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starting point for those working to priority barriers and choose the optimal
barrier to the direction sustainable future in solar energy.

1. Introduction

1.1. Contextualization

In this paper, we analyze relevant literature to construct a conceptual framework

of the barriers to the development of solar energy in Taiwan (Figure 1). This
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framework includes 3 dimensions and 13 criteria for the development of solar
energy (Table 1). We applied the Decision Making Trial and Evaluation Labor-
atory (DEMATEL) [1] integrated with the Technique for Order Preference by
Similarity to an Ideal Solution (TOPSIS) [2] to determine the cause—effect rela-
tionships among these dimensions and criteria. Our findings serve as a reference

for decision-makers regarding green energy policy.
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Figure 1. Conceptual framework.

DOI: 10.4236/sgre.2021.129009

138 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2021.129009

S.-M. Lin

Table 1. List of barriers to solar energy in Taiwan.

Dimensions o X
Criteria (Sub barriers) References

(Main barriers)

G High initial capital cost [4] [8] [12] [14] [15] [18] [20] [21] [25]

Ci2 Long investment return period [4] [12] [13] [14] [18]

Dy
Economic and G Lack of bank credit and loan [4] [8] [12] [15] [16] [18] [19] [21]
financial barriers mechanisms (25]
Cis Lack of government incentive and  [4] [8] [12] [13] [14] [15] [16] [18]
subsidy policy [19] [20] [21] [25]
G Lack of waste disposal regulations [11]
Ds G Lack of waste recycling system [4] [5] [6] [9] [10] [11]
Political and
regulatory G Political turbulence caused by (8] [12] [15] [16] [18] [25]
barriers party rotation
G Lack of political commitment [12] [14] [15] [16] [19] [20] [21] [25]
Gs Air pollution [6] [10] [19]
Gs2 Water pollution [4] [10] [19] [21] [25]
Ds Gy Land pollution [4] [6] [10] [19] [25]
Geographical and

ecosystem barriers G Human health and safety (6] [7]

Gss Different geographical and
topographical influences result in [8] [10] [15] [18] [20] [25]

different sunlight exposure times

1.2. Relevance of the Literature

Sorenson [3] defines renewable energy as energy replenishment from natural
processes is as fast as consumption. Renewable energy sources such as solar,
wind, geothermal, hydropower, and biomass energies feature different energy
densities, location requirements, and physical processes [4]. In particular, solar
energy is an increasingly popular choice for power generation across the world
[4], and it is this renewable source that is favored to fill the electricity gap in
Taiwan [3].

There exists a large body of research into solar energy, including its impacts
and requirements. [5] recommended that the photovoltaic industry should act to
maintain the environmental friendliness of solar energy as a long-term envi-
ronmental strategy, which could be achieved through the establishment of effec-
tive recycling policies. [6] pointed out that the use of conventional energy sources
contributes to the sustainable development of human activities. However, their
large-scale deployment inevitably exerts adverse environmental impacts, such as
greenhouse gas emissions as well as soil and water pollution. [7] acknowledged
that the benefits of electricity supply (including that generated from renewable
resources) must be weighed against health costs. For example, the cadmium cells
used in solar panels represent a well-researched occupational hazard. However,
given the estimated 30-year life cycle of photovoltaic units, the risk seems ac-

ceptable. [4] investigated the legislation and policy development encouraging
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research and development in the photovoltaic industry. [8] considered the solar
energy industry as a whole. [9] declared that the end-of-life management of obso-
lete photovoltaic modules should avoid landfills, emphasizing that the cost of the
recovery process is a key variable of recycling. [10] discussed obstacles to the
development of solar energy with an eye to solutions for both research and prac-
tice. [11] pointed out that although many solar panel recycling-related activities
and processes have been initiated around the world, the majority of solar panels
will be abandoned in about 25 years. Therefore, the question arises as to whether
the current solution to our energy problem is leading to further environmental
heritage waste.

Many researchers have examined the challenges specific to individual coun-
tries. [12] considered the dilemma faced by India, which is an emerging econo-
my with a severe shortage of electricity. They proposed that the barriers to solar
energy installations are comprised of 6 dimensions and 13 subdimensions [13]
considered the same problem but identified 7 dimensions and 28 subdimen-
sions. [14] presented an overview of the challenges faced by Barbados in the
deployment of alternative energy. [15] identified and ranked obstacles in Nepal
to renewable energy use. [16] pointed out that while Pakistan has a large amount
of renewable and sustainable energy resources, it lacks the capacity to use them
effectively; indeed, [17] supported this with a ranking of key barriers. [18] fur-
ther confirmed their findings with their evidence supporting 7 main barriers and
29 sub-barriers. Then, research strategies to overcome these barriers. [19] ex-
plored the interrelationships among factors affecting renewable energy in China.
[20] assessed Ghana’s renewable energy policy goals and built a framework to
evaluate each obstacle to these goals. [21] outlined the potential driving force
of solar power generation in Vietnam, obstacles to further use of solar energy,
and suitable strategies for the next phase of development. In this paper, we draw
on this considerable body of research to integrate Taiwan’s experience in solar

energy.

