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2. Current status of renewable energy businesses 

2.1 Japanese current situations of renewable energy businesses 
Since the Great East Japan Earthquake on the 11th of March, 2011 and the Fukushima nuclear power 
plant accident as the aftermath, national energy policies have been actively discussed across the world 
with a particular emphasis on nuclear power. In Japan, post-Fukushima energy policies have been 
discussed as well, during which the Japanese government presented several scenarios of nuclear power 
reduction [McLellan et al. 2013]. For reducing both nuclear shares in the Japanese electric power 
supply and CO2 emission, the Japanese government enacted the law regarding feed-in tariff (FIT) in 
July of 2012 [METI 2013]. The law says that, for example, the electricity generated from photovoltaic 
(PV) systems of households, which are mostly installed on the rooftop, can be sold to the electrical 
grid at the price of about 38 JPY/kWh, while the grid electricity price in Japan is about 25-26 
JPY/kWh as of 2013. As a result, renewable energy businesses are booming in Japan, including large-
scale solar power generation and regional biomass energy businesses. Moreover, technology roadmaps 
describe the advancement of renewable energy technologies in the future, which may accelerate the 
renewable energy business. For example, the conversion efficiency of PV systems is projected to 
increase from 16% in 2012 to 25% in 2030 [NEDO 2013]. 

2.2 Literature review 
In an effort to design future energy systems, much work has been conducted so far, such as the smart 
grid project in Europe [European Commission 2011] and renewable electricity generation in the 
United States [NREL 2012]. However, to the best of our knowledge, few studies have dealt with the 
design of renewable energy businesses although many researchers proposed methods for designing 
general sustainable businesses [Kondoh and Mishima 2010], [Boons et al. 2013]. Related to biomass 
energy businesses, Murphy et al. [2014] conducted the life cycle assessment of forest biomass supply 
chains in Ireland and Lauri et al. [2014] discussed long-term woody biomass supply. Zhang et al. 
[2010] mentioned that there are many biomass conversion technologies available, which include 
gasification [Brown et al. 2009], [Fiorese et al. 2014] and biorefining [Näyhä and Pesonen 2014].  
Despite useful studies as shown above, methodologies for designing sustainable renewable energy 
businesses are insufficient. Moreover, conditions for sustainable biomass energy businesses in terms 
of economic sustainability have not been discussed enough. One of the most critical problems here is 
that there are many unpredictable factors surrounding renewable energy businesses in the future, 
including the FIT scheme, grid electricity price, and initial costs of renewable energy facilities. 

3. A method for modeling renewable energy businesses 

3.1 Approach  
In order to help design sustainable renewable energy businesses considering future unpredictable 
factors, we carry out scenario analysis by taking a simulation-based approach. We employ the concept 
of the life cycle simulation (LCS) [Umeda et al. 2000], [Kishita et al. 2009] to evaluate various 
scenarios of renewable energy businesses. 
LCS is a generalized method to analyze the flow of a material/product, money, and information 
throughout a product life cycle based on a discrete event simulation technique. In LCS, a process flow 
is modeled as a network of various process types, such as material production, product assembly, 
transportation, usage, and disposal. Each process is defined as the formulas of input-output 
relationships between neighboring processes. LCS evaluates the balance of a product life cycle from 
both environmental and economic perspectives. When compared to the life cycle assessment (LCA), 
advantages of LCS include evaluating the dynamic balance of inlet and outlet flows of products over 
the simulation period. 
To examine conditions for sustainable renewable energy businesses, we define the procedures for 
scenario analysis using the concept of LCS in five steps as follows: 

1. Setting the problem to be solved (e.g., time frame, region, and evaluation boundary of interest) 
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the simulation period in order to analyze the economic feasibility of the business. The annual profit is 
calculated by subtracting the total costs from the total sales of the business for every year. 
In the case study, we define 12 process types described in Table 1 for evaluating scenarios of woody 
biomass energy businesses. 

