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Abstract 

We created a 2011 input-output table to analyze a next-generation energy system (IONGES). This 

research on IONGES incorporates renewable energy sectors into the input-output table published by 

the Ministry of Internal Affairs and Communications (MIC), Japan. Using a table incorporating 

renewable energy sectors up to the composition ratio assumed in 2030, we compared the unit structural 

construction cost per 1 kWh of lifetime electricity generated by each power generation facility of each 

type of renewable energy and the unit structural operation cost (power generation cost) per 1 kwh of 

generated power. 
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1 INTRODUCTION 

New energy systems using renewable energy are being explored as measures to mitigate climate 

change. We developed the 2011 Input-output table to investigate the next generation energy system 

(IONGES) as a tool to analyze the economic and environmental effects of the former. This table 

follows a 2005 study of IONGES [1] and our previously published inter-regional IONGES study [2]. 

IONGES is a table that incorporates renewable energy sectors into the input-output table published by 

the Ministry of Internal Affairs and Communications (MIC), Japan. The sectors incorporated in the 

2011 IONGES are power facility construction and power generation for eleven types of renewable 

energy. The purpose of this study is to describe the 2011 IONGES table and use it to analyze the unit 

structures of renewable energy sectors. The industrial linkage extracted from the entire input-output 

relationship, which relates to production activity in only one sector, is called the unit structure of that 

sector and will be described here. The unit structure of each renewable energy generation activity 

shows its structural unit cost. 

 

2 INPUT-OUTPUT MODEL 

Figure 1 provides a conceptual diagram of the input-output table. The columns in this figure shows 

the composition of inputs to the sector, and the rows show the composition of outputs from the sector. 

In Fig. 1, 𝑥𝑖𝑗 is an element of the transaction matrix X of the intermediate goods, and indicates the 

quantity of i-th goods input to the j-th sector. ∑ 𝑥𝑖𝑗 + 𝑣𝑗 = 𝑥𝑗𝑖  shows that the sum of intermediate 

inputs and the value added in the j-th sector is equal to the production value of the sector, and 

∑ 𝑥𝑖𝑗 + 𝑓𝑖 = 𝑥𝑖𝑗   shows that the sum of intermediate demand and final demand of the i-th good is 

equal to the production value of the i-th sector, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Conceptual diagram of an input-output table 
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The ratio of  𝑥𝑖𝑗   to  𝑥𝑗   is called the input coefficient 𝑎𝑖𝑗 = 𝑥𝑖𝑗/𝑥𝑗 , and is based on the 

following equation: 

∑ 𝑎𝑖𝑗 + 𝑣𝑗/𝑥𝑗 = 1𝑖   (1) 

A, with all input coefficients as elements, is called the input coefficient matrix. Using A, the supply 

and demand balance of all sectors can be shown as follows: 

𝐀𝐱 + 𝐟 = 𝐱 (2) 

Here, x is the total production vector and f is the final demand vector (million JPY). The Leontief 

inverse matrix 𝑩 = (𝑰 − 𝑨)−1 is obtained by solving equation (2) for x. The elements in the j-th 

column of B show the intermediate inputs required directly and indirectly throughout the supply chain 

to produce one unit of the j-th good. When the j-th column of the Leontief inverse matrix B is 

represented by Bj, replacing x in equation (2) with Bj gives equation (3) below: 

𝑨 ∙ 𝑩𝑗 + 𝑰𝑗 = 𝑩𝑗 (3) 

Here, Ij is a unit vector with the j-th element as 1 and the others as zero. here, 

𝑼ｊ = 𝑨 ∙ 𝑩𝑗 (4) 

Ozaki [3] defined 𝑼𝑗 as the unit structure of the j-th good. The unit structure shows all intermediate 

goods transactions that occur directly and indirectly through the supply chain of the j-th good. Ozaki 

[3] considered the unit structure to indicate the structural unit cost of producing the good. 