1.3. Current Status of Solar Energy Generation in Taiwan

1.3.1. Geographical Context

Taiwan is the fourth highest island in the world with a length of 395 kilometers
from north to south and a width of 144 kilometers from east to west. Taiwan can
be divided into two climatic regions separated by the tropic of cancer. Taiwan’s
climate of the north of the tropic of cancer is a subtropical climate and the south

is a tropical climate. (Figure 2)

1.3.2. Present Deployment of Solar Energy in Taiwan

Despite the fact that Taiwan’s natural environment has led to water, electricity,
and land shortages, the government nevertheless aims to replace the current
nuclear energy supply with renewable energy sources (see Table 2). At present,
the share of solar energy generation accounts for less than 0.7% of total electric-

ity consumption, indicating that there is considerable room for improvement.
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Figure 2. Map of Taiwan showing Tropic of Cancer (23.5°N) passing through Chiayi County
and Hualien County (2021) [22].

Table 2. Energy supply by sectors (% of total renewable energy) from 2019/03 to 2021/04
(Source: Taiwan Ministry of Economic Affairs (TMOEA) 2021) [23].

Year ~ Month Hydro Geothermal Solar PV Wind Biomass Wast

03 0.29177 0 0.26823 0.12456 0.01633 0.29911
04 0.33861 0.00014 0.28738 0.10420 0.01583 0.25385
05 0.52641 0.00001 0.22207 0.05675 0.01066 0.18410
06 0.55041 0.00004 0.21639 0.04261 0.00869 0.19056
07 0.39733 0.00003 0.28179 0.06692 0.01155 0.24239
2019 08 0.63886 0.00005 0.30899 0.06484 0.00851 0.25684
09 0.38136 0.00007 0.28770 0.10773 0.00595 0.21719
10 0.30073 0.00009 0.31636 0.16952 0.00515 0.20814
11 0.21222 0.00007 0.30560 0.24435 0.00835 0.22941
12 0.15076 0.00012 0.29503 0.23672 0.01603 0.30135
1 0.18599 0.00004 0.29038 0.17681 0.01462 0.33217
2 0.20283 0.00012 0.36831 0.16067 0.01156 0.25651
3 0.18345 0.00007 0.34552 0.24021 0.01406 0.21668
4 0.18918 0.00038 0.42075 0.15388 0.01414 0.22167
5 0.26084 0.00011 0.43241 0.07034 0.01276 0.22354
6 0.26530 0.00012 0.40280 0.11009 0.00894 0.23274
2020 7 0.20480 0.00012 0.47079 0.07740 0.01028 0.23660
8 0.17711 0.00013 0.49466 0.05697 0.00661 0.26452
9 0.18712 0.00015 0.45660 0.09180 0.00842 0.25590
10 0.19520 0.00012 0.38347 0.23514 0.01043 0.17563
11 0.14721 0.00010 0.42052 0.21776 0.05504 0.20323
12 0.16911 0.00005 0.29068 0217522 0.03476 0.23019
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Continued
1 0.17620 0 0.32297 0.21467 0.01549 0.27068
2 0.17033 0 0.37750 0.15682 0.01322  0.28213
202 3 0.13719 0.00001 0.45945 0.15062 0.01483  0.23790
4 0.11050 0 0.52706 0.14174 0.01288 0.20780

Because Taiwan is small, the government intends on using fallow land in each
county and releasing at least 1% of abandoned land to install solar panel systems
(Figure 3(1)) to generate more power [8]. The average monthly solar energy

potential of each county in Taiwan is presented in Table 3.

1.3.3. Categories of Solar Energy Development According to Installation
Locations

The rule of thumb suggested by [10] is that a 1-MW solar power plant requires
approximately four acres of land (16,187 square meters). Solar systems can be
divided into three types: land installations, rooftop installations, and water in-
stallations.

1) Land installations

Land installations can be divided into fixed (Figure 3(1)) and sunlight-tracking
(Figure 3(2)). For fixed systems, the best sunlight angle is determined by taking
into account overall sunlight, inclination, shading, and other environmental fac-
tors. Sunlight-tracking systems are 10% more expensive and are less resilient in
the face of strong winds than are fixed ones.

2) Rooftop installations

Within urban areas, tall buildings and other structures can lead to shadowing
problems. Therefore, sunlight angle and duration are the most important factors
for the installation of rooftop solar systems. In addition, because most buildings
have more than one resident or user, it is necessary to obtain a consensus among
building residents, which sometimes poses difficulties. Rooftop installations can
be supported by scaffolding (Figure 3(3)) or be laid flat on the surface of the
roof (Figure 3(4)). Rooftop installations allow for the planting of crops or green-
house plants that require less sunlight on the land beneath the solar system. They
can also form shelter for livestock. This helps reduce the heavy land require-
ments of solar farms.

3) Water installations

Water reservoirs can be valuable areas for solar system installation, especially
in countries with a limited supply of land. Water installations though are subject
to unique challenges. In addition to strong winds and rainfall, weather condi-
tions can induce other adverse factors such as high waves, water spray, high-speed
water flow, and longshore drift. Long-term humidity increases the probability of
corrosion and reduces the lifecycle of a module. Traditional fishing in the area
will also be affected. Water installations can be fixed on the surface of the water

(Figure 3(5)) or be floating (Figure 3(6)). Taiwan’s current water-based solar
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Table 3. Average monthly solar energy potential of counties in Taiwan (cited from [8]).