4. A case study of biomass energy business in Maniwa City, Okayama, Japan 

4.1 Problem settings 
We carried out a case study of the woody biomass energy business in Maniwa City, Okayama 
Prefecture, Japan, of which the population and the area are 47,096 and 828.4 km2, respectively. The 
city is a typical rural community with 79% of the whole area being occupied by forests. The economy 
is mainly led by forestry industry, where about 30 timber mills are currently running business by 
manufacturing wooden products including laminated timber. The purpose of the case study is to 
analyze conditions for economic sustainability of the woody biomass energy business. The period 
covered ranges from 2013 to 2032 (i.e., 20 years, specified in the current FIT scheme in Japan). In the 
business, we assumed that woody biomass is converted to two types of energy – “wood pellet,” which 
is used as a fuel to supply hot water, and “electricity.” In particular, the electricity generated from 
woody biomass can be sold to the electrical grid at the price of 25.2-33.6 JPY/kWh based on the 
current FIT scheme, which is about 1-1.3 times higher than the grid electricity price [METI 2013]. 

4.2 Constructing a causal network  
Figure 2 describes a part of the causal network that we constructed regarding the biomass energy 
business by PEST (political, economic, social, and technological) analysis [O’Brien 2004]. Each link 
means a causal relationship between two factors. The link types of “positive” and “negative” represent 
a positive and negative effect from one factor to its descending factors, while “related” represent an 
undetermined effect in terms of polarity (i.e., positive or negative). 
The causal network shows a number of factors that will affect the profit of the biomass energy 
business. For example, the FIT scheme influences Factor (i) “sales of electricity generated from 
woody biomass,” while it also has a positive impact on (c) “grid electricity prices.” 

 
Figure 2. Causal network of the biomass energy business (not exhaustive) 
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b) 

Figure 3. Process flows of woody biomass in Maniwa City: a) Conventional Business Scenario, b) 
Biomass Energy Business Scenario 
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 (A) Conventional Business Scenario: The wood residues (e.g., shaving and bark, 76 thousand 
ton/year) from the timber mills are simply discarded in landfill sites. 

 (B) Biomass Energy Business Scenario: The wood residues from the timber mills are used for 
producing wood pellets (18 thousand ton/year) and electricity (58 thousand ton/year) that is 
sent to the electrical grid based on the FIT scheme. In addition, a larger amount of virgin 
timber (90 thousand ton/year) is collected from domestic wood producers for generating 
electricity. This is because, according to the Japanese FIT scheme, the electricity generated 
from domestic virgin timbers can be sold at a higher price (33.6 JPY/kWh) than that from 
wood residues (25.2 JPY/kWh) [METI 2013]. The difference of the FIT rate for virgin timbers 
and wood residues comes partly from the difference of their water content. In other words, 
wood residues contain less water, enabling to produce more electricity than virgin timbers. 

Table 2. Collected data used in the case study (not exhaustive) 
Process type Item Value Unit Remarks 

General Labor cost 4.0 million 
JPY/year 

Obtained from the interview with Maniwa 
City. 

Grid electricity price 23.8 JPY/kWh Obtained from the website of Chugoku 
Electric Power Co., Ltd. 

Disposal Disposal cost 6.0 JPY/kg To landfill wood residue in Scenario A. 
40.0 JPY/kg To landfill the ash of wood after the energy 

conversion process in Scenario B. 
Annual amount of 
discarded wood 
residues 

76 thousand 
ton/year 

The amount of the wood residues to be 
landfilled in Scenario A. 

Annual amount of 
discarded ash 

1.48 thousand 
ton/year 

The amount of the ash to be landfilled in 
Scenario B. 

Land 
transportation 

Gasoline price for 
trucks 

134 JPY/liter Obtained from the website of Agency for 
Natural Resources and Energy, Japan. 

Transportation 
distance 

20 km Authors’ assumption. 

Collection Wood procurement 
cost 

4.0 JPY/kg Obtained from the interview with Maniwa 
City. 

Annual amount of 
collected wood for 
electricity generation 

148  thousand 
ton/year 

The collected wood is classified into wood 
residue (58 thousand ton/year) and domestic 
virgin timber (90 thousand ton/year). 

Annual amount of 
collected wood for 
pellet 

18 thousand 
ton/year 

Obtained from the interview with Maniwa 
City. 

Initial cost of the 
collection base 

17.5  million 
JPY/year 

The depreciation period of the collection 
base is 20 years. 

Chipping Initial cost of chipping 
machines 

7.5 million 
JPY/year 

The maximum amount of wood that is 
processed in chipping machines is 150 
thousand tons a year. The depreciation 
period of the chipping machines is 8 years. 

