

These supports, whether incentives, infrastructures or
others, depend heavily on government interventions with a
view to achieving the target. Without government interven-
tion, electricity supply planning in a dominant electricity
market is chiefly profit-maximization and/or
cost-minimization oriented [2]. An effective government in-
tervention would be able to encourage more investment in
solar electricity by hastening solar electricity utilization in the
short term and improving national economic growth in the
long term in terms of policy-markers’ targets, such as
Framework of Taiwan’s Sustainable Energy Policy’ in Tai-

! Here, solar electricity includes technologies related with solar thermal and
solar photovoltaic.

2 Germany: 2006 to 2010; Australia: 2007 to 2011.

* The framework states that sustainable energy policy needs to support effi-
cient use of limited energy resources, development of clean energy and secu-
rity of energy supply. Thus, the objectives of the framework are established
as follows [4] BOE, 2012. Framework of Taiwan's Sustainable Energy
Policy.:

Improving energy efficiency to decrease 20% of energy intensity by 2015
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wan, The First National Energy Master Plan for the period
2008-2030 in South Korea' and the EU Directives. In view
of this situation, the less intervention it takes to achieve the
targets, the more efficient a nation is, since incentive cost,
energy subsidies, infrastructures are parts of governmental
annual expenditure and investment. Hence, we address two
systemic issues: (1) to what extent should governments fur-
ther decrease their supports while maintaining the electricity
utilization at the current level? And (2) to what extent should
governments increase the production of solar electricity gen-
eration and decrease the emission of CO, air simultaneously?
For such propose, a few advances have been provided data
envelopment analysis (DEA) as a suitable analysis tool [13;
15] in order to compare the relative performance among
worldwide energy markets.

The DEA approach assigns each country as a deci-
sion-making unit (DMU), which represents the amount by
which all outputs could be increased without changing input
level, or by which all inputs could be reduced without chang-
ing output terms. However, during the processes from elec-
tricity production to consumption under normal circumstanc-
es, undesirable outputs will be produced unavoidably, such as
a variety of environmental pollutions. The maximum-output
efficiency evaluation of traditional DEA model is not a suita-
ble analytical tool; undesirable outputs need to be specially
dealt with by expanding traditional DEA approach [19; 50;
55]. With the integration between energy policy field and
efficiency evaluation field, this study investigates the gov-
ernment interventions of 25 nation-level markets by utilizing
extended DEA approach to measure inter-country efficiency
within a given period. The most important contribution of this
study is a clear description of the indicators of the efficiency
of government intervention for RE development. At the same
time, this study details the evaluation and difference of na-
tional performance among sampled countries.

II. LITERATURE REVIEW

A. The incentives for solar electricity market

In accordance with the Kyoto Protocol, national govern-
ments recently set out aggressive RE policy suggesting that
the proportion of energy should come from renewable
sources to meet their policy goals such as energy supply sta-
bility, energy efficiency and carbon emission reduction. In the
context of solar electricity promotion, the literature refers to
building macro-generation of solar electricity as the per-
formance of renewable electricity policy implementation.

and 50% by 2025;

Developing clean energy to reduce nationwide CO2 emission and to increase
the share of low carbon energy in electricity generation systems from the
current 40% to 55% in 2025;

Securing stable energy supply to achieve economic development goals, such
as 6% annual economic growth rate from 2008 to 2012, and USD 30,000 per
capita incomes by 2015.

* See the details of other countries in the website of International Energy
Agency (IEA): http://www.iea.org/policiesandmeasures/renewableenergy/

Solangi, Islam, Saidur, Rahim and Fayaz [47] note that the
increasing attraction of solar electricity policies is a trend
seen in different countries, and is characterized by a conven-
ient access around the world to assessment and reference to
design the suitable incentives [40]. They describe a shift in
the control of energy market from the conventional energy
system to an emergent renewable system where more and
more countries decided to introduce attractive support in-
struments to sustain energy production, distribution and con-
sumption [5; 36; 40; 47]. There are extensive studies investi-
gating the merits of different solar electricity policy instru-
ments: how they influence the use of solar electricity [8; 23;
34; 37]. Within the classification of supportive instruments,
two dimensions of strategies have been developed. In partic-
ular, solar electricity strategies can be categorized as follows:
® Target orientation: this includes an investor-focused strat-
egy to stimulate the installations for SE, and a genera-
tor-based strategy to encourage the generation of electric-
ity from solar electricity.
® Method orientation: this provides a price-driven strategy
offering financial support to attract the private engaging
into this market, and a quantity-driven strategy authoriz-
ing the private sector to own solar electricity.

The principal drivers of the solar electricity policy utiliza-
tion are government interventions and commitments in RE
development. As Cansino, Pablo-Romero, Roman and
Yniguez [5] have recently pointed out, part of solar electricity
stimulation is due to strong government support. In order to
stimulate the proper solar electricity market, countries have
been keen to engage to supportive instruments, such as RPS,
FITs, and TGCs. Furthermore, during recent years, it has be-
come necessary to pay more attention to what can be de-
scribed as an efficient incentive in terms of each national
economic situation. Previous studies have analyzed contem-
porary supportive instruments using a series of criteria with a
view to finding out the most beneficial instruments imple-
mented around the world, by referring to specific countries
and/or technologies [1; 53]. However, none of instruments
would be satisfisaftory by itself to transform a conventional
system into a renewable one with positive consequence only;
some other supportive instruments, corresponding to the par-
ticular circumstances and objectives of a given country in
developing the solar electricity, have to be synergized in the
regulatory framework to reduce handicap in place [40; 41; 46;
47].
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TABLE 1. FUNDAMENTAL TYPES OF POLICY INSTRUMENTS

Price-driven

Quantity-driven

Investor-focused Investment subsidy
Tax credit

Low interest / Soft loan

L 4 Investment grant

Feed in tariff
Feed in premium

Generator-based

L XL X X 2

* Tradable green certificate

Sources: compiled by the authors (Cost ClarityFouquet and Johansson [8]; del Rio and Mir-Artigues [11]; Dusonchet and
Telaretti [14]; Garcia et al. [20]; Oikonomou, Flamos, Gargiulo, Giannakidis, Kanudia, Spijker and Grafakos [37]; Solangi,

Islam, Saidur, Rahim and Fayaz [47]

From the viewpoint of economic scholarship, the effect of
promoting solar electricity emphasizes the overall economical
benefit. Some studies have analyzed the economic, environ-
mental and employment impacts of renewable energy markets
in the world. A wide range of fields has been investigated in
those studies in order to calculate and to predict the beneficial
effects. Some studies aim to present and discuss a quantita-
tive assessment of this new regulatory mechanisms intro-
duced over the world, with respect to its attractiveness to in-
vestors, its effectiveness towards launching the new energy
market, its cost efficiency and its guarantee to overcome in-
vest-based risk accompanying increased expenditure of gov-
ernmental investment [6; 9; 30; 43]. Therefore, the efficiency
of governmental investment in a view to developing solar
electricity market has attracted more attention from scholar-
ship.

B. The infrastructures for solar electricity development
Physical and service infrastructures in relation to solar
electricity market have received relatively limited attention
by scholars. However, for emerging solar electricity indus-
tries to succeed, they need reliable infrastructures to enable
their everyday operations and support their long-term devel-
opments. Especially, the service infrastructures and
high-quality ICT infrastructures are emphasized in the area of
new technologies. We differentiate the following elements
[10; 16]:
® Physical infrastructures: these include communication,
energy and others, such as high-speed ICT infrastructure,
broadband, telephone, electricity grid network, etc.
® Service infrastructures: these are composed by knowledge
and technical capacities, such as availability of scientific
and applied knowledge and skills, testing facilities, possi-
bilities for knowledge transformation, banking, security
and insurance services, patent application, training, edu-
cation etc.

In general, physical infrastructures for electricity supply
are characterized by their large scales, inseparability and long
period of operations. Ths supply of solar electricity is based
on the same physical infrastructures. Therefore, it is highly
likely to avoid additional costs for the private to invest in
them. In this study, we would like to emphasize the im-
portance of the service infrastructures as a basic condition for
solar electricity market incubation.

