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a b s t r a c t

Global warming or environmental issues in countries with effective energy applications and manage-
ment of environmental resources have become key concerns. Energy is an important factor for countries
to achieve sustainable development. Therefore, we need to actively seek renewable energy technology
innovations, assess for optimization of resource inputs and strategize to proceed with effective energy
strategic planning. Presently, international renewable energy technologies have been undergoing gradual
and steady development. Taiwan is highly vulnerable in energy security, but geographic conditions for
the development of solar energy applications have created a considerable advantage. However, the total
installed solar energy capacity is far less than might be expected. Consequently, this study proceeds to
explore the main resistance and key factors that affect renewable energy application concerning Taiwan
buildings. Through the evaluation decision-making system model and expert decision-making groups
giving evaluation values and feedback, the study found the main influences and key factors, and propose
strategies for energy development in the future to improve the quality and quantity of renewable energy
applications and competitiveness of national energy. This research, in addition to providing references to
relevant environmental energy systems for deployment and technological research and development,
also provides developing and underdeveloped countries access to applications of solar energy technology
assessment and forecasts for the future.

& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Global environmental concerns and the escalating demand for
energy have accelerated worldwide attention on green energy,
especially solar energy [1]. In recent years the international effort
to reduce carbon emissions, thus, protecting the environment,
while not stopping economic growth, has been a serious challenge
and an important issue [2]. Many countries have put into use
various types of renewable energy technologies (RETs) to promote
research, development and demonstrations (RD&D). Therefore,
RETs have become an important field of industrial competition
internationally [3]. In Taiwan the green energy industry is also
included in the development of key industries. Currently, both
developed and developing countries are actively seeking alterna-
tive renewable energy sources. The European Union currently has
provided input of the most resources between countries [4]. There
are many types of renewable energy (RE) resource applications.
Solar energy is the most dominant source among the renewable
energy resources and appears quite attractive for electricity gen-
eration because it does not increase carbon dioxide emissions, is
not harmful to the environment and is nature friendly [5]. Being
able to direct and facilitate the application to daily needs for
energy in various types of buildings, it has attracted worldwide
attention [6].

The International Energy Agency (IEA) envisaged solar power
accounting for 11% of global electricity production by 2050 and
solar electricity contributing about 20% of the world's energy supply
by 2050 and over 60% by 2100 [7]. It is clear that solar energy will
play an important role in the future of energy. Thus, it will become
the first choice of governments and private enterprises of many
countries [8]. Renewable energy inputs have proven effective in
developed countries (such as the United States, Germany and
Japan), as well as in recently emergent countries (such as Spain,
Italy and the Czech Republic); these countries continue to input and
promote solar energy applications [9]. However, the main objective
of Taiwan's renewable energy policy is to promote more diversified
applications in Taiwan. In accordance with the Bureau of Energy
under the Ministry of Economic Affairs (BEMOEA) “Energy White
Paper”, “Challenge 2008: National Development Plan” indicated
that the key project of renewable energy development and applica-
tion in the future was solar energy. Taiwan is a very densely
populated island, so the application of solar energy is mainly
combined with buildings. Thus, the application of renewable energy
in buildings is mainly solar energy [10,11]. This becomes the
supporting background of this study.

However, through literature surveys and analysis this study
discovered that there are many RE research documents concerned
mostly with the development of energy application system tech-
nology research and development (R&D) and simulation, evaluation
and forecasts of systems of innovative technologies. Application

technologies for solar energy occupy most of these studies [5].
However, a country's input and the import of the applications of
new energy technologies, according to the present state and
resource conditions for preliminary planning, assist with the
assessment of applications technology, the forecast of effects of
imported technology and the review and improvement of import
difficulties and obstacles. These relevant research documents have
not received much attention. This study uses Taiwan as an example
to conduct in-depth research and explore the practical application
and situation of solar energy at present. These become the major
support motivations of this study.

Presently, in the statistics on the cumulative installed capacity
of renewable energy in Taiwan there is a considerable gap
between planning objectives and practical solar energy applica-
tions. In order to explore and seek the main resistance and key
factors influencing solar energy applications and development,
this study is composed of three parts: (1) Establishment of assess-
ment factor variables: Through literature review and systems
engineering analysis the research can retrieve factor variables that
affect solar energy applications; (2) Establishment of an evaluation
decision-making system: The evaluation values and feedback from
the Fuzzy Delphi Expert Questionnaires and expert decision-
making groups (industry, government, research and academic)
are used to find key influencing levels and factors in Taiwan; (3)
Draw up energy development strategy proposals for the future:
According to the results of the study, energy development strate-
gies were proposed for the future. The results of this study are
expected to improve and enhance the quality and quantity of
renewable energy applications and the competitiveness of
national energy. Moreover, the study findings will help to provide
references for relevant environmental and energy systems con-
cerning deployment and technological aspects of R&D, as well as
provide developing and underdeveloped countries’ applications of
solar energy technology assessment and forecasting for the future.

2. Current status and trends of solar energy applications
globally

In recent years, solar power generation systems have gained
unprecedented attention as a method to solve the energy problem.
Thus, solar energy is obviously environmentally advantageous
relative to any other energy source. Nowadays, about 46 countries
actively promote RD&D to deploy solar energy systems. The
worldwide solar photovoltaic (PV) generation capacity continues
to increase and has become a rapidly growing industry [12].
According to the European Photovoltaic Industry Association
(EPIA) the installed capacity of solar PV systems may reach 688
GW in 2020. With an annual investment value of about 620 billion
Euros from now until 2020, there will be more than one billion
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