Maintenance cost of 
chipping machines 

1.5  million 
JPY/year 

Pelletizing  Initial cost of 
pelletizing machines 

50.0 million 
JPY/year 

The maximum amount of wood that is 
processed in pelletizing machines is 36 
thousand tons a year. The depreciation 
period of the pelletizing machines is 8 years. 

Maintenance cost of 
pelletizing machines 

2.0 million 
JPY/year 

Material loss in the 
process  

20 wt% Authors’ assumption. 

Energy 
conversion 
(power 

Initial cost of the 
power generation plant 

207  million 
JPY/year 

Obtained from the interview with Maniwa 
City. The depreciation period of power 
generation plant is 20 years. Maintenance cost of 124 million 

684 SOCIOTECHNICAL ISSUES IN DESIGN



 

generation) the power generation 
plant 

JPY/year 

Power conversion 
efficiency  

17.2 % Authors’ estimation based on the interview 
with Maniwa City. 

Selling Price of wood pellet 20 JPY/kg Obtained from the interview with Maniwa 
City. 

Price of electricity 
from wood residue to 
the grid 

25.2 JPY/kWh According to the Japan’s FIT scheme [METI 
2013]. 

Price of electricity 
from virgin timber to 
the grid 

33.6 JPY/kWh 

 
The process flows of the scenarios are illustrated in Figure 3. While we divided the actors involved 
into three categories, i.e., primary wood producers, biomass business providers, and end-users, the 
profit of the biomass business providers was evaluated in the case study. The biomass business 
providers consist of timber mills, collection base, and electricity producer. For the sake of simplicity, 
we calculated the costs and sales of the processes after the wood residues arise in the “laminated 
timber production” process since the upstream processes before “laminated timber production” are the 
same in Scenarios A and B. In Scenario B, the wood pellets are sold to the city office, city pool, 
hotels, etc., whereas the generated electricity is sent to the electrical grid. 
To calculate the costs and sales in each process, we collected much data based on interviews with 
Maniwa City and experts and many literature reviews. A part of the collected data is summarized in 
Table 2. The first two items (labor cost and grid electricity price) are used for calculating costs in 
several process types. 

4.4 Evaluation results 
Figure 4 depicts the annual costs and sales in Scenarios A and B. The annual profit of Scenario A is -
456 million JPY, which is equivalent to the disposal cost. In contrast, the annual profit of Scenario B 
is 1,060 million JPY. The annual electricity and pellet sales are 2,100 million JPY and 360 million 
JPY, respectively. The annual costs of Scenario B amounts to 1,400 million JPY, where the three 
largest costs are wood procurement cost (26%, 360 million JPY), electricity cost (22%, 310 million 
JPY), and initial cost (20%, 280 million JPY). On the other hand, disposal cost (4%, 59 million JPY), 
labor cost (5%, 76 million JPY), maintenance cost (9%, 130 million JPY), and land transportation cost 
(13%, 190 million JPY) are less significant.  
Obviously, the electricity sales based on the FIT scheme is the most significant to make it 
economically feasible to run the biomass energy business in Scenario B. The comparison of Scenarios 
A and B shows that another strength of the biomass energy business is to save the disposal cost of 
wood residue, resulting in reducing solid waste to be landfilled. 

 
Figure 4. Annual costs and sales in Scenarios A and B 
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4.5 Scenario analysis of the biomass energy business 
Given there are uncertainties in various factors associated with the biomass energy business, we 
conducted scenario analysis of Scenario B. Figure 5 shows the result of sensitivity analysis, describing 
the annual profit when each parameter of (a)-(i) in Figure 2 is increased 10%. The result indicates that 
less sensitivity is observed in the cost factors (a)-(f) compared with the factors (g) and (i), which are 
related to the sales of the business. The most critical factors for the economic sustainability of the 
business are (i) “price of electricity generated from woody biomass” and (g) “inflow of wood for wood 
pellet and electricity generation.” In other words, the business might be bankrupt if the value of (i) or 
(g) decreases.  
Based on the result in Figure 5, we examined the marginal condition of economic feasibility for 
clarifying conditions for a sustainable business. Figure 6 describes the marginal line of the profit when 
we changed the values of (g) “inflow of wood” and (i) “price of electricity generated from woody 
biomass” in Scenario B. In the original condition of Scenario B, the inflow of wood (annual amount of 
collected wood) for electricity generation is 148 thousand ton/year (wood residue: 58 thousand 
ton/year, domestic virgin timber: 90 thousand ton/year) and the price of electricity generated from 
woody biomass is 25.2 JPY/kWh (wood residue) or 33.6 JPY/kWh (domestic virgin timber). The 
result indicates that, if we assume that the current FIT scheme is maintained in the upcoming 20 years 
(i.e., the price of electricity from woody biomass is the same as Scenario B), it is required to collect 
more than about 40 % of inflow wood for electricity generation (74 thousand ton/year of wood, 
consisting of 29 thousand ton/year of wood residue and 45 thousand ton/year of domestic virgin 
timber) to ensure economic feasibility. The business will be economically unfeasible if the current FIT 
scheme is amended and the price of the electricity produced from woody biomass drops to below 50% 
of that in Scenario B. 