C. Measuring the efficiency of governmental investment with

DEA approach

For measuring efficiency, data envelopment analysis
(DEA) has been applied to study a wide discipline of practi-
cal issues, including energy efficiency of national market. An
evaluation of energy utility efficiency for regions in China
from 2000 to 2003 has been carried out by Hu and Lee [27].
The inputs include labor, capital stock, gas oil consumption
and electricity consumption, while real gross domestic pro-
duction (real GDP) is the single output. Further discussion
has been made by Honma and Hu [25]; Honma and Hu [26].
They assessed the relationship between extended inputs (in-
cluding labor, private and government capital stock and 11
energy factors) and the same output factor, real GDP in the
DEA model for evaluating the relative energy efficiency and
relative productivity growth of Japanese regions through em-
ploying panel data from 1993 to 2003. From a national
viewpoint, researchers have regarded energy efficiency as
important relative performance among countries. Hawdon [24]
employed DEA to study the impacts of policy developments
simultaneously on the relative performance of gas industries
among 33 developed and developing countries. Gas con-
sumption and numbers of customers are outputs, while em-
ployment and length of pipelines are the inputs. Hu and Kao
[28] investigated an environment energy index for APEC
countries from 1991 to 2000 by adopting the DEA model. In
their study, the inputs examined are labor, capital stock, en-
ergy consumption and CO, emission, while GDP is the only
output.

During the process from electricity production to con-
sumption under normal circumstances, undesirable outputs,
such as a variety of environmental pollutions, will be una-
voidably produced. The maximum-output efficiency evalua-
tion of traditional DEA model is thus not suitable to be used
in this situation; undesirable outputs need to be specially
dealt with by expanding traditional DEA model. Fare,
Grosskopf, Lovell and Yaisawarng [19] proposed the first
extended DEA model to deal with the environmental effi-
ciency evaluation considering the undesirable outputs with
the weak disposability. So far most researchers have not only
focused on economic and financial efficiency, but also paid
attention to environmental efficiency evaluation. Zaim and
Taskin [55] conducted cross-section comparisons on the pro-
duction processes in the treatments of pollution emission be-
tween OECD countries by using non-parametric approach.
Talluri and Sarkis [50] had summarized the applications of
the DEA model in environmental efficiency research. Based
on the indicators in the DEA model proposed by Esty et al.
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[18], namely, their total final energy consumption, renewable
energy consumption and CO, emissions, Zhou et al. [56]
constructed a sustainable energy index to determine the effi-
ciency of ustainable energy development in APEC coun-
tries. Zhou et al. employed the efficiency analysis method
based on the environmental DEA technique and non-radial
DEA model for investigating carbon emissions within several
countries[57; 58]. Gomes and Lins [21] developed zero sum
gains DEA to evaluate carbon emission within 64 countries
with terms of considering Kyoto Protocol statement. Sozen
and Alp [49] compare the distance of environmental protec-
tion efficiency between Turkey and the EU countries apply-
ing carbon emissions (such as CO, and SO,) and pollutants
values as the output in the DEA model. Yeh et al. [54] further
integrate GDP, CO, emission and SO, emission as good and
negative outputs to assess energy efficiency through repre-
senting inputs for labor, capital stock and energy consump-
tion in China and Taiwan from 2002 to 2007.

From the perspective of promoting solar electricity pro-
motion, the amount of electricity generation from solar re-
sources as the efficiency is the generated capacity associated
with the policy targets [13; 15; 59]. Previous studies applied
the number of customers, the scope of service area and elec-
tricity sales as outputs to analyze the production efficiency of
electricity distribution industry in domestic market with a
view to considering productive efficiency; the input items
they employed include the number of employees, circuit km
of electricity network length and network losses [3; 38]. Zhou,
Wang and McCalley [59] presented a bi-level optimization
approach to investigate cost efficiency through measuring
how much policy-makers intervene in order to achieve a goal.
In comparison with their study which focuses on achieving a
goal with less intervention, Deshmukh, Bharvirkar, Gambhir
and Phadke [13] maintain that governments adopt efficiency
policy not only to fulfill their targets, but also to improve the
technology capacity to reduce the cost of solar electricity
generation. Previous studies aslo argue that FITs scheme
would influence the domestic fiscal burden so that the gov-
ernments should amend their policy based on their economic
situation to limit total subsidy for installing solar electricity
deployment. However, del Rio and Mir-Artigues [11] note
that under such a circumstance the limitation can encourage
the use of more efficient technology in order to produce more
solar electricity from the deployment of existent installations.

Overall, researchers have constructed a variety of DEA
efficiency models considering desirable and undesirable out-
puts, including productive and technical efficiency improve-
ment, environmental performance evaluation, pollutant emis-
sion assessment and shadow prices of pollutant estimation.
As Ekins [17] argues that the price incentives are likely to be
an important instrument for improving renewable energy ef-
ficiency, the RE promotion may be successful in practical
terms. Thus, Ekins highlighted “How necessary are price
increases to encourage behavior change (and reduced abso-
lute levels of emissions) in a context of rising incomes?” Ad-
ditionally, Song et al. [48] reviewed related studies and indi-
cated that the results of environmental efficiency analysis are

related some aspects. One important element is that they con-
sidered environmental pollutants and other undesirable out-
puts, associated with resources invested in the production
process, which increased and or decreased with desirable
outputs. They pointed out that, when the efficiency is im-
proved by a decision-making unit, one can increase desirable
outputs while reducing undesirable outputs at the same time.
In fact, the previous study demonstrated that within OECD
countries if the disposability for carbon emission were strictly
restricted as the result of the environmental regulation, the
total value of GDP would lose accompanied by the carbon
emission reduction[55].

III. RESEARCH METHODOLOGY

As Rayp and Van De Sijpe [44] wrote, a evaluation meas-
ure for governmental performance does not exist. This im-
plies that in order to identify its performance for developing
RE, we first have to derive an estimate for governmental
performance for RE. For this purpose we opt for the data de-
velopment analysis (DEA) approach. DEA model constructs
the efficiency by ‘enveloping’ the data according to the as-
sumption that the production possibility set is the smallest set
that satisfies convexity and free disposability, whilst contain-
ing all observed combinations of multiple inputs and outputs.
Next, ‘efficiency’ is measured as the distance from the con-
structed production possibility frontier that indicates what
outputs can be expanded with fixed inputs.

As a result of the awareness of environmental conserva-
tion in the modern society, undesirable outputs of production
and social activities (e.g. air pollutants and hazardous wastes)
have aroused strong concerns [22; 57]. Thus, the develop-
ment of technology with less undesirable outputs is a crucial
issue in every field of production. Researchers for this reason
assume that producing more desirable outputs relative to
fewer inputs and less undesirable outputs is a criterion of
efficiency. In previous studies, several researchers have pro-
posed methods for this purpose [7; 19; 21; 39; 45]. However,
the maximum-output or minimum-input efficiency evaluation
of traditional DEA model is not suitable to be employed in
such situation; undesirable outputs need to be specially dealt
with by expanding traditional DEA model. Fare, Grosskopf,
Lovell and Yaisawarng [19] proposed the first extended DEA
model to deal with the environmental efficiency evaluation
considering the undesirable outputs with the weak disposabil-
ity. Energy field studies using undesirable DEA model have
been with DMUs with multiple inputs and outputs referred to
the studies of Fare, Grosskopf, Lovell and Yaisawarng [19]
on the application of DEA in the environment related issues.

We assume that certain undesirable outputs are not sepa-
rable from the corresponding desirable outputs. Hence, re-
ducing undesirable outputs is inevitably accompanied by the
reduction in desirable outputs. Additionally, we observe that a
certain undesirable output is non-separable with a certain
input. In this study, for electric utilization, carbon emissions
are proportional to the energy resource consumptions in the
input side. Non-separable DEA model deals with this situa-
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tion. For this, we decompose the set of desirable and unde-
sirable outputs into Y and (Y"*¥Y"’) where Y* denotes
separable desirable (good) outputs, Y™’ and Y*"
non-separable desirable and undesirable (bad) outputs in this
study. The set of input X is decomposed into (X°.X"*) where
XS € R™>*" and XNS € R™2*" denote respectively the
separable and non-separable inputs. For the separable outputs
Y%, we have the same structure of production as usual outputs.
However, the non-separable outputs (Y% Y*) need another
handling. A reduction of the undesirable outputs "’ is de-
signed by ay™™” with 0 < a < 1, which is accompanied by a
proportionate reduction in the desirable outputs )/ng as de-
noted by ay™* as well as in the non-separable input denoted
by ox™.