𝐔𝑗 =

[
 
 
 
 

𝑏1𝑗

⋮
𝑏𝑗𝑗 − 1

⋮
𝑏nj ]

 
 
 
 

  (5) 

Equation (5) is obtained by expanding equation (4). Each element of 𝑼𝑗 indicates the total amount 

of each intermediate good required in the entire supply chain of the j-th good. Equation (4) is also 

expanded as follows : 

�̅�𝑗 = 𝐀 ∙ �̂�𝑗 = [

𝑎11 ⋯ 𝑎1𝑛

⋮ ⋱ ⋮
𝑎𝑛1 ⋯ 𝑎𝑛𝑛

] ∙ [

𝑏1𝑗 ⋯ 0

⋮ ⋱ ⋮
0 ⋯ 𝑏𝑛𝑗

] = [

𝑢11 ⋯ 𝑢1𝑛

⋮ ⋱ ⋮
𝑢𝑛1 ⋯ 𝑢𝑛𝑛

]  (6) 

Here, if e is a unit vector, the following holds: 

�̅�𝑗 ∙ 𝐞 = 𝐔𝑗  (7) 

Equation (6) visualizes the trade structure of intermediate goods between sectors, which occurs 

throughout the supply chain of the j-th good. In this study, we calculate the unit structure using 𝑩 =

(𝑰 − (𝑰 − �̂�)𝑨)−1 as a Leontief inverse matrix, taking into account the leakage effect due to imports. 
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3 SUMMARY OF IONGES 2011 

The 2011 IONGES has two kinds of tables, one that incorporates renewable energy sectors that 

existed in 2011 and one that renewable energy sectors up to the composition ratio assumed in 2030 

(2030 IONGES). 

Table 1 shows the types of power and their component ratios (equipment composition, power 

generation composition) in 2030 IONGES. 

In IONGES, the average producer price (17 JPY / kWh) in the MIC input-output table is applied to 

existing power sources such as nuclear, thermal, and large-scale hydro, and to renewable energy power 

sources. This follows the single price principle adopted in the MIC input-output table. With this 

assumption, the value of electricity can be easily converted to a physical quantity (kWh) using the 

producer price. 

However, electricity from renewable energy is actually purchased at a price higher than the producer 

price under the feed in tariff (FIT) scheme. In IONGES, the difference between the purchase price and 

the producer price is treated as a “subsidy”. In other words, it represents a deduction item in the value 

added sector1. 

 

Table 1. Composition ratio in the 2030 IONGES* 

 Facility Operation 

Nuclear power 14.73% 21.00% 

Thermal power 30.07% 56.00% 

Water power 16.51% 8.23% 

Solar power for homes 3.01% 0.90% 

Solar power for businesses 12.13% 6.16% 

Onshore wind power 2.55% 1.51% 

Offshore wind power 0.55% 0.21% 

Small hydropower 2.54% 0.82% 

Flash type geothermal  1.11% 0.82% 

Binary type geothermal 0.37% 0.19% 

Woody biomass (30,000 kW class) 0.26% 0.52% 

Woody biomass (5000 kW class) 2.19% 2.29% 

Woody biomass (2000 kW class) 0.21% 0.16% 

Methane fermentation (raw garbage) 0.61% 0.02% 

Methane fermentation (sewage sludge) 0.02% 0.01% 

Methane fermentation (livestock manure) 0.24% 0.05% 

Waste incineration (large) 5.27% 0.51% 

Waste incineration (medium) 7.63% 0.61% 

Total 100.00% 100.00% 

*Based on the long‐term energy supply‐demand outlook [4]. Supplementary materials [5,6] were used for 
seven types of biomass power generation. The composition ratio of facility construction is that of facility 
construction cost calculated from the installed capacity and the construction unit price [7,8]. 

                                                        
1 In the woody biomass and the methane fermentation biomass power generation sectors, it is assumed 

that part of the FIT subsidy is used to support fuel procurement. 
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Table 2. Power plant specifications used for estimation 
 

Capacity Generation 

MWh / yr 

Utilization 

rate 

Construction 

unit  

(10 thousand 

JPY/kW) 

Operation costs 

(10 thousand 

JPY/kW/yr） 

FIT 

(JPY 

/kWh )  

Service 

life 

Solar power for homes 4 kW 5 0.137 32.70 0.30 26.50  30 

Solar power for businesses 1,200 kW 1,798 0.171 23.85 0.50 18.00  30 

Onshore wind power 20,000 kW 43,450 0.248 29.70 1.03 20.00  20 

Offshore wind power 150,000 kW 394,200 0.3 56.50 2.25 36.00  20 

Small hydropower 199 kW 1,046 0.6 132.00 5.40 25.00  40 

Flash type geothermal  30,000 kW 218,124 0.83 79.00 3.30 26.00  40 

Binary type geothermal 50 kW 394 0.9 123.00 

No 

specifications. 