 
Figure 5. Sensitivity analysis in Scenario B when increasing each parameter by 10% 

 
Figure 6. Economically marginal condition of the biomass energy business 
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5. Discussions 
The result of the case study showed that critical factors of driving the business include (g) “the amount 
of inflow wood” and (i) “the price of electricity from woody biomass” (see Figure 5). For the biomass 
business providers, Factor (i) is an external variable since it depends on the FIT scheme, which is a 
part of the Japan’s national energy policies. Figure 6 pointed out that the business becomes 
economically unfeasible if the price of the electricity produced from woody biomass decreases to 
below 50% of the price as of 2013. Regarding Factor (g), the biomass business providers need to 
collect more than 74 thousand ton/year of wood for electricity generation. In particular, domestic 
virgin timber should be collected of higher priority because the price of the electricity generated from 
virgin timber (33.6 JPY/kWh) is higher than that from wood residue (25.2 JPY/kWh). One promising 
measure for increasing the amount of collected domestic virgin timber is to incentivize domestic wood 
producers by paying more procurement cost (see Factor (g) in Figure 2). Figure 7 describes the 
influence of wood procurement cost on the annual profit when the annual amount of collected 
domestic virgin timber for electricity generation is fixed at 90 thousand ton/year. While the wood 
procurement cost in Scenario B is 4.0 JPY/kg (see Table 2), the marginal wood procurement cost is 
15.8 JPY/kg to keep the business profitable. 

 
Figure 7. Influence of wood procurement cost on the annual profit 

In this way, the proposed method is useful for identifying key driving and inhibiting factors, which 
helps business providers come up with possible actions for realizing an economically sustainable 
business. We believe that the 5-step procedures for conducting scenario analysis, which are shown in 
Section 3.1, are applicable to other renewable energy businesses for clarifying conditions for 
sustainable energy businesses, if necessary data is available. The method and the case study regarding 
the design of renewable energy businesses, which were demonstrated in this paper, would contribute 
to expanding a new academic field in design for sustainability. 
However, in order to design sustainable renewable energy businesses in a holistic way, it is needed to 
combine quantitative analysis and narrative stories because not all the factors of the businesses can be 
quantified in our model. For example, there are many possible ways to increase the annual amount of 
collected domestic virgin timbers other than paying additional wood procurement cost. These include 
indirect and delayed factors, such as developing forest roads to carry wood more efficiently and 
teaching forest management skills especially to younger generations. Describing such narrative 
scenarios based on quantitative analysis using the simulation model developed in the paper is one of 
our future issues. 

6. Conclusions 
Toward designing sustainable energy businesses, we proposed a method for modeling renewable 
energy businesses based on the concept of life cycle simulation (LCS). The case study of the woody 
biomass energy business in Maniwa City revealed that the energy business using wood residues and 
domestic virgin timbers becomes economically feasible if the current FIT scheme is maintained and an 
abundant amount of wood is collected for producing wood pellet and electricity. In addition, the usage 
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of wood residues for producing wood pellet and electricity results in reducing the disposal cost 
compared to directly landfill them. Future issues include collecting more data for improving the 
accuracy of the evaluation results. 

Acknowledgement 
The authors are grateful to Maniwa City for providing indispensable dataset to carry out the case study described 
in the paper. 