In this study, the production possibility set under CRS is
defined by

Pys = {(XS'XNS'ySg‘ yNse, yNSb)

x5 > X5), xNS > XNS), yS8 < yS8), yNS8
< YNS&), yNSb < YNSb A > 0

We then alter the definition of the efficiency status in the
non-separable case as follows
A DMU (xo,x0 A ,yglsg, Yo Sb) is recognized as effi-
cient in this study if and only if
(1) for any a (O<a<l) |, we

(Xo,axo , 0y, ,ony(lfsg ayoNSb) ¢ Pys, and
(2) there is no ((x X S,ysg, yNSg, yNSb) € PNS) such that
g > XS,XONS xN NSg NSb _
NSb

have

S
S,¥o8 <y%8,y, = yNSE,yd

y
with at least one strict inequality.

We implement this model by the program in
(A, s57,sN57,5%8,5N0 o) under additional constraints as
follows.

e '———z s~ m2 (1 - )
p* = min
1+ %(ziﬂ Y Szm, + (531 +522)(1 - a)>
Yro
Subj ect to
XSX + 55
ax = XNS), 4 sNS-

Vo8 = Y58 — 558
ayONSg < yNsgy
ayNSb = yNSbj | gNsb
P (Yrsg + Ssg) +aX2y yyosg =4 yf§
ziza Yio© (@
%g < u(vr) (b)

ro

S— <NS-
’

s57,sNS5— 558 sNSb ) >0 0<a<1,
where S;1,S21,S,, are respectively numbers of element in Sg,
NSg and NSb, and s = s;; + S,; + S,,. The constraint (a) is
added in order that the total amount of desirable outputs re-
mains unchanged. The constraint (») is added in order to re-
strict the expansion of separable desirable outputs in a rea-

sonable range.

Finally, let an optimal solution of the above program be
(p*, 1", 557", sNS=* 558" gNSe* gNSb* o*) ' then we have
0 <p* <1, and is holds that p* =1 if and only if the DMU
is efficient under added conditions. If the DMU is in-efficient,
it can be improved and become efficient by the projection
below.

x5 x5 —s5

NS

*
NS = (X*XO NS-

—-s
s s .
yogcyg+sSg

NS

NSb NSb NSb*
Yoo SYoo —S

Furthermore, we decompose this overall efficiency into re-
spective in-efficiencies as follows:
mq myp
1-%;- 10‘11 Yo 1“21

p = 1_'_2511 B1r+2521 Bzr"'z 224
Where
Oy = ésjs_ (i=1,..,my) (Separable inputs)
P i(1 - i=1,..,m,) (Non-separable inputs)
B, = zsysg (r=1,..,s11) (Separable desirable outputs)
Bor =1 2A-a)(c=1,..,5) (Non-separable desirable out-
puts)

1sNS

By =-(1—o)+: NSb(r
sirable outputs)

(Non-separable  unde-

s s S22)

A. Indicators
1) Electricity utilization indicators: DEA inputs

Electricity market can be organized through different
governmental investment such as electricity market creation
considering different resources and electricity supply infra-
structure. In this study, solar electricity defines that electricity
is generated only from solar irradiation through solar photo-
voltaic and/or solar thermal. Governments implement regula-
tory policy and compile the cost of incentive budget for ex-
penditure in order to create new solar electricity market. In
general terms of electricity utilization, the public infrastruc-
ture can be recognized as an important issue on the quality of
electricity supply. Here, there are three approaches to meas-
ure the renewable electricity utilization. Under the first ap-
proach, for developing solar electricity, governments have
introduced some supportive incentives in order to construct
emergent market mechanism. In terms of RPS, FIT schemes
or other incentives, all supportive activities are summed in
one budget with the share of government annual total ex-
penditure (Yamaguchi et al., 2013). Second, we employ the
gross fixed capital formation as an indicator associated to
invest one part of national infrastructures for electricity utili-
zation. From the viewpoint of market operation, all electricity
users have to submit application to the utility for installation
and transportation for conventional electricity and/or renewa-
ble electricity inevitably. It takes amounts of time depending
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on the level of electricity infrastructures, including applica-
tion processes, grid intensity and electricity generation and
stock capabilities. Third, price indices of means of electricity
production are composed of several categories including re-
newable energy resources, clean energy resources and con-
ventional energy resources into one magnitude. For some
major renewable markets, researchers observed that as a
practical matter, the users will absorb extra expenses which
are the added cost of purchasing renewable electricity and
additional administrative charge from utilities. Thus, the re-
newable electricity market can be assumed to be maturing
accompanied by the level of national income (Aalbers, van
der Heijden, Potters, van Soest, & Vollebergh, 2009; Ab Ka-
dir, Rafeeu, & Adam, 2010; [11]; [37]; [46]; [51]; [59].

Therefore, we propose to use four electricity utilization
indicators as DEA inputs which are government total ex-
penditure (EXP), gross fixed capital formation (GFCF), total
income per capita (INC) and days required getting electricity
(DAY). Here, days required getting electricity is recognized as
non-separable input for measuring electricity utilization as
the generation, transportation and supply need to be taken
into consideration when users apply for using electricity.

2) Electricity consumption indicators: DEA outputs

The electricity utilization output indicator can be defined
as economic and/or environmental indicator of activity level
performed in the market. It is obvious that the higher level of
development for new solar electricity market, the more
tendencies toward using energy, economic and environmental
indicators since in high level of development, the growth of
solar electricity market makes it clear to achieve the su-
pra-national and/or intra-national targets. Energy, economic
and environmental output indicators for national level have
been used frequently in literatures and in practice such as IEA
survey and the Directives [18]; [22]; [26]; [37]; [42]; [48].
Here are these indicators: gross domestic production, the
percentage of solar electricity in total final electricity con-
sumption, total electricity consumption and CO, emissions.

(1) Gross domestic production (GDP): The most com-
prehensive measure of national output accompanied by im-
plementation of renewable electricity policy.

(2) The percentage of solar electricity on total electrici-
ty consumption (PRE): One of the targets set by several coun-
tries is to increase the percentage of solar electricity. The
percentage of solar electricity is based on the renewable en-
ergy development set by governments. For example, in re-
newable-advanced countries, German, Spain and France, the
targets of renewable energy have to reach around 18% to
23% of total final energy consumption by 2020; in some
latecomers of renewable energy markets, China, Taiwan,
Malaysia and Indonesia, the targets of the percentage of re-
newable energy are from 10% to 24%. In general, the average
of the targets has to be achieved about 20% by 2020 to 2030°.
Here, we choose solar electricity as our target owing to the

* See the details of other countries in the website of International Energy
Agency (IEA): http://www.iea.org/policiesandmeasures/renewableenergy/

carbon emission within the lifecycle from manufacturing so-
lar equipment to recycling used equipment nearly equal to
zero. In order to reduce carbon emission, government can
attract the private to install solar electricity deployment. Thus,
in this study, this output is positively non-separated with un-
desirable outputs which we describe following.

(3) The ratio of total electricity generation (TEG): A
measure of electricity utilization output that includes renewa-
ble, clean and other conventional electricity. With a view to
energy conservation and carbon reduction, it is expected that
producing more electricity will increase government perfor-
mance. Accordingly, this indicator here is recognized as a
desirable output which is directly associated with carbon
emission.

(4) CO, emission to GDP (COE): The carbon equivalent
of air pollutant derived from national activity. Several gov-
ernments have been concerned with the impact of carbon
emission; thus they must consider the carbon emission reduc-
tion through implementing renewable energy and/or advocat-
ing energy conservation. The researcher considers that unde-
sirable outputs are not separable from the corresponding de-
sirable outputs [52]. In this vein, reducing undesirable outputs
is unavoidably accompanied by reducing desirable outputs.
Therefore, the non-separability between desirable outputs and
undesirable output should be taken into account in the appli-
cation of the DEA model.