Month Taipei Taichung Tainan Kaohsiung Hualien  Taitung Taoyuan Hsinchu
Jan 234 434 351 382 234 367 414 473
Feb 208 322 459 406 262 357 349 459
Mar 488 692 586 601 523 641 695 956
Apr 527 809 738 1017 1307 1272 664 678
May 346 669 665 672 658 836 515 512
Jun 629 972 795 778 1005 1217 894 902
Jul 782 1074 933 775 1280 1348 974 853
Aug 669 1009 903 658 958 1076 818 761
Seg 412 853 745 719 924 1043 518 495
Oct 621 776 664 605 759 952 829 785
Nov 371 581 789 502 705 743 542 560
Dec 234 652 611 537 374 732 437 566
Total 5522 8844 8238 7650 8989 10,584 7647 7998

Month Chiayi Pingtung Yunlin = Nantou Miaoli ~ Changhua Yilan
Jan 387 431 398 414 444 424 154
Feb 396 453 349 326 362 324 205
Mar 689 643 695 797 780 738 365
Apr 800 1170 820 1122 744 928 623
May 593 693 555 573 585 627 366
Jun 678 858 680 793 936 895 548
Jul 652 832 720 1032 942 1057 670
Aug 613 703 665 792 857 908 561
Sep 580 753 596 706 633 789 579
Oct 581 657 596 678 778 730 600
Nov 622 534 589 592 569 586 412
Dec 540 573 561 581 610 616 240
Total 7132 8299 7225 8409 8238 8622 5322

4)

(6)

Figure 3. Solar system types in Taiwan: 1) fixed on land, 2) sunlight-tracking on land, 3)
scaffolded on rooftop, 4) flat on rooftop, 5) fixed on water surface, and 6) floating on wa-
ter (cited from https://blog.sunnyfounder.com/2020/12/24) [24].
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power stations include Kaohsiung Agongdian Reservoir, Pingtung Dawuding
Reservoir, Wulong, Datan Niupu Drainage Detention Basin, and Tainan Yong-
kang Technology Park Detention Basin. The Ministry of Economic Affairs leads
the implementation of solar energy generation projects in reservoirs and flood
detention ponds, whereas the Council of Agriculture is responsible for promot-

ing solar power generation projects in Pitang and Yuyuan.

1.3.4. Overall Barrier Identification

We collected a large body of references to clarify the obstacles to solar energy
development in Taiwan [4]-[21] [25]. Analysis of these revealed three dimen-
sions to these barriers: economic and financial, political and regulatory, and

geographical and ecosystem.

1.4. Assessment of Scope of Barriers to Solar Energy

Each of the dimensions is comprised of subdimensions which represent the fac-
tors influencing solar energy development. There are four economic and finan-
cial factors, four political and regulatory factors, and five geographical and eco-
system factors. Details are provided in Table 1. We consider each of these fac-
tors in turn.

1) Economic and financial barriers (D)

Economic and financial aspects are important for every country. We found
four specific financial factors were commonly cited in the literature.

e High initial capital cost (C)

Manufacturing and installing solar systems entail high investment costs. For
example, a silicon solar panel system costs around US$750 per square meter to
install [26]. For developers without sufficient capital, this can represent an in-
surmountable obstacle. This factor was considered by [4] [10] [12] [14] [15] [16]
[18] [20] [21] [25].

e Long return on investment ((},)

Solar systems are expensive to set up, and they only generate a moderate
amount of power on a daily basis. Over time, the return on investment is signif-
icant. However, it takes about 20 to 30 years [27] for a solar panel system to ma-
nifest some level of profit. This point was made by [8] [12] [13] [14] [18].

e Lack of bank credit and loan mechanisms ()

Solar energy projects are usually funded by local banks, but they have limited
financing capacity. The inability to obtain credit can create difficulties in the fi-
nancing of new projects [4] [8] [12] [15] [16] [18] [19] [21] [25].

e Lack of government incentive and subsidy policy (Ci4)

Lack of or limited government incentives and subsidy policies, insufficient
regulatory framework, and lack of coherent renewable energy policies create ob-
stacles to solar power generation [4] [8] [12] [13] [14] [15] [16] [18] [19] [20]
[21] [25]. In many cases the subsidy policy and related laws and regulations are

in place, but there is no substantive implementation of these frameworks.
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2) Political and regulatory barriers (1)

We identified four factors within the dimension of political and regulatory
barriers.
® Lack of waste disposal regulations (G;)

A lack of policies and regulations regarding global solar waste disposal re-
mains an obstacle to solar power generation [11]. Furthermore, once these poli-
cies are in place, they need to be adapted to local conditions.
® Lack of waste recycling systems ()

There are few waste recycling systems that enable companies to sort, recycle,
and reuse solar panel waste. In particular, the safe disposal of batteries and CdTe
solar panels is important and requires a reliable waste management system.
Proper supervision of the recycling of solar panels is imperative, as pollution is
generated during the recycling process, and the energy required for collection,
transportation, and recycling must be quantified according to local conditions.
The above points were made by [4] [5] [6] [9] [10] [11].

