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Abstract

With natural resource scarcity and environmental protection, the use of renewable energy has
become a promise for offering clean and plentiful energy. Photovoltaic (PV) solar cell is one of the
emerging renewable energy applications; however, it suffers a large difficulty in high production cost with
low conversion efficiency currently. Hence, an urgent pressure to upgrade technology and to formulate
product strategy is evident in the solar cell power industry. In order to prosper PV silicone solar cell
power industry, this research develops a conceptual model to help analyze suitable strategic products.
Interpretive structural modeling (ISM) is used to determine the interdependence among criteria first, and
fuzzy analytic network process (FANP) with and benefits, opportunities, costs and risks is applied next to
calculate the priorities of strategic products. The empirical study shows that the conceptual model can
effectively and precisely handle such a complicated problem and can lead to an outstanding performance

result.

Keywords: Photovoltaic (PV) Solar Cell Industry; Fuzzy Analytic Network Process, FANP; Interpretive
Structural Modeling (ISM)



1. Introduction

Photovoltaic (PV) solar cells are semiconductor devices that transfer sunlight directly into electricity
by converting the energy of the light to electrons in the atoms of the cell. The converting process is called
the PV effect, and it is done without the use of either chemical reactions or moving parts (Milliken et al.,
2007). With the policies of many countries in promoting the PV solar cell industry, the industry has grown
tremendously, and the global production capacity of silicon solar cell increased from 52MWp in 2000 to
4.60GWp, 6.3GWp, 9.1GWp, and 12.0GWp in 2005, 2006, 2007 and 2008, respectively (Hirschman and
Schmela, 2006; Wang, 2008). Even though PV systems can offer cleaner and plentiful energy, the major
obstacle they face is that their energy cost is still too high (Hoffmann, 2006). The most commonly used
solar cell today is made from crystalline silicon, but the main trend of solar cell industry is toward the PV
silicon thin-film solar cell because of its potential reduction of production costs, low material
consumption, lower energy consumption and a shorter energy payback time (Duke et al., 2005). The
crystalline silicon material and energy consumption for making a PV silicon thin-film solar cell is only
1/10 of that for a traditional solar cell. However, solar radiation conversion efficiency (currently less than
12%), product stability (different absorption rates for lights with different wavelengths), and lifetime
(deformation after extensive sun exposure) for PV silicon thin-film solar cells all need to be enhanced
(Jager-Waldau, 2004; van Sark et al., 2007; Chen and Lin, 2008). In addition, thin-film technologies also
face a wide range of problems from the lack of knowledge of basic material properties, the availability
issues of production technologies to the legal concerns about patent infringements and the possible
market perspectives. Compared with Japan, US or Europe, Taiwan government has an urgent pressure to
formulate product strategies because its technologies are still behind those countries and its initial
investment costs are very high. However, Taiwan has a great potential since its production capacity in
semiconductor, flat panel display (FPD), and conventional PV solar cell industries, which are highly
related to this emergent market, all have large shares in the world’s markets. Accordingly, a plan to design
product strategy for PV silicone thin-film solar cell power industry in Taiwan is necessary. In addition,
firms within a manufacturing network are forced to integrate and collaborate with each other in order to
develop new strategies, capacities and capabilities in a global competitive environment (Storey and
Emberson, 2006). Thus, in this study, the product strategy will be considered from the perspective of a PV

silicone thin-film solar cell power industry.

Product strategy involves decisions about target market, product mix, project prioritization, resource
allocation and technology selection. With a tremendous degree of complexity and uncertainty, multiple
strategic products are usually selected to increase the possibility of having a few successful projects
(Balbontin et al., 2000). In essence, it is a set of strategic decisions to ensure that the right markets and
products are pursued (Urban and Hauser, 1993). To facilitate the prosperousness of the PV silicone solar
cell power industry, this research develops a conceptual model, using fuzzy analytic network process
(FANP) with interpretive structural modeling (ISM) and benefits, opportunities, costs and risks (BOCR),

to help analyze suitable strategic products for the thin-film solar cell power manufacturing network.