IV. EMPIRICAL RESULTS

Even though data on solar electricity production and in-
vestment is relatively mere, a little information is still availa-
ble on productive inputs and costs for the purpose of interna-
tional comparisons. This study uses country level data made
available by estimating efficiency measures of the solar elec-
tricity policy among these 25 countries. This study employs
seven variables as inputs and outputs. Inputs include: EXP,
GFCF, INC and DAY. Outputs include: GDP, PRE, TEG and
COE. This study derives our data from the World Develop-
ment Indicators and the Doing Business Database of the
World Bank, the Statistical Review of World Energy of the
British Petroleum Company and the National Statistics of
Taiwan’s Statistical Bureau.

The solar electricity markets sampled in this study include
25 countries over 4 years. Summary statistics are shown in
Table 1 for the solar electricity markets. For national eco-
nomic development, the average percentages of government
total expenditure and investment to GDP are about 42 and 22
within the given years and the standard deviations are lower
than the averages, suggesting that governments put similar
efforts on development. However, the standard deviations of
CO, emissions and total electricity generation are both much
higher than average, implying that some countries’ CO, emis-
sions and total electricity generation, for example, in 2009 are
much lower than 625 tons and 399 tons while others are sig-
nificantly higher.
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TABLE 1.SUMMARY STATISTICS FOR 2009 —2012 BALANCED PANEL DATA FOR SOLAR ELECTRICITY MARKETS

Variable 2009 2010 2011 2012

Mean Standard deviation =~ Mean Standard deviation =~ Mean Standard deviation =~ Mean Standard deviation
EXP (% of GDP) 42.967 11.185 42.065 11.534  41.596 11.130  41.800 11.091
GFCF ( % of GDP) 21.932 7.299 21.854 6.152 21.699 6.011 21.499 6.439
INC ( PPP, current US$) 28397.000 11399.219 29371.240 11809.629 30264.320 11947.616 31256.120 12492.750
DAY (days) 95.040 70.970 87.960 58.864 87.680 58.646 85.560 56.617
COE (103USS$/tons) 625.033 1394.641 667.084 1537.472  694.938 1675.055  724.890 1784.326
TEG (103US$/toe) 399.057 727.953  430.909 820.581  451.245 914.814  462.070 958.018
GDP (current US$) 28641.793 16456.996 29314.991 16992.615 31873.007 19167.341 30205.423 18645.165
PRE (%) 0.002 0.004 0.003 0.006 0.007 0.011 0.011 0.016

Note: The number of DMUs from 25 countries within 4 years is 100.

Table 2 lists the correlation analysis between inputs and
outputs. The correlation analysis clearly states that the corre-
lation coefficients between outputs and inputs are almost sig-
nificant. The first step of DEA model involves determining
the positive/negative relationship between inputs and outputs.
We here employ a Pearson correlation analysis to test for iso-
tonicity, that is, the positive and negative directions of the
relationship between inputs and outputs. Based on results of
the inter-correlation analysis, the correlation coefficient be-
tween INC, EXP and PRE is significantly positive, meaning
when a government gives more financial supports for devel-
opment and for income, the proportion of solar electricity
would be increased more; the correlation coefficient between
GFCF and TEG, COE are significantly positive, meaning that
with more government investments for infrastructures, the
total electricity generation and CO, emissions would be in-
creased more. The correlation coefficient DAY and PRE is
significantly negative, meaning that more days for getting
electricity supply will decrease the proportion of solar elec-
tricity.

The DEA analysis of the data presented in Table 3 has
been performed using DEA-Solver software package. The
efficiency scores of countries in different years (year-country)
are examined by CRS (constant return to scale) assumption
and VRS (variable return to scale) assumption separately. The
efficiencies of countries showed that in developing solar

electricity markets some countries are relatively competitive
to the others.

Table 3 shows that 46 of 100 DMUs have been considered
efficient (in terms of the GDP and PRE) under the CRS as-
sumption within 2009 and 2012. In 2009, they are Austria
(AUT) (The name of each country is presented in Appendix
A), Denmark (DNK), France (FRA), Germany (DEU), Por-
tugal (PRT), Spain (ESP), Sweden (SWE), Switzerland (CHE)
and Japan (JPN); in 2010, they are Austria, Belgium (BEL),
Czech Republic (CZE), Denmark, France, Germany, Portugal,
Spain, Sweden, Switzerland, Australia (AUS) and Japan; in
2011, Czech Republic, Denmark, France, Germany, Greece
(GROC), Italy (ITA), Spain, Sweden, Switzerland, Australia
and Japan; in 2012, they are Austria, Belgium, Bulgaria
(BGR), Czech Republic, Denmark, France, Germany, Greece,
Italy, Spain, Sweden, Switzerland, Australia and Japan. These
46 DMUs have been considered in this study as have high
total efficiencies compared to the others as the effect markets
structure has been eliminated in each year. When VRS is as-
sumed, about three quarters of them have also been consid-
ered efficient (see details in Table 3). As expected, the VRS
efficiencies, which measure pure technical efficiencies ex-
cluding effects of scale of operations, are larger than the cor-
responding CRS efficiencies. For instance, the CRS efficien-
cies of India (IND) are between 0.65 and 0.71 during the

TABLE 2.CORRELATION MATRIX FOR INPUTS AND OUTPUTS

EXP GFCF INC DAY GDP PRE TEG COE
EXP 1 -6117 609 .008 5027 219" -400™ -4157
GFCF -6117 1 -557" 179 -444" -.166 806" 829™
INC .609™ -557" 1 -258" 940™ 162 -408™ -435"
DAY .008 179 -258" 1 -292" 162 .149 165
GDP 5027 -4447 940" -292" 1 063 -3147 -345"
PRE 219" -.166 162 162 063 1 -073 -.088
TEG -400™ 806" -408" 149 -314" -073 1 993"
COE -415™ 829™ -435" 165 -345" -.088 993" 1
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given years and their scores increase to 1 under the VRS
assumption. The CRS efficiency score is lower because this
country does not operate at a best possible scale size. The
ratio of CRS and VRS efficiency is the scale efficiency. For
example, the scale efficiencies of Mexico are all lower than
0.1, meaning that the country is not able to reach unit effi-
ciency because it is not operating at the most productive
scale size, and its present size of operations reduces its pure
technical efficiency (i.e. the VRS efficiency) by 99%. When
VRS is assumed, Mexico, Greece, Bulgaria, Portugal, Israel
and India in some given years are considered efficient. This
suggests that the CRS inefficiencies of these four countries
are due to the fact that they are not operating at the best pos-
sible scale size.

The pure technical efficiencies in Italy were inefficient in
2009 and 2010 led the total efficiencies to be inefficient, but
the total efficiencies in 2011 and 2012 increased to 1. It im-

plies that the service infrastructures of sale and net metering
for renewable electricity provided by GSE® from 2009 might
be working. Besides, closely examining Table3, the total
efficiencies and pure technical efficiencies in Spain and
Germany were still efficient within 2009 to 2012, despite the
financial support by their governments were terminated or
declined before 2008. It implies that the solar electricity
markets could operate by the existing market structures and
mechanisms in Germany and Spain. As a latecomer, the total
efficiency in Taiwan is relatively efficient because the de-
velopment of solar equipment industries in Taiwan is mature
and reaches its mass production technical level rapidly. The
reason why solar electricity market in Taiwan could grow
rapidly, the gross of solar cell exports reaching over 61 mil-
lion in 2012 from USD 0.1 million in 2005 of the European
market, is that the demand of solar electricity equipment
increased significantly from 2004 in the main EU countries.