e DPolitical turbulence caused by party rotation ()

Unstable politics and government intervention in the domestic market are the
main obstacles to renewable energy. This political factor includes corruption,
nepotism, and favoritism. In addition, party rotation can lead to incoherence in
policies and regulations, resulting in confusion. This factor was considered by
(8] [12] [15] [16] [18] [25].

e Lack of political commitment (Cyq)

There is a shortage of political commitment to solar power generation. This is
aggravated by corruption and nepotism. It adversely affects the planning process
through lengthy regulatory approval and permit procedures, and through weak
and incoherent policy implementation. Renewable energy development would
also benefit from the creation of renewable energy zones, and this has yet to be
implemented. The above was reported in [12] [14] [15] [16] [19] [20] [21] [25].

3) Geographical and ecosystem barriers (D)

Geographical and ecosystem barriers are unique to the landscape and climate
of each country, but the nature of renewable resources means all are affected to
some degree by this dimension. We discuss four important factors.

e Air pollution (Gy)

Although the solar energy industry has no direct impact on the environment,
solar cells are toxic to the environment. Discharging them is a complex task for
manufacturers and consumers, bringing in considerations of environmental
protection [6] [10] [19].

e Water pollution (Gs,)

Environmental impacts related to solar energy include land use and habitat
loss, water pollution, and the use of hazardous materials in manufacturing pro-
cesses [4]. An in-depth study of the potential pollution of a lagoon in Vietnam
was conducted by [21]. This factor has also been considered by [4] [10] [19]
[25].
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e Land pollution (Gs)

Land use and loss of biological habitat are potential environmental impacts of
solar power [4]. In many cases, ecosystems, plants, and fauna are destroyed [18].
Furthermore, substances dissolved by heat from the sun seep into the soil [8].
Solar cells are usually made of various chemicals that are toxic to the environ-
ment and discharging them is a challenging social responsibility for manufac-
turers and consumers [17]. The factor of land pollution was considered by [6]
[10] [19] [25].

e Human health (G,)

Cadmium batteries are a known occupational hazard [11]. The dangers asso-
ciated with the transfer of heated fluids (i.e., water and oil) are also a concern
[18]. These health hazards were also discussed by [6] [7].

e Different geographical and topographical influences result in different sun-
light exposure times (Gss)

The performance of solar panels is greatly affected by the intensity of sunlight
[17] and solar energy is often intermittent, with limited daytime hours. The geo-
graphical distribution of solar energy resources is also uneven [8]. Pakistan, for
example, is an arid tableland surrounded by dry mountains [4]. The effects of
this landscape on the scope of solar power generation are further impacted by
scattered households [15] [20] [28]. In the work of [8] [10] [18] [25], this factor
was discussed in detail.

According to Table 1, we constructed a conceptual framework express as

Figure 1.

2. Methodology

We conducted DEMATEL integrated with TOPSIS to analyze the barriers re-
presented by the 13 subdimensions described above. We based this analysis on a
comprehensive literature review of the selected methodologies to provide a ro-
bust theoretical basis for this paper [29]. As described by [30], this approach
comprises five steps: 1) construct the research question; 2) look for related ar-
ticles; 3) select and evaluate articles; 4) analyze and summarize results; and 5)

conclude with a narrative-type discussion.

2.1. Research Framework

DEMATEL was applied to create a visual model of our conceptual framework
and to study the interrelations among its components. This approach was pro-
posed by the Battelle Memorial Institute of the Geneva Research Center between
1972 and 1976 [1]. Its aim is to identify the factors that exert the greatest influ-
ence on a selected phenomenon. We conducted DEMATEL and integrated our
results using TOPSIS to obtain findings which we present in a traditional narra-

tive-type format. Our research flow is presented in Figure 4.

2.2. Procedure of DEMATEL

DEMATEL consists of 10 stages: 1) collecting the results of the questionnaire to
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for further analysis and decision-making

l

[ TOPSIS determine key factors and make a decision ]

|

[ Analysis of results using traditional narrative-type format J

Figure 4. Research flow.

construct matrix J; 2) establishing a direct relationship matrix to calculate initial
matrix D; 3) obtaining normalization matrix V; 4) assigning identify matrix Z 5)
expressing extension matrix / — N, 6) computing inverse matrix [I - N]fl; 7)
calculating total influence relationship matrix T =N [I -N ]_1; 8) calculating d,
1, d+ r, and d — r (defined below); 9) drawing a causal diagram; and 10) deter-
mining key criteria.

We describe these steps using mathematical notation as follows:

Step 1) Set the number of elements (criteria) n. Each criteria is evaluated on a
five-point scale as follows: (0) no impact, (1) low impact, (2) medium impact, (3)
high impact, and (4) extremely high impact.

Step 2) Establish a direct relationship matrix to compute initial matrix D, then
Iis notation column elements and j is notation row elements, using degree of in-
teraction to obtain matrix = [dij J , where d; represents the degree of effect on
the ith criteria. When the elements of 7 have a direct effect on the elements of j
then d; #0 and inverse [diszo.