References 
Boons, F., Montalvo, C., Quist, J., Wagner, M., "Sustainable Innovation, Business Models and Economic 
Performance: An Overview", Journal of Cleaner Production, Vol. 45, April 2013, 2013, pp. 1-8. 
Brown, D., Gassner, M., Fuchino, T., Marechal, F., "Thermo-economic Analysis for the Optimal Conceptual 
Design of Biomass Gasification Energy Conversion Systems", Applied Thermal Engineering, Vol. 29, No. 11-12, 
2009, pp. 2137-2152. 
European Commission, "Smart Grid Projects in Europe: Lessons Learned and Current Developments: 
Publications Office of the European Union", Luxembourg, 2011. 
European Photovoltaic Industry Association, "Global Market Outlook for Photovoltaics 2013-2017", Brussels, 
2013, pp. 13-14. 
Fiorese, G., Catenacci, M., Bosetti, V., Verdolini, E., "The Power of Biomass: Experts Disclose the Potential for 
Success of Bioenergy Technologies", Energy Policy, Vol. 65, February 2014, 2014, pp. 94-114. 
Kishita, Y., Fukushige, S., Umeda, Y., Fujimoto, J., "Modelling, Analysis and Risk Evaluation of Resource 
Circulation in Asia", International Journal of Environmental Technology and Management, Vol. 11, No. 4, 
2009, pp. 290-318. 
Kondoh, S., Mishima, N., "Strategic Decision-making Method for Eco-business Planning", CIRP Annals, Vol. 
59, No. 1, 2010, pp. 41-44. 
Lauri, P., Havlík, P., Kindermann, G., Forsell, N., Böttcher, H., Obersteiner, M., "Woody Biomass Energy 
Potential in 2050", Energy Policy, Vol. 66, March 2014, 2014, pp.19-31. 
McLellan, B. C., Zhang, Q., Utama, N. A., Farzaneh, H., Ishihara, K. N., "Analysis of Japan's Post-Fukushima 
Energy Strategy", Energy Strategy Reviews, Vol. 2, No. 2, 2013, pp. 190-198. 
Ministry of Economy, Trade and Industry, Japan (METI), "Settlement of FY2013 Purchase Prices for 
Newcomers and FY2013 Surcharge Rates under the Feed-in Tariff Scheme for Renewable Energy", 2013. 
Moore, S., Durant, V., Mabee, W. E., "Determining Appropriate Feed-in Tariff Rates to Promote Biomass-to-
electricity Generation in Eastern Ontario, Canada", Energy Policy, Vol. 63, December 2013, 2013, pp. 607-613. 
Moriguchi, Y., "Recycling and Waste Management from the Viewpoint of Material Flow Accounting", Journal of 
Material Cycles and Waste Management, Vol. 1, No. 1, 1999, pp. 2-9. 
Murphy, F., Devlin, G., McDonnell, K., "Forest Biomass Supply Chains in Ireland: A Life Cycle Assessment of 
GHG Emissions and Primary Energy Balances", Applied Energy, Vol. 116, 1 March 2014, 2014, pp. 1-8. 
National Renewable Energy Laboratory (NREL), "Renewable Electricity Futures Study, National Renewable 
Energy Laboratory", Golden, 2012. 
Näyhä, A., Pesonen, H. L., "Strategic Change in the Forest Industry towards the Biorefining Business", 
Technological Forecasting and Social Change, Vol. 81, January 2014, 2014, pp. 259-271. 
New Energy and Industrial Technology Development Organization (NEDO), "Photovoltaic Technology 
Roadmap (PV 2030+)", 2013. (in Japanese) 
O’ Brien, F. A., "Scenario Planning – Lessons for Practice from Teaching and Learning", European Journal of 
Operational Research, Vol. 152, No. 3, 2004, pp. 709-722. 
Umeda, Y., Nonomura, A., Tomiyama, T., "Study on Life-cycle Design for the Post Mass Production Paradigm", 
Artificial Intelligence for Engineering Design, Analysis and Manufacturing, Vol. 14, No. 2, 2000, pp. 149-161. 
Zhang, L., Xu, C., Champagne, P., "Overview of Recent Advances in Thermo-chemical Conversion of Biomass", 
Energy Conversion and Management, Vol. 51, No. 5, 2010, pp. 969-982. 
 
Yusuke Kishita, Ph.D., Assistant Professor 
Osaka University, Center for Environmental Innovation Design for Sustainability (CEIDS) 
2-1, Yamada-oka, Suita, Osaka 5650871, Japan 
Telephone: +81-6-6879-7260 
Email: kishita@ceids.osaka-u.ac.jp 
URL: http://www.ceids.osaka-u.ac.jp 

688 SOCIOTECHNICAL ISSUES IN DESIGN