TABLE 3.RELATIVE EFFICIENCIES AND PEERS FOR 25 SOLAR-ELECTRICITY-DEVELOPMENT COUNTRIES IN EACH YEAR
WITHIN 2009 - 2012

Year-country CRS efficiency VRS efficiency Scale efficiency Peer(s)

09MEX 0.085 1 0.085 09DNK 09CHE

09AUT 1 1 1 -

09BEL 0.448 0.640 0.700 09ESP 09CHE

09BGR 0.064 1 0.064 09ESP 09CHE

09CZE 0.204 0.603 0.338 09ESP 09CHE

09DNK 1 1 1 -

09FIN 0.766 0.997 0.768 09DNK 09SWE 09CHE
09FRA 1 1 1 -

09DEU 1 1 1 -

09GRC 0.312 1 0.312 09ESP 09CHE

09ITA 0.344 0.516 0.667 09ESP 09CHE

09NLD 0.409 0.539 0.758 09DNK 09CHE

09PRT 1 1 1 -

09ESP 1 1 1 -

09SWE 1 1 1 -

09CHE 1 1 1 -

09GBR 0.465 0.997 0.466 09DNK 09FRA 09SWE 09CHN
09ISR 0.295 1 0.295 09ESP 09CHE

09AUS 0.458 0.541 0.846 09DEU 09CHE 09CHN
09CHN 0.927 1 0.927 09AUT 09DEU

09IND 0.662 1 0.662 09FRA 09CHN 09JPN
09JPN 1 1 1 -

09MYS 0.949 0.952 0.997 09SWE

09KOR 0.721 1 0.721 09AUT 09DEU 09CHN
09ROC 0.946 1 0.946 09CHE 09CHN 09JPN
10MEX 0.093 1 0.093 10DEU 10CHE 10CHN
10AUT 1 1 1 -

10BEL 1 1 1 -

10BGR 0.066 1 0.066 10ESP 10CHE

10CZE 1 1 1 -

10DNK 1 1 1 -

10FIN 0.864 0.997 0.866 10DNK 10SWE

10FRA 1 1 1 -

10DEU 1 1 1 -

10GRC 0.452 1 0.452 10DNK 10ESP 10CHE
10ITA 0.395 0.589 0.671 10ESP 10CHE

10NLD 0.412 0.628 0.656 10DNK 10CHE

10PRT 1 1 1 -

10ESP 1 1 1 -

10SWE 1 1 1 -

10CHE 1 1 1 -

10GBR 0.466 0.998 0.467 10DNK 10SWE 10CHE 10CHN

® GSE is the government-owned company with the mission of promoting renewable energy.
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10ISR 0.323 1 0.323 10ESP 10CHE

10AUS 1 1 -

10CHN 0.933 1 0.933 10AUT 10DEU

10IND 0.649 1 0.649 10FRA 10CHN 10ROC
10JPN 1 1 -

10MYS 0.950 0.952 0.998 10SWE

10KOR 0.872 1 0.872 10DEU 10CHE 10CHN
10ROC 0.945 1 0.945 10CHE 10CHN 10JPN 10KOR
1IMEX 0.082 1 0.082 11ISWE 11CHE 11CHN
11AUT 0.640 1 0.640 11DEU 11CHE

11BEL 0.920 1 0.920 11CZE 11GRC 11ITA 11CHE
11BGR 0.119 1 0.119 11FRA 11ESP 11CHE
11CZE 1 1 -

11DNK 1 1 -

11FIN 0.933 0.995 0.938 11DNK 11ISWE

11FRA 1 1 -

11DEU 1 1 -

11GRC 1 1 -

11ITA 1 1 -

1INLD 0.375 0.591 0.635 11SWE 11CHE

11PRT 0.459 1 0.459 11CZE 11ESP 11CHE
11ESP 1 1 -

1ISWE 1 1 -

11CHE 1 1 -

11GBR 0.328 1 0.328 11SWE 11CHE 11CHN
11ISR 0.335 0.708 0.472 11ESP 11CHE

11AUS 1 1 -

11CHN 0.930 1 0.930 11DEU 11CHE

11IND 0.676 1 0.676 11DEU 11CHN 11JPN
11JPN 1 1 -

1IMYS 0.951 0.952 0.998 11ISWE

11KOR 0.902 1 0.902 11DEU 11CHE 11CHN
11ROC 0.942 1 0.942 11DEU 11CHE 11CHN 11JPN 11KOR
12MEX 0.096 1 0.096 12SWE 12CHE 12CHN
12AUT 1 1 -

12BEL 1 1 -

12BGR 1 1 -

12CZE 1 1 -

12DNK 1 1 -

12FIN 0.947 0.992 0.955 12SWE 12CHE

12FRA 1 1 -

12DEU 1 1 -

12GRC 1 1 -

12ITA 1 1 -

12NLD 0.344 0.902 0.382 12SWE 12CHE

12PRT 0.405 1 0.405 12BEL 12ITA 12CHE
12ESP 1 1 -

12SWE 1 1 -

12CHE 1 1 -

12GBR 0.321 1 0.321 12DEU 12CHE

12ISR 0.309 0.682 0.453 12ITA 12CHE

12AUS 1 1 -

12CHN 0.999 1 0.999 -

12IND 0.710 1 0.710 12DEU 12CHN 12JPN
12JPN 1 1 -

12MYS 0.950 0.952 0.998 12FIN 12SWE

12KOR 0.914 1 0914 12DEU 12CHE 12CHN
12ROC 0.942 1 0.942 12DEU 12CHE 12CHN 12JPN

The government resource managers and policy-makers are
interested in estimating how much a particular desirable out-
put can be increased and/or an input can be reduced in terms
of improving their energy efficiencies. Additional decreases
in specific inputs are needed for solar electricity market to
operate as well as the most efficient markets. Increases in
desirable outputs could be reached at lower levels of resource
inputs. Thus, we then focus on the difference between solar

electricity markets within 25 sampled countries. After apply-
ing DEA to efficiency evaluation, each inefficient county
would be assigned benchmark peer(s) for reference. For ex-
ample, Taiwan’s peers in 2012 are Germany, Switzerland,
China, Japan and South Korea, meaning that Taiwan in 2012
can try to emulate these three countries (as far as the propor-
tion of solar electricity is considered) in order to improve the
generation of solar electricity that will enable it to be consid-
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ered best in the DEA study. Therefore, inefficient countries
can know the target value of each input and output. Table 4
and 5 report potential improvement of inputs and outputs for
total efficiency under CRS and VRS assumption respectively,
meaning that inefficient countries can improve efficiency by
decreasing resource inputs, undesirable output and/or in-
creasing desirable outputs. For each inefficient country, we
break down their inefficiency in terms of specific outputs and
inputs, in percentage terms, calculated by “(target value —
initial value) divided by initial value” of each input and out-
put. Specifically, Table 4 and 5 accordingly answer the ques-
tions: (1) to what extent should governments further decrease
their supports while maintaining the electricity utilization at
the current level?; and (2) to what extent should governments
increase the production of solar electricity generation and
decrease the emission of CO, air simultaneously?

Referring to table 4 or 5, policy makers can select one of
them for improving the performance of inefficient countries
based on their preferences. For instance, in terms of the total

efficiency under CRS assumption (see table 4), the total ex-
penditure and investment of government, days for getting
electricity, total electricity generation and CO, emission of
12ROC (Taiwan in 2012) should be reduced by 0.9%, 1.6%,
0.7%, 0.7% and 0.7%, respectively and its proportion of solar
electricity should be increased by 20%. After those improve-
ments, 12ROC would become an efficient country among its
peer group. In terms of the total efficiencies of all sampled
countries, the average potential improvements are total ex-
penditure: -19.8%, gross fixed capital formation: -17.3%, net
income per capita: -11.4%, days for getting electricity:
-24.3%; GDP: 1.1%, proportion of solar electricity: 7.2%,
total electricity generation: -16.8% and CO, emissions:
-21.7%. Closely examining the average potential improve-
ments, in the future, “days for getting electricity” should be
tackled first; in particular, policy makers of countries should
pay more attention to the reduction of CO, emission during
electricity generation.