2. A conceptual model for selecting suitable strategic products

Because of fierce competition and limited resources, most companies today can only focus on a
certain part of the production process, such as research and design, components production, assembly
production, packing and testing, transportation and distribution, marketing and sales. With the industrial
value chain being divided into tiny segments, each company can only concentrate on its specialized field
and needs to share its capabilities to solve problems with partners or competitors to obtain the maximum
benefits of the production network (Wiendahl and Lutz, 2002). In addition, a major process
accompanying the inter-firm activities is the significant knowledge flow that takes place among the firms,
and it is regarded as an important engine for innovation (Choi et al., 2008). Firms within the
manufacturing network share a particular body of compound core capabilities, complementary assets and
capability to learn (Kash and Rycoft, 2000). The core competitiveness of the firms is not just the
advantages in capital, capacity and capability (Storey and Emberson, 2006; Heimeriks et al., 2009), but
also in innovation and inspiration (Nonaka and Takeuchi, 1995). Accordingly, the product strategy for PV
silicone thin-film solar cell power industry should be considered from the perspective of the

manufacturing network.

Network resources contain both tangible properties such as financial capitals, core equipments,
complementary technologies, and human resources, and intangible properties like patents, trademarks,
and brand loyalty. Mutual trust, inter-organizational structure, working processes, and specific control
systems are network capabilities. Distinctive competencies are the capabilities to integrate and coordinate
network resources to produce superior performances (Barney, 1991; Mahoney and Pandian, 1992; Spear
and Bowen, 1999). However, based on distinctive competencies and dynamic environments, a company
in the manufacturing network needs to select a set of product strategies to achieve competitive advantages
(Hawkins, 2004; Hill and Jones 2007). Distinctive competencies contain two constructs: network
resources and network capabilities. Dynamic environments can be analyzed from four constructs: internal
strengths and weaknesses, and external opportunities and threats. In order to help select a suitable product

strategy, a conceptual model is built up and is as shown in Fig. 1.
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Fig. 1. Strategic products leading to competitive advantages.



3. A FANP model with ISM and BOCR for evaluating strategic products

A systematic FANP model incorporated with ISM and BOCR is proposed to help analyze the
suitable strategic products from the perspectives of a large firm in a PV silicone solar cell power
manufacturing network. The model is comprised of five phrases, as shown in Fig. 2, and the respective

steps are described here.
Phase I: Construction of a PV silicone solar cell product strategy evaluation network.

Step 1. Form a committee of experts in the PV silicone solar cell industry and define the problem for

selecting suitable strategic products.
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Fig. 2. Flowchart of the proposed model.

Step 2. Construct a control hierarchy for the strategic product evaluation problem.

Step 3. Decompose the strategic product evaluation problem into a network with four sub-networks.

Phase II: Determination of the interdependence among criteria.
Step 4. Establish an adjacency matrix which shows the contextual relationship among the criteria under

each merit. In Phase II, ISM is adopted to determine the interdependence among the criteria.

The adjacency matrix D, is presented as follows:



Step 5.

Step 6.
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Develop the reachability matrix and check for transitivity. The initial reachability matrix H

is calculated by adding D, from step 4 with the unit matrix I:

H =D, +I )

The final reachability matrix H, is under the operators of the Boolean multiplication and

addition (i.e., 1x0=0x1=0, 1+0=0+1=1), and a convergence can be met:
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Determine the interdependence among criteria under each merit. Based on H , the

interdependence among criteria under merit m can be depicted.

Phase IlI: Calculation of priorities of the merits.

Step 7.

Step 8.
Step 9.
Step 10.

Employ a questionnaire to collect experts’ opinions on the importance of strategic criteria and the
importance of merits to strategic criteria.

Determine the priorities of the strategic criteria.

Determine the importance of each merit to each strategic criterion.

Determine the priorities of the merits.

Phase 1V: Calculation of product strategy priorities under the four merits.

Step 11.

Step 12.
Step 13.

Step 14.
Step 15.

Employ a questionnaire to collect experts’ opinions on the importance of criteria, the
interdependence among criteria and the expected performance of product strategies.

Calculate the relative priorities in each sub-network.

Form an unweighted supermatrix for each merit sub-network. Based on the procedure of ANP
proposed by Saaty (1996), the priorities obtained from Step 12 are used to form an unweighted
supermatrix for merit m:

Meritm Criteria Product strategies
Merit m 0 0

- ° “
" Criteria Wers W, 0
Product strategies 0 Wy I

Calculate weighted supermatrix for each merit sub-network.
Calculate the limit supermatrix and obtain the priorities of product strategies under each merit

sub-network.