_d11 dlj dln—
[dn]: dy o dy e dy (1)
Ay o dy e dyy
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Step 3) Obtain normalization matrix MN:

_dn/du dlj/djj dln/dnn

N:[nij]: dil/dll dij/djj din/dnn 2)

_dnl/dll dnj/djj dnn/dnn_

Step 4) Assign identify matrix £

1 0 0
1 0
=0 .- 1 .. 0 (3)
0 1
0 0 1

Step 5) Express extension matrix /— M

1- n, - _nlj N,
I-N=| -n - 1_nij A (4)
L Ny _nnj 1- Non i

Step 6) Compute inverse matrix ( I -N )_l :

(1-n,) ™" (_n”)*l N EE

(I—N)fl: (_nil)’l (1_nij)’l (_nin)’l (5)

Step 7) Compute total relationship matrix T =N(1-N )_1:

_(g_ij(l—nn)1 (j_lj:}(_nlj)-l [g:j(—nm)'l
- (Hn) [j_](l—n) [j—}m .
[j—ﬂ(-nm)l (;’_z](_nm)l [gﬁ](l-nm)l_

Step 8) Calculate d, , d+ nand d— r.
Step 9) Draw a causal diagram by mapping the state of (d+ 1, d - 7).
Step 10) Determine key criteria.

DOI: 10.4236/sgre.2021.129009 148 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2021.129009

S.-M. Lin
2.3. Procedure of TOPSIS
TOPSIS was developed in 1981 [2]. It proceeds as follows:
Step 1) Normalize ratings:
X;: ) i
ru:—Jy Izli 1m|J:1| 1n (7)
m 2
i
Step 2) Weight normalized ratings:
Uijzwjrij' i::]_'...,m;j::]_,...,ﬂl (8)
where w; is the weight of the jth attribute.
Step 3) Evaluate the positive and negative solutions (Ze., “*” and “-”):
A = (0] 0], 00 o
:{(maxi vy | iedy),(min oy | eJ2)|i:1,...,m}
AiZ{U{,U;,"',U;,'“,U;} (10)
={(min, v, | j€3;),(max, v, | je J,)[i =1, m}
where J; denotes benefit attributes and J, denotes cost attributes.
Step 4) Obtain separation measures:
The positive solutions are ranked according to
. 2
S = Z'}:l(vij—vj) L i=21---,m. (11)
Similarly, the negative solutions are ranked according to
n N2 .
S Sl ) i1 a2
Step 5) Find similarities to positive ideal solution:
C = *S‘ —, i=1-,m. (13)
S, +§

Note that 0<C; <1,where C, =0 when A=A and C =0 when
A=A

Step 6) Rank preference order:

Select the alternatives with the max C;’, or rank the criteria based on C, in

descending order.

3. Numerical Experiments

We invited three experts, each with more than three years of experience in the

field, to participate in our study. We created a questionnaire with a 5-point Li-

kert-type scale to collect the opinions of the invited experts on the importance of

the different barriers hindering the development of solar energy in Taiwan.

We analyzed a large body of literature to select 13 criteria affecting solar energy

development. These factors represent the criteria of 3 dimensions. We then ap-
plied DEMATEL and TOPSIS to finding out the cause-effect relationship and

rank these dimensions and criteria. In order to obtain an appropriate impact-
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digraph, setting a threshold value of the influence level is necessary for the deci-
sion maker. Only some elements, whose influence level in matrix D higher than
the threshold value, can be chosen and converted into the impact-digraph. The
threshold value is decided by the decision makers. Like matrix D, contextual re-
lation among the elements of matrix D can also be converted into a digraph. If
the threshold value is too low, the diagraph will be too complex to show the ne-
cessary information for decision-making. If the threshold value is too high, many
factors will be presented as independent factors without relations to another
factor. Then step by step, we get d, , d + 1, and d — 1, defined d represents the
sum of all rows of the total effect matrix 7, meaning directly or indirectly affects
degree; rrepresents the sum of all columns of the total effect matrix 7, meaning
affected by other criteria. D + r, presents the degree of relationship between the
factors, meaning “prominence”. d — r, presents the degree of effect and effected
for the factors, meaning “relation”. If (d — 1) is positive, then factor is affecting
other factors; if (d — r) is negative, then factor is being affected by other factors.

In the following, we present the results of this process.

3.1 Application of DEMATEL and TOPSIS

3.1.1. Draw the Cause-Effect Relationship Diagrams for Criteria
Based on the empirical study survey, the cause-effect relationship matrices for
the criteria evaluated by expert A are presented in Tables 4-6. The cause-effect
relationship diagram belonging to expert A for the criteria is depicted in Figure
5. In the following tables, values above the thresholds are marked in bold.

As shown in Figure 5, some of the dimensions and criteria have positive (d -
1) values, such as D, and ;. This means that this barrier within this dimension

exerts greater influence than the others. We can see that (; is the most important

Table 4. The cause-effect relationship matrix for criteria in Di (expert A).

G G G (on d r d+r Rank d-r Rank
Gi  0.885 0.877 0.854 0.855 3471 3283 6.754 1 0.188 2
G, 0.882 0.761 0.817 0.782 3.242 3.049 6.291 2 0.193 1
Gs  0.753 0.700 0.656 0.701 2.81 3.035 5.854 3 -0.225 4

Gs 0763 0.711 0.708 0.636  2.818 2974 5.792 4 -0.156 3

Threshold value: 0.771.