TABLE 4. POTENTIAL IMPROVEMENT (%) ON TOTAL EFFICIENCY OF INEFFICIENT DMUS DURING 4 YEARS

DMU EXP GFCF INC DAY GDP PRE TEG COE DMU EXP GFCF INC DAY GDP PRE TEG COE
09MEX -87.1% -92.6% -68.5% -98.8%  4.8% 0.0%  -97.7% -99.1% 1IMEX -88.6% -91.8% -722% -96.9% 4.5%  20.0% -96.9% -98.3%
09BEL -54.4% -293% -10.8% -62.7% 0.1%  20.0% -23.7% -61.1% 11AUT -59.8% -42.6% -273% -3.1%  0.0% 0.0%  -0.8% -14.4%
09BGR -93.5% -953% -747% -97.9% 09%  20.0% -873% -91.5% 11BEL  0.0% -54% -59% -24%  0.0% 0.0% 0.0% -17.3%
09CZE -752% -73.6% -412% -944% 03%  20.0% -57.9% -73.8% 1IBGR -86.4% -89.5% -73.4% -932% 0.5% 0.0% -41.5% -41.5%
09FIN  -13.0% -209% -6.7% -20.6% 0.0%  20.0% -11.3% -11.3% I11IFIN -14% -19% -04% -1.8% 0.0% 20.0% 0.0% -1.4%
09GRC -72.6% -543% -299% -69.0% 0.1%  20.0% -282% -69.2% I1INLD -49.5% -255% -24.0% -802% 0.1% 20.0% -452% -88.3%
09ITA  -59.2% -36.5% -17.8% -83.5% 0.7%  20.0% -764% -85.6% 1IPRT -71.3% -56.5% -36.7% -50.0% 0.0% 0.0% 0.0% -2.3%
O9NLD  -47.7% -22.0% -113% -79.5% 0.1%  20.0% -54.6% -86.7% 11GBR -60.7% -31.0% -352% -80.8% 0.9%  20.0% -80.8% -85.9%
09GBR -193% -163% -28.0% -73.0% 09%  20.0% -73.0% -73.0% 11ISR -664% -578% -29.7% -83.4% 0.0% 0.0% -153% -43.1%
09ISR  -70.5% -50.1% -25.7% -87.7%  0.1%  20.0% -43.1% -713% 11CHN -1.1% -15% -0.1% -1.6% 23% 20.0% -1.6% -1.6%
09AUS -30.4% -463% -7.1% -612% 03%  20.0% -612% -753% 11IND -21.1% -21.4% -13.8% -203% 20.0% 20.0% -19.1% -19.1%
09CHN -12% -1.7% -02% -1.8% 25% 200% -18% -1.8% 1IMYS -0.1% -0.1% -0.1% -0.1%  0.0% 0.0%  -0.1%  -0.1%
09IND  -23.6% -23.9% -13.6% -21.9% 20.0% 0.0% -19.5% -19.5% 11KOR -2.0% -48% -3.0% -39% 0.1% 20.0% -39% -3.9%
0OMYS  -02% -02% -02% -02%  0.0% 0.0% -02%  -03% 11IROC -19%  -25%  0.0% 0.0% 0.0%  20.0%  0.0% 0.0%
09KOR  -45% -233% -151% -22.1% 0.6%  20.0% -22.1% -22.1% 12MEX -85.0% -912% -69.3% -952% 4.6%  20.0% -952% -98.3%
09ROC  -1.0% -12% -0.1% -0.1%  0.0% 0.0% -0.1%  -0.1% 12FIN  -0.6% -0.4% -02% -04%  0.0% 200% 0.0% -0.4%
IOMEX -88.5% -90.9% -664% -96.7% 4.4%  20.0% -96.7% -98.4% 12NLD -58.1% -29.4% -25.7% -829% 0.1%  20.0% -493% -89.5%
10BGR  -93.6% -93.9% -75.6% -97.6% 1.0% 20.0% -84.7% -87.5% 12PRT -73.0% -61.7% -39.1% -61.0% 0.0% 0.0% 0.0% -3.9%

1I0FIN  -6.8%  -85% -18% -7.6% 0.0% 20.0% 0.0% -73% 12GBR  -62.0% -33.5% -31.0% -83.4% 09%  20.0% -81.3% -87.5%
10GRC  -52.2% -48.5% -26.5% -57.9%  0.0% 0.0% 0.0% -37.8% 12ISR  -68.4% -62.8% -31.0% -82.8% 0.1% 0.0%  -29.6% -51.0%

10ITA  -53.0% -33.0% -15.5% -785% 0.7% 0.0% -66.1% -78.0% 12IND -17.6% -17.9% -11.6% -17.3% 20.0% 20.0% -164% -16.4%
IONLD -423% -20.7% -144% -80.5% 0.2%  20.0% -628% -87.6% 12MYS -0.1% -02% -0.1% -0.1%  0.0% 0.0% -0.1%  -0.2%
10GBR  -20.1% -19.0% -23.4% -732% 09%  20.0% -73.2% -732% 12KOR -1.5% -38% -22% -3.0% 0.1% 200% -3.0% -3.0%

10ISR  -67.6% -53.4% -199% -853% 0.1%  20.0% -272% -58.8% 12ROC -0.9% -1.6% 0.0% -0.7%  0.0%  200% -0.7% -0.7%
I0CHN  -09% -13% -0.1% -1.4% 2.0% 200% -14% -1.4%

10IND  -248% -254% -133% -23.9% 20.0%  0.0% -209% -20.9%
10MYS  -0.1% -02% -0.1% -0.1%  0.0% 0.0% -0.1%  -0.2%

I0KOR  -2.7%  -82% -47% -6.6% 02% 20.0% -6.6% -6.6%

I0ROC  -12%  -1.6% 0.0% 0.0% 0.0%  20.0%  0.0% 0.0%
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TABLE 5. POTENTIAL IMPROVEMENT (%) ON PURE TECHNICAL EFFICIENCY OF INEFFICIENT DMUS DURING 4 YEARS

DMU EXP GFCF INC DAY GDP PRE TEG COE DMU EXP GFCF INC DAY GDP PRE TEG COE
09BEL -26.8% -0.8% -3.3% -44.0% 0.0% 20.0% -9.1% -44.0% 1INLD  0.0% 0.0% -12.6% -72.7% 0.1% 20.0% -25.2% -56.5%
09CZE -69% 0.0% -99% -64.0% 02% 20.0% -40.0% -54.8% 11ISR -0.6% -7.5% -0.9% -47.0% 0.0% 20.0% -3.8% -32.8%
09ITA -389% 0.0% -162% -792% 0.3% 20.0% -37.3% -47.0% 12NLD  0.0% 0.0% -1.1% -7.8% 0.0% 20.0% 0.0% -6.8%
OINLD -26.5% 0.0% -2.6% -69.6% 0.0% 20.0% -16.2% -69.3% 12ISR 0.0% -6.9% -0.5% -482% 0.0% 20.0% -13.2% -37.7%
09ISR 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0%
09AUS -17.0% -32.1% -6.3% -56.2% 0.2% 20.0% -37.6% -56.3%
10ITA -10.5%  0.0% -1.0% -64.7% 0.6% 20.0% -56.9% -64.7%
IONLD  0.0% 0.0% -6.4% -66.4% 0.1% 20.0% -19.4% -50.7%

Table 6 summarizes the averages of the efficiency scores
of countries from 2009 to 2012. This table also calculates the
change rates of 2012 in comparison with those of 2009 —
2011. For instance, the change rate of total efficiency with
CRS assumption in 2012 in contrast with that of 2009 was
22.83%, implying that the total efficiency in 2012, compared
to 2009, was improved by 22.83%. From this finding, we
may infer that policy makers made an progress in total effi-
ciency in 2012 compared with 2009 — 2011. Notice that the
average is sensitive to outliers. Closely examining Table 3,
one may detect that the total efficiency of Israel market in
2012 in contrast with that in 2011 is -0.305, calculated by
(VRS of 12ISR) — (VRS of 11ISR). If the outlier is excluded
from the computation on average, both of total and pure tech-
nical efficiencies would show improvement in 2012 com-
pared to 2011.

Fig. 1 displays the trends of the two efficiency scores over
time, indicating the following: (1) although the total efficien-
cy increases significantly from 2009 to 2012, and more
slightly increases within the mid-term period 2010 to 2011;
and (2) the pure technical efficiency significantly increases
from 2009 to 2012, and more slightly increases from 2011 to
2012. The time trends of the two efficiencies are satisfactory
for countries during the given period, especially the trend of
pure technical efficiency achieves 1.