Value 

estimated 

based on each 

source. 

40.00  40 

Woody biomass (30,000 kW) 30,000 kW 217,016 0.826 29.67 24.00  40 

Woody biomass (5000 kW ) 5,000 kW 34,164 0.780 53.00 32.00  40 

Woody biomass (2000 kW) 1,990 kW 13,474 0.773 71.36 40.00  40 

Methane fermentation (raw garbage) 50 t/日 785 0.300 803.46 39.00  30 

Methane fermentation (sewage sludge) 161 M3/day 1,486 0.355 53.58 39.00  30 

Methane fermentation (livestock manure) 95 t/day 1,977 0.752 265.00 39.00  30 

Waste incineration (large) 600 t/day 26,685 0.650 474.43 17.00  40 

Waste incineration (medium) 300 t/day 13,350 0.650 578.59 17.00  40          
HV 2.41 Million JPY / unit 

 cf.  Specific price for gasoline vehicles: 1.8 million JPY/ unit EV 3.54 

Italic blue indicates that the value is calculated backward. 
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4 CREATION PROCEDURE OF IONGES 2011 

4.1 Input coefficient vectors of renewable energies 

To create the input coefficient vector for the construction of each renewable energy facility or type 

of power generation, the total facility construction cost or total operation cost were determined based 

on the latest data at the time of creation. Table 2 shows the specifications of each type of power 

generation plants, which is basis for estimating the input coefficients. The total amount was then 

divided into individual input elements with reference to the materials in Table 3 for each type of 

renewable energy and created input coefficient vectors. 

 

Table 3. Materials used to estimate input coefficients for renewable energy sectors 

Solar power 
NEDO [9], JPEA [10], Mizuho Information & Research 

Institute [11] 

Wind power 
Interview with Japan Wind Power Association (JWPA), 

EWEA [12], REFIO [13] 

Small hydropower NEF [14], ANRE & NEF [15] 

Flash type geothermal  
Adachi [16,17], NEDO&NEF [18], MOE [19], Hienuki and 

Hondo [20,21] 

Binary type geothermal MOE [19], Niigata pref. [22] 

Woody 

biomass  

30,000 kW class 

FFPRI [23] 5000 kW class 

2000 kW class 

Methane 

fermentation  

raw garbage Yuyama et al. [24] 

sewage sludge MILT [25] 

livestock manure Shikaoi-cho [26] 

Waste 

incineration  

large 
Matsuto [27] 

Medium 

 

4.2 Sectors related to renewable energy 

In the 2011 and 2030 IONGESs, the sectors shown in Table 4 were also added to the MIC table to 

more accurately analyze the ripple effects of renewable energy. Table 4 also shows the materials 

referred to while creating the input coefficient vectors of those sectors. 

 

Table 4. Renewable energy related sectors 

Solar cells REFIO [13] 

Windmills EWEA [12] 

Machine repair  

solar panels for home 

REFIO [13] solar panels for business 

wind power 

Passenger motor cars (hybrid vehicles, electric vehicles) 
METI [28], Kimura [29], JAPIA [30], 

Fuji keizai [31] 
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4.3 Biomass power generation sectors 

At the 2030 IONGES, we carefully described the biomass fuel input in woody biomass, methane 

fermentation gasification, and waste power generation sectors to analyze the impact of biomass power 

generation on the regional economy more accurately than it had been done before. For example, we 

described the input flow of the intermediate goods “woody biomass power generation sector → 

biomass fuel sector → forestry” clearly (arrow A in Fig. 2). We estimated the input of methane gas 

from the waste or sewage treatment sectors to the methane fermentation gasification power generation 

sector and the steam input from the waste treatment sector to the waste power generation sector (arrow 

B in Fig. 2). As a result, we were able to analyze the production spillovers that the demand for 

electricity from these power sectors induced in each fuel supply sector. 