Table 5. The cause-effect relationship matrix for criteria in D; (expert A).

C C2 Cs Cu d r d+r Rank d-r Rank

Gi1 0.734  0.846  0.863 0.784  3.227 3.051 6.278 3 0.176 1

Gz 0819 0.816 0.892 0.811 3.338 3.266 6.604 1 0.072 2
Gs  0.758  0.811 0.788 0.787 3.133 3371 6.504 2 -0.238 3
Gs 0740 0.793  0.828 0711  3.072 3.093  6.165 4 -0.021 4

Threshold value: 0.798.
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Figure 5. The cause-effect relationship diagram of expert A.
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Table 6. The cause-effect relationship matrix for criteria in Ds (expert A).

G G Gs (en Gss d r d+r Rank d-r Rank
Ca 0.688 0.839 0.793 0.811 0.786 3.131 3.835 6.966 4 -0.704 5
(@] 0.796 0.837 0.867 0.885 0.859 4.244 4.324 8.568 1 —-0.08 3
Gs 0.796 0.877 0.791 0.867 0.841 4.172 4.165 8.337 3 0.007 2
Cu 0.734 0.846 0.820 0.778 0.812 3.99 4.255 4.255 5 -0.256 4
Gss 0.821 0.925 0.894 0.914 0.827 4.381 4.125 8.506 2 0.256 1

Threshold value: 0.796.

criteria in D,. This confirms the findings of [4] [10] [12] [14] [18]. We can also
see that some criteria have positive (d — r) values and G, is the most important
criteria in D, supporting the results of [11]. Furthermore, ;s is the most im-
portant criteria in Ds, as found by [8] [13] [15] [17] [20] [25]. The cause-effect
relationship matrices for the criteria evaluated by expert B are presented in
Tables 7-9. The cause-effect relationship diagram belonging to expert B for the
criteria is depicted in Figure 6. In the following tables, values above the thre-
sholds are marked in bold.

In Figure 6, positive values for (d — r) indicate greater influence. We can see
that expert B believes that (), is the greatest barrier in dimension of economic
and financial barriers (Ze., D). This was also found by [7] [8] [10] [12] [13] [15]
[21]. G, is considered the most important barrier for the sub-barrier in D,, con-
firming the results of [5] [8] [9] [10] [18] [25]. The work of [8] [13] [15] [17]
[20] [25] was supported by our finding in which ;s is the most important crite-
ria in D;. The cause-effect relationship matrices for the criteria evaluated by ex-
pert C are presented in Tables 10-12. The cause-effect relationship diagram be-
longing to expert C for the criteria is depicted in Figure 7. In the following
tables, values above the thresholds are marked in bold.

In Figure 7, we see positive values of (d - r) for G; in D.

This supports the findings of [3] [8] [10] [12] [14] [15] [16] [18] [20] [21] si-
milarly, positive values for G, in D, support the findings of [11], and positive
values for G; in D; support the findings of [3] [6] [10] [19] [25].

3.1.2. Impact of the Cause-Effect Relationship Diagram for Dimensions
The cause-effect relationship matrices for the dimensions are shown in Tables
13-15, and the impact of the cause-effect relationship diagram for experts A, B,
and C is presented in Figure 8. In the following tables, values above the thre-
sholds are marked in bold.

As shown in Figure 8, expert A weights the third dimension of geography and
ecosystem as the dimension that represents the greatest barriers. This is sup-
ported by expert B.

3.2. Application of TOPSIS

Based on the results of DEMATEL, we set the weights for TOPSIS as follows: 0.2,
0.3, and 0.5. We then applied the steps described above.
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Figure 6. The cause-effect relationship diagram of expert B.
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Figure 7. The cause-effect relationship diagram of expert C.
DOI: 10.4236/sgre.2021.129009 154 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2021.129009

S.-M. Lin

A-Dimensions

1.4
1.2
1
0.8
0.6
0.4
0.2
0

-0.20.900
0.4
0.6
0.8

[ (11.5005,1.124), D3 ]

11.0 11.100

11.200

11.300 11.400 11.500 11.600

(10.938,-0.562), D1 and D2 ]

B-Dimensions

0.150

[ (0.369,0.123), D3 ]/.

0.100

0.050

0.000
0.300

0.310 320 0.330 0.340 0.350 0.360 0.370

-0.050

T (0.306,0,-0.062), D3 and D2 ]

-0.100

C-Dimensions

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

[(11.5,0), D1 and D2

(13.75,0), D3

<

11.5

»
>

13.5

12 12.5 13 14

Figure 8. Impact cause-effect diagram of experts A, B, and C.

DOI: 10.4236/sgre.2021.129009

155 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2021.129009

S.-M. Lin

Table 7. The cause-effect relationship matrix for criteria in Di (expert B).