Fig. 2 shows that averages of total efficiencies and pure
technical efficiencies related to developed- and developing-
countries. According to this figure, the pure technical effi-
ciency of developing countries is, on average, more efficient
than that of developed countries. The reason might be that in
recent years, policy makers in developing countries pay more
attention on stimulation for solar electricity. For example, in
China, the government makes an all-out effort in promoting
domestic solar electricity market recent years. Such external
factor will influence the fluctuation of pure technical effi-
ciency. However, the total efficiency of developed countries
does appear to be significantly efficient than that of develop-
ing countries, as expected.

V. CONCLUSIONS

The 25 solar electricity markets operating in sampled
countries for solar electricity stimulation may rank the coun-
tries as having engaged in protecting environment and im-
proving economy through promoting solar electricity world-
wide. Importantly, transforming an economy based on con-

ventional energy into a renewable energy one is an attractive
feature of countries, despite the fact that air pollution is an
inevitable undesirable by-generation during electricity utili-
zation.

TABLE 6. ANNUAL AVERAGE OF EFFICIENCY SCORE FROM 2009
TO 2012: CHANGE RATE OF 2012 IN COMPARISON WITH THOSE OF
2009 — 2011 IN PARENTHESES.

Efficiency score 2009 2010 2011 2012
Total efficiency 0.682 0.777 0.784 0.838
Change rate 22.83% 7.78% 6.89%
Pure technical efficiency 0911 0.964 0.982 0.981
Change rate 7.68% 1.81%  -0.02%
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Fig. 1 Time trends of annual average of total efficiency and pure technical
efficiency from 2009 to 2012
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Fig. 2 Averages of total and pure technical efficiencies for developed and
developing countries’

’ The classification of countries is referred to the World Bank
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This study evaluates the total and pure technical efficien-
cies of countries with the panel data covering the period of
2009 — 2012. According to the case study results, although
the pure technical efficiency of developing countries is, on
average, more efficient than that of developed countries, the
total efficiency of developed countries does appear to be sig-
nificantly efficient than that of developing countries.

Finally, after the two efficiencies of solar-development
countries are evaluated by using the Non-Separable DEA
model, two alternatives for energy, environmental and eco-
nomic policy making can be made available. One is the ex-
penditure and investment budgeted by governments could
focus on encouraging the technology innovation replacing
purchasing solar electricity in order to improving solar pro-
duction efficiency and/or reducing CO, emission. The other is
based on expected targets of solar electricity proportion and
CO, emission, governments should to increase the soundness
of electricity market in terms of declining their intervention
and fiscal supports. Policy makers can select one of these two
alternatives for improving the performance of inefficient
countries based on their preferences. We hope this study
makes a contribution to government for energy, economic and
environmental policy making.

REFERENCES

[1] AGNOLUCKCI, P, 2006. Use of economic instruments in the German
renewable electricity policy. Energy Policy 34, 18 (Dec), 3538-3548.

[2] ANTUNES, C.H., MARTINS, A.G., and BRITO, 1.S., 2004. A multiple
objective mixed integer linear programming model for power
generation expansion planning. Energy 29, 4, 613-627.

[3] AZADEH, A., GHADERI, S.F., OMRANI, H., and EIVAZY, H., 2009.
An integrated DEA-COLS-SFA algorithm for optimization and policy
making of electricity distribution units. Energy Policy 37, 7 (Jul),
2605-2618.

[4] BOE, 2012. Framework of Taiwan's Sustainable Energy Policy.

[5] CANSINO, JM., PABLO-ROMERO, M.D., ROMAN, R., and
YNIGUEZ, R., 2010. Tax incentives to promote green electricity: An
overview of EU-27 countries. Energy Policy 38, 10 (Oct), 6000-6008.

[6] CETIN, M. and EGRICAN, N., 2011. Employment impacts of solar
energy in Turkey. Energy Policy 39, 11 (Nov), 7184-7190.

[71 CHIU, Y.H. and WU, M.F,, 2010. Environmental Efficiency Evaluation
in China: Application of 'Undesirable' Data Envelopment Analysis.
Polish Journal of Environmental Studies 19, 6, 1159-1169.

[8] COST CLARITYFOUQUET, D. and JOHANSSON, T.B., 2008.
European renewable energy policy at crossroads-Focus on electricity
support mechanisms. Energy Policy 36, 11 (Nov), 4079-4092.

[91 DANCHEV, S., MANIATIS, G., and TSAKANIKAS, A., 2010.
Returns on investment in electricity producing photovoltaic systems
under de-escalating feed-in tariffs: The case of Greece. Renewable &
Sustainable Energy Reviews 14, 1 (Jan), 500-505.

[10] DAUGELIENE, R., 2008. The Streamline of Research and
Experimental Development's Infrastructure in Lithuanian National
Innovation System. Inzinerine Ekonomika-Engineering Economics, 2,
61-69.

[11] DEL RIO, P. and MIR-ARTIGUES, P., 2012. Support for solar PV
deployment in Spain: Some policy lessons. Renewable & Sustainable
Energy Reviews 16, 8 (Oct), 5557-5566.

[12] DEL RIO, P. and UNRUH, G., 2007. Overcoming the lock-out of
renewable energy technologies in Spain: the cases of wind and solar
electricity. Renewable and Sustainable Energy Reviews 11, 7,
1498-1513.

[13] DESHMUKH, R., BHARVIRKAR, R., GAMBHIR, A., and PHADKE,

A., 2012. Changing Sunshine: Analyzing the dynamics of solar
electricity policies in the global context. Renewable & Sustainable
Energy Reviews 16,7 (Sep), 5188-5198.

[14] DUSONCHET, L. and TELARETTI, E., 2010. Economic analysis of

different supporting policies for the production of electrical energy by

solar photovoltaics in eastern European Union countries. Energy Policy

38, 8 (Aug), 4011-4020.

EC, 2009. Directive on the promotion of the use of energy from

renewable sources and amending and subsequently repealing

Directives 2001/77/EC and 2003/30/EC.

[16] EDQUIST, C., 2005. Systems of innovation. The Oxford handbook of
innovation, 181-208.

[17] EKINS, P., 2004. Step changes for decarbonising the energy system:
research needs for renewables, energy efficiency and nuclear power.
Energy Policy 32, 17 (Nov), 1891-1904.

[18] ESTY, D.C., LEVY, M.A., KIM, CH., DE SHERBININ, A,
SREBOTNJAK, T., and MARA, V., 2006. Environmental performance
index. New Haven: Yale Center for Environmental Law and Policy.

[19] FARE, R., GROSSKOPF, S., LOVELL, C.A K., and YAISAWARNG,

S., 1993. Derivation of Shadow Prices for Undesirable Outputs - a

Distance Function-Approach. Review of Economics and Statistics 75, 2

(May), 374-380.

GARCIA, A., ALZATE, J.M., and BARRERA, J., 2012. Regulatory

design and incentives for renewable energy. Journal of Regulatory

Economics 41,3 (Jun), 315-336.

[21] GOMES, E.G. and LINS, M.P.E., 2008. Modelling undesirable outputs
with zero sum gains data envelopment analysis models. Journal of the
Operational Research Society 59, 5 (May), 616-623.

[22] GUO, X.D., ZHU, L., FAN, Y., and XIE, B.C., 2011. Evaluation of
potential reductions in carbon emissions in Chinese provinces based on
environmental DEA. Energy Policy 39, 5 (May), 2352-2360.

[23] HAAS, R., EICHHAMMER, W. HUBER, C., LANGNISS, O.,
LORENZONI, A., MADLENER, R., MENANTEAU, P,
MORTHORST, P.E., MARTINS, A., ONISZK, A., SCHLEICH, J.,
SMITH, A., VASS, Z., and VERBRUGGEN, A., 2004. How to promote
renewable energy systems successfully and effectively. Energy Policy
32, 6 (Mar), 833-839.