Phase V: Calculation of final priorities of the product strategies.
Step 16. Calculate overall priorities of the product strategies by synthesizing priorities of each product
strategy under each merit from Step 15 with the corresponding normalized weights b, o, ¢ and r
from Step 10. There are five ways to combine the scores of each product strategy under B, O,
C and R (Saaty, 2003).
Additive:
P=bBit00;i+c(1/C;) Normalized T7(1/R;) Normalized (%)
where B;, O;, C; and R, represent the synthesized results of product strategy i under merit B, O, C
and R, respectively, and b, o, ¢ and r are normalized weights of merit B, O, C and R,
respectively.
Probabilistic additive
P=bB+00i+c(1-C;) +r(1-R)) (6)
Subtractive
P=bB+00;-cCj-rR; (7
Multiplicative priority powers
P=B" O [(1/C)xomaized]” [(1/Ri)Nommatizea] ®)
Multiplicative
P=B,0/CiR; 9)

4. A practical investigation for strategic products in industry

In order to examine the practicality of the proposed conceptual model, the PV silicon thin-film solar
cell power industry in Taiwan is used as an example. The purpose of the control hierarchy in Fig. 3 is to
calculate the priorities, b, o, ¢ and r, of the four merits. The BOCR network has the same goal as the
control hierarchy does, and the purpose of this network is to calculate the priorities of the product
strategies. A set of questionnaire is completed by the experts to generate the priorities of the four merits
and to collect experts’ opinions on the importance of criteria, the interdependence among criteria and the

expected performance of product strategies.

The selection of the most profitable product strategy

Superior
Innovation

Superior Superior Superior
Lfficiency Quality Customer Response

Benefits Opportunities Costs Risks
(B) (0) (C) (R)

Fig. 3. Control hierarchy.




The BOCR network, as shown in Fig. 4, has the same goal as the control hierarchy does, and the
purpose of this network is to calculate the priorities of the product strategies. A set of questionnaire is
completed by the experts to generate the priorities of the four merits and to collect experts’ opinions on

the importance of criteria, the interdependence among criteria and the expected performance of product

strategies.
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Fig. 4. The BOCR network.

The final ranking of the product mixes is calculated by the five methods, additive, probabilistic
additive, subtractive, multiplicative priority powers and multiplicative, to aggregate the scores of each

alternative under B, O, C and R. The results are as shown in Table 1.
5. Conclusion

From empirical demonstration, the conceptual model with a fuzzy analytic network process (FANP),
interpretive structural modeling (ISM) and benefits, opportunities, costs and risks (BOCR) can effectively
and precisely handle the complicated product strategy problem and lead to an outstanding result. From the
practical view of the manufacturing industry, the outcome of strategic products analysis is the instrument
for receiving supports from central authorities. In addition, official policy planners not only represent

central authorities to show their points of views, but also utilize the model to design their development
7



plan.

Table 1.

Final priorities of product mixes.

o Multiplicative
Probabilistic ) o o
Additive Rank . Rank Subtractive Rank priority Rank Multiplicative Rank
additive
powers
Product mix A&B 0.06790 10 0.40310 10 -0.02268 10 0.06088 10 0.19173 10
Product mix A&C 0.15243 1 0.47840 2 0.05262 2 0.14792 1 6.33361 2
Product mix A&D 0.08101 8 0.42753 8 0.00175 8 0.08034 8 0.55411 8
Product mix A&E 0.08547 7 0.43221 7 0.00643 7 0.08508 7 0.70843 7
Product mix B&C 0.11847 3 0.45934 3 0.03356 3 0.11505 3 2.67341 3
Product mix B&D 0.14899 2 0.47972 1 0.05395 1 0.14689 2 7.51181 1
Product mix B&E 0.07536 9 0.42028 9 -0.00549 9 0.07453 9 0.41997 9
Product mix C&D 0.09095 4 0.43749 4  0.01171 4 0.08992 4 0.83128 4
Product mix C&E 0.09123 5 0.43361 6  0.00784 6 0.08763 5 0.78551 5
Product mix D&E 0.08818 6 0.43454 5 0.00876 5 0.08744 6 0.72570 6
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