Cu Gz Gis G d r d+r Rank d-r Rank

Gi: 0112 0.175 0.161 0.182 0.63 0.554 1.184 3 0.076 1

G. 0.166 0.121 0.163 0.182 0.632 0.637 1.269 2 -0.005 3
Gs 0106 0.166 0.100 0.172 0.544 0.534 1.078 4 0.01 2
Gs 0170 0.175 0.110 0.182 0.637 0.718 1.355 1 -0.081 4

Threshold value: 0.152.

Table 8. The cause-effect relationship matrix for criteria in D, (expert B).

Ca C2 Gs [N d r d+r Rank d-r  Rank

Gi o 0.095 0.111 0173 0.173 0.552  0.437  0.989 1 0.115 2
G, 0178 0110 0.224 0.224 0.736  0.252  0.988 2 0.484 1
Gs  0.083 0.016 0.089 0.143 0.331 0.625 0.956 3 -0.294 3

Gy 0.081  0.015 0.139 0.085 0.32 0.625  0.945 4 -0.305 4

Threshold value: 0.121.

Table 9. The cause-effect relationship matrix for criteria in Ds (expert B).

G G Gss (e Gss d r d+r Rank d-r Rank

Gi 0.113  0.141 0.141 0.175 0.075 0.645 0.696 1.341 2 -0.051 3
Gz 0.131 0.103 0.131 0.164 0.072 0.601 0.696 1.297 4 -0.095 5
Gs 0.141 0.141 0.113 0.175 0.075 0.645 0.696 1.341 2 -0.051 3
Gy 0181 0.181 0.181 0.136 0.083 0.762 0.787 1.549 1 -0.025 2

Gs  0.130 0.130 0.130 0.137 0.070 0.597 0.375 0.972 5 0.222 1

Threshold value: 0.13.

Table 10. The cause-effect relationship matrix for criteria in Dy (expert C).

Cu C2 Cs Cia d r d+r Rank d-r  Rank
G 0.024 0.042 0.039 0.078 0.183 0.142 0.325 1 0.041 1
Gz 0.040 0.023 0.039  0.073 0.175 0.144  0.319 2 0.031 2
Gs  0.040 0.040 0.021 0.066 0.167 0.136 0.303 3 0.031 2
Gy 0.038 0.039 0.037  0.046 0.16 0.263  0.263 4 -0.103 4

Threshold value: 0.042.

Table 11. The cause-effect relationship matrix for criteria in D (expert C).

C C2 s Cu d r d+r Rank d-r Rank

Gi 0.048 0.049 0.049 0.058 0204 0.185 0.185 1 0.019 1

Gz 0.043 0.024 0.051 0.051 0.169 0.154 0.154 4 0.015 2
Gs  0.043  0.049 0.024 0.050 0.166 0.173  0.173 3 —-0.007 3
Gs 0.051  0.032 0.049 0.023 0.155 0.182  0.182 2 -0.027 4

Threshold value: 0.043.
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Table 12. The cause-effect relationship matrix for criteria in D (expert C).

G (&7} G G Gs d r d+r Rank d-r Rank
Gi o 0.025 0.041 0.040 0.041 0.041 0.188 0.177 0.365 4 0.011 2
G: 0.041 0.021 0.039 0.039 0.039 0.179 0.168 0.347 1 0.011 2
Gs  0.041 0.039 0.021 0.039 0.039 0.179 0.166 0.345 3 0.013 1
Gas 0.041 0.039 0.039 0.021 0.039 0.179 0.168 0.347 1 0.011 2
Gs 0.029 0.028 0.027 0.028 0.019 0.131 0.177 0.308 5 -0.046 5
Threshold value: 0.034.
Table 13. The cause-effect relationship matrix for dimensions in expert A.
D, D, Ds d r d+r Rank d-r Rank
Dy 1.659 1.841 1.688 5.188 5.750 10.938 2 —-0.562 2
D 1.841 1.659 1.688 5.188 5.750 10.938 2 -0.562 2
Ds 2.25 2.25 1.813 6.3125 5.188 11.5005 1 1.1245 1
Threshold value: 1.854.
Table 14. The cause-effect relationship matrix for dimensions in expert B.
Dy D, Ds d r d+r  Rank d-r Rank
Dy -0.082 0.082 0.122 0.122 0.184 0.306 2 -0.062 2
D, 0.082 —-0.082 0.122 0.122 0.184 0.306 2 -0.062 2
Ds 0.184 0.184 -0.122 0.245 0.122 0.367 1 0.123 1
Threshold value: 0.054.
Table 15. The cause-effect relationship matrix for dimensions in expert C.
D, D, Ds d r d+r Rank  d-r Rank
Dy 1.7 1.8 2.25 5.75 5.75 11.5 2 0 0
D, 1.8 1.7 2.25 5.75 5.75 11.5 2 0 0
Ds 2.25 2.25 2.375 6.875 6.875 13.75 1 0 0

Threshold value: 2.04.

Step 1) Normalize ratings.

Step 2) Weight normalized ratings: (Table 16).

Step 3) Evaluate “*” solutions and “~” solutions: (Table 17).
Positive ideal: (0.0386",0.0528",0.128" )

Negative ideal: (0.0082",0.0057",0.0065" )

Step 4) Obtain separation measures:
(Vu
=2 ,we got S =(0.530.1,0), rank=A>B>C.

Step 5) Find similarities to positive ideal solution: (Table 18).