[24] HAWDON, D., 2003. Efficiency, performance and regulation of the
international gas industry - a bootstrap DEA approach. Energy Policy
31, 11 (Sep), 1167-1178.

[25] HONMA, S. and HU, J.L., 2008. Total-factor energy efficiency of
regions in Japan. Energy Policy 36, 2 (Feb), 821-833.

[26] HONMA, S. and HU, J.L., 2009. Total-factor energy productivity
growth of regions in Japan. Energy Policy 37, 10 (Oct), 3941-3950.

[27] HU, J.-L. and LEE, Y.-C., 2008. Efficient three industrial waste
abatement for regions in China. International Journal of Sustainable
Development and World Ecology 15,2 (Apr), 132-144.

[28] HU, J.L. and KAO, C.H., 2007. Efficient energy-saving targets for
APEC economies. Energy Policy 35, 1 (Jan), 373-382.

[29] IEA, 2013. Tracking Clean Energy Progress 2013.

[30] KALDELLIS, J.K., 2011. Critical evaluation of financial supporting
schemes for wind-based projects: Case study Greece. Energy Policy 39,
5 (May), 2490-2500.

[31] KOMOR, P. and BAZILIAN, M., 2005. Renewable energy policy goals,
programs, and technologies. Energy Policy 33, 14 (Sep), 1873-1881.

[32] KPMG, 2012. Taxes and incentives for renewable energy 2012 KPMG
International.

[33] LOITER, J.M. and NORBERG-BOHM, V., 1999. Technology policy
and renewable energy: public roles in the development of new energy
technologies. Energy Policy 27, 2 (Feb), 85-97.

[34] MIDTTUN, A. and GAUTESEN, K., 2007. Feed in or certificates,
competition or complementarity? Combining a static efficiency and a
dynamic innovation perspective on the greening of the energy industry.
Energy Policy 35,3 (Mar), 1419-1422.

[35] NEMET, G.F. and BAKER, E., 2009. Demand Subsidies Versus R&D:
Comparing the Uncertain Impacts of Policy on a Pre-commercial
Low-carbon Energy Technology. Energy Journal 30, 4, 49-80.

[36] NILSSON, M., NILSSON, L.J., and ERICSSON, K., 2009. The rise
and fall of GO trading in European renewable energy policy: The role
of advocacy and policy framing. Energy Policy 37, 11 (Nov),

[15

[}

[20

=

1665



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47

—

2014 Proceedings of PICMET '14: Infrastructure and Service Integration.

4454-4462.

OIKONOMOU, V., FLAMOS, A., GARGIULO, M., GIANNAKIDIS,
G., KANUDIA, A., SPIJKER, E., and GRAFAKOS, S., 2011. Linking
least-cost energy system costs models with MCA: An assessment of the
EU renewable energy targets and supporting policies. Energy Policy 39,
5 (May), 2786-2799.

PACUDAN, R. and DE GUZMAN, E., 2002. Impact of energy
efficiency policy to productive efficiency of electricity distribution
industry in the Philippines. Energy Economics 24, 1 (Jan), 41-54.

PAN, S.C., LIU, S.Y.,, PENG, CJ., and WU, P.C., 2011. Local
government efficiency evaluation: Consideration of undesirable outputs
and super-efficiency. African Journal of Business Management 5, 12
(Jun 18), 4746-4754.

PAPADOPOULOS, A.M. and KARTERIS, M.M., 2009. An assessment
of the Greek incentives scheme for photovoltaics. Energy Policy 37, 5
(May), 1945-1952.

PARKER, P., 2008. Residential solar photovoltaic market stimulation:
Japanese and Australian lessons for Canada. Renewable & Sustainable
Energy Reviews 12,7 (Sep), 1944-1958.

PATLITZIANAS, K.D., DOUKAS, H., KAGIANNAS, A.G., and
PSARRAS, J., 2008. Sustainable energy policy indicators: Review and
recommendations. Renewable Energy 33, 5 (May), 966-973.
POULLIKKAS, A., 2009. Parametric cost-benefit analysis for the
installation of photovoltaic parks in the island of Cyprus. Energy Policy
37,9 (Sep), 3673-3680.

RAYP, G. and VAN DE SIJPE, N., 2007. Measuring and explaining
government efficiency in developing countries.
Development Studies 43,2 (Feb), 360-381.

SEIFORD, L.M. and ZHU, J., 2002. Modeling undesirable factors in
efficiency evaluation. European Journal of Operational Research 142,
1 (10/1/), 16-20. DOI=
http://dx.doi.org/http://dx.doi.org/10.1016/S0377-2217(01)00293-4.
SHUM, K.L. and WATANABE, C., 2010. Network externality
perspective of feed-in-tariffs (FIT) instruments-Some observations and
suggestions. Energy Policy 38, 7 (Jul), 3266-3269.

SOLANGI, K.H., ISLAM, M.R., SAIDUR, R., RAHIM, N.A., and
FAYAZ, H., 2011. A review on global solar energy policy. Renewable
& Sustainable Energy Reviews 15,4 (May), 2149-2163.

Journal  of

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Environmental efficiency evaluation based on data envelopment
analysis: A review. Renewable & Sustainable Energy Reviews 16, 7
(Sep), 4465-4469.

SOZEN, A. and ALP, I., 2009. Comparison of Turkey's performance of
greenhouse gas emissions and local/regional pollutants with EU
countries. Energy Policy 37, 12 (Dec), 5007-5018.

TALLURI, S. and SARKIS, J., 2004. ECOEFFICIENCY
MEASUREMENT USING DATA ENVELOPMENT ANALYSIS:
RESEARCH AND PRACTITIONER ISSUES. Journal of
Environmental Assessment Policy and Management 06, 01, 91-123.
DOI= http://dx.doi.org/doi:10.1142/S1464333204001602.

TOKE, D., 2007. Renewable financial support systems
cost-effectiveness. Journal of Cleaner Production 15, 3,280-287.
TONE, K., 2004. Dealing with undesirable outputs in DEA: a
Slacks-Based Measure (SBM) approach. Nippon Opereshonzu, Risachi
Gakkai Shunki Kenkyu Happyokai Abusutorakutoshu 2004, 44-45.
WANG, Y., 2006. Renewable electricity in Sweden: an analysis of
policy and regulations. Energy Policy 34, 10 (Jul), 1209-1220.

YEH, T.L., CHEN, T.Y., and LAIL P.Y., 2010. A comparative study of
energy utilization efficiency between Taiwan and China. Energy Policy
38, 5 (May), 2386-2394.

ZAIM, O. and TASKIN, F., 2000. Environmental efficiency in carbon
dioxide emissions in the OECD: A non-parametric approach. Journal of
Environmental Management 58, 2 (Feb), 95-107.

ZHOU, P, ANG, B.W., and POH, K.L., 2007. A mathematical

and

programming approach to constructing composite indicators.
Ecological Economics 62,2 (Apr 20), 291-297.
ZHOU, P, ANG, B.W, and POH, K.L. 2008. Measuring

environmental performance under different environmental DEA
technologies. Energy Economics 30, 1 (Jan), 1-14.

ZHOU, P, POH, K.L., and ANG, B.W.,, 2007. A non-radial DEA
approach to measuring environmental performance. European Journal
of Operational Research 178, 1 (Apr 1), 1-9.

ZHOU, Y., WANG, L.Z., and MCCALLEY, J.D., 2011. Designing
effective and efficient incentive policies for renewable energy in
generation expansion planning. Applied Energy 88, 6 (Jun), 2201-2209.

[48] SONG, M.L., AN, Q.X., ZHANG, W., WANG, Z.Y., and WU, J., 2012.
APPENDIX A
COUNTRY AND ITS CODE

Country Code Country Code Country Code Country Code
Mexico MEX France FRA Sweden SWE Japan JPN
Austria AUT Germany DEU Switzerland CHE Malaysia MYS
Belgium BEL Greece GRC United Kingdom GBR South Korea KOR
Bulgaria BGR Italy ITA Israel ISR Taiwan ROC

Czech Republic CZE Netherlands NLD Australia AUS

Denmark DNK Portugal PRT China CHN

Finland FIN Spain ESP India IND

1666