, we got S (0,0.045,0.13) , rank=C =B > A.
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Table 16. Weighted normalized ratings.

Weight 0.2 03 0.5
Criteria/Dimensions Dy D, Ds
Expert A 0.193 (G2) 0.176 (Ca) 0.256 (Gss)
Expert B 0.076 (C) 0.048 (C2) 0.222 (Gss)
Expert C 0.041 (C1) 0.019 (Ga) 0.013 (Gs)

Table 17. Evaluation of “*” solutions and “~” solutions.

Criteria/Dimensions Dy D, Ds
Expert A 0.0386* 0.0528* 0.128*
Expert B 0.0152 0.0144 0.111
Expert C 0.0082~ 0.0057- 0.0065~

Table 18. List of candidate dimensions and criteria.

Candidate (Criteria)

Expert ('Jandid.ate D D D
(dimensions)  gconomic and Political and regulatory Geographical and ecosystem
financial barriers barriers barriers
Gss
G G
e o Different geographical and
A Ds Long investment ~ Lack of waste disposal 2
. . topographical influences have
return period regulations . .
a different exposure time
Gs
G G
. ,“ . 2 . Different geographical and
B Ds High initial capital ~Lack of waste recycling 2
topographical influences have
cost system . .
a different exposure time
Cu (& a
C 0 High initial capital = Lack of waste disposal 2 .
. Cause land pollution
cost regulations

Cf:L,wegot C; =(1,0.68,0), rank=A>B>-C.

*

' S°+S

Step 6) Rank preference order:

rank = A> B > C, therefore,
rank = (0.0386,0.0528,0.128) >- (0.0152,0.0144,0.111)
> (0.0082,0.0057,0.0065).

3.3. Results and Discussion

3.3.1. Results

The outcome of ranking is as follows: G;, Gy, Gss (expert A); Gii, G, Gis (expert
B); and G, G, Gss (expert C). These results are presented in Table 18. In terms
of the first dimension (ie., economic and financial barriers) C;, > C,,; in the

second dimension (Ze., political and regulatory barriers), C,; > C,,; and in the
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third dimension (ie, geographical and ecosystem barriers), C,; >~ C,;. The high-
est-ranked criteria are Cs. TOPSIS ranked the experts as follows: A>B>C.
Therefore, the choice of expert A represents the greatest barriers to the devel-
opment of solar energy in Taiwan. The dimension with the greatest weight is the
geography and ecosystem barriers of Taiwan. Within this dimension, the different
exposure times required by solar panels installed in different locations due to
different geographic and topographical influences make the application of solar

energy difficult.

3.3.2. Discussion
This finding is supported by a robust body of literature: for example, the per-
formance of solar panels is greatly affected by the intensity of sunlight, solar
energy is usually intermittent, with limited daytime hours. India has become one
of the best receiving countries for solar energy due to its advantageous position
in the solar belt [13]. Pakistan is located in the solar belt and receives a lot of
sunlight through the year [17]. China has the advantage of a large area, and it is
also in the solar belt, due to scattered settlement patterns, the rural areas and
underserved communities are characterizing [20]. In Vietnam’s solar photovol-
taic land lease payment exemption, it depends on the location [21]. The above is
consistent with the finding of this research Gs.

According to the comments of [8] [11] [13], various materials of solar panels
and electromagnetics is toxic to the environment and have a significant impact
on the ecological environment, which ecological issues are consistent with the

finding D; of this research.

4. Conclusion

Our research results indicate that Taiwan’s natural environment represents the
greatest barrier to the development of solar energy, as its geographical and to-
pographical factors have a negative effect in terms of the duration and intensity
of sunshine. These findings serve as a reference for policymakers and industry
investors. There remain opportunities to develop solar energy; however, the major
factor of limited locations for installation must be considered in policy develop-
ment. All three major system types, namely land, rooftop, and water, have al-
ready been maximized. Innovative approaches will be required to overcome the

natural limitations of Taiwan to support the ongoing development of solar energy.

4.1. Academic Implication

The results of this study can be used as a reference for the Taiwan Energy De-
velopment Center and the Urban Development Bureau, as well as for students

studying renewable energy.

4.2. Limitations of the Paper

The limits of this research are based on the actual environment of Taiwan, other

areas with similar environments to Taiwan. Welcome to refer to and provide

DOI: 10.4236/sgre.2021.129009

159 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2021.129009

S.-M. Lin

valuable opinions.

4.3. Future Studies and Recommendations

The ultimate goal of this paper is to make recommendations to policymakers
with limited land resources in Taiwan. Meanwhile, also we can learn from the
idea of the Dutch innovative solar bike path [31] [32], create new thinking into
the development of solar power to preciously and utility to optimize Taiwan’s
land effectiveness, to relieve the dilemma between Taiwan’s land and power de-
veloped, and make Taiwan’s economy take a big step toward a milestone. And
provide other geographic and topographical environments in the world that are in
the same situation as Taiwan to reference. This research method uses DEMATEL to
integrate TOPSIS to explore the obstacles to the solar energy development in
Taiwan, we will continue to use ingenuity and find innovative ideas and com-

bine the optimal algorithm research method to continue retrieving study.
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