The effective utilization of compost or fermentation heat produced as by-products from waste 

treatment facilities is essential for the sustainable operation of power generation from methane 

fermentation of biomass [24, 26]. In the 2030 IONGES, we described a situation in which compost 

and fermentation heat are effectively used for regional agriculture (arrow C in Fig. 2), and the inputs 

of organic fertilizer and fuel oil used to heat greenhouses are mitigated accordingly (shaded cells in 

Fig. 2). The value of compost and fermentation heat, which are by-products of waste treatment 

facilities, are not described in the MIC input-output table. Therefore, the total production values of the 

waste treatment sectors in 2030 IONGES became larger than that in the MIC table. We considered that 

this increase added value in the waste treatment sector (cell filled with dots in Fig. 2).  

Fuel wood inputs are a major cost in the woody biomass power generation sector. Therefore, it is 

reasonable to assume that a certain percentage of the subsidy of the power generation sector (defined 

as the difference between the FIT and the producer price of electricity) is spent on securing fuel wood. 

In the 2030 IONGES, the subsidy was allocated to the power generation sector (thin cell in Fig. 2) and 

the fuel supply sector (dark cell in Fig. 2), and the fuel input to the power generation sector was 

reduced by the amount allocated to the latter. 

 

5 UNIT STRUCTURE 

5.1 Structural unit cost of renewable energy 

We calculated the unit structures defined by Eq. (5) for facility construction and power generation 

(operation) from various types of renewable energy. Eq. (8), which is the row sum of Eq. (5), is the 

“structural” unit cost associated with the one unit (1 million JPY) of facility construction (k_C) or 

generation (k_G) for renewable energy of type k.  

𝑆𝑈𝑘_𝑚 = ∑ 𝑏𝑖𝑘_𝑚 − 1𝑖 ,  m= C or G  (8) 

In IONGES, electricity is converted into monetary value at the producer price (17 JPY / kWh). 

Thus, 𝑆𝑈𝑘_𝐺  (million JPY) represents the “structural” unit generation cost for electricity of 
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( 1 × 106 ÷ 17 =  5.88 × 104 kWh) . Suppose the k-th renewable energy power plant produces 

 5.88 × 104(kWh)  of electricity per year. Assuming that the useful life of the power plant is 𝛾𝑘 

(years), its lifetime power generation is  5.88 × 104 × 𝛾𝑘(kWh). The structural unit generation cost 

that it requires through its lifetime can be calculated as the sum of the discounted present value of the 

annual structural unit cost during its useful life, as follows: 

∑
𝑆𝑈𝑘_𝐺

(1+𝑖)𝑡−1

𝛾𝑘
𝑡=1 = 𝑆𝑈𝑘_𝐺 ∙

1−(
1

1+𝑖
)𝛾𝑘

1−(
1

1+𝑖
)

(106 JPY)  (9) 

By dividing equation (9) by the lifetime power generation, the structural operating cost per unit of 

the lifetime power generation of this power plant is defined as follows:  

𝑆𝑈𝑘_�̂� = 𝑆𝑈𝑘_𝐺 ∙
1−(

1

1+𝑖
)
𝛾𝑘

1−(
1

1+𝑖
)

∙
100

5.88×𝛾𝑘
 (JPY/kWh) (10) 

where i is the discount rate. 

With respect to the structural facility construction cost, assuming that the unit price of facility 

construction of the k-th renewable energy type is 𝛼𝑘 (10,000 JPY/kW), the equipment utilization rate 

is 𝛽𝑘, the lifetime power generation provided by one unit (1 million JPY) of the k-th renewable energy 

facility is as follows : 

100 ×
1

𝛼𝑘
× 8760 × 𝛽𝑘 × 𝛾𝑘 = 8.76 × 105 ×

𝛽𝑘𝛾𝑘

𝛼𝑘
  (11) 

By dividing the “structural” unit facility construction cost 𝑆𝑈𝑘_𝐶 (million JPY) required per one unit 

of construction of the k-th renewable energy power generation facility by equation (11), the structural 

unit facility construction cost per unit of lifetime power generation (kWh) is defined as follows: 

 𝑆𝑈𝑘_�̂� = 𝑆𝑈𝑘_𝐶 ×
10

8.76

𝛼𝑘

𝛽𝑘𝛾𝑘
 (JPY/kWh)  (12) 

Table 4 shows the assumed construction unit price 𝛼𝑘 (10,000 JPY/kW), the equipment utilization 

ratio 𝛽𝑘, and the useful life 𝛾𝑘 (years) assumed for each type of renewable energy. The discount rate 

i in equation (10) is the social discount rate 4% used in the cost-benefit analysis of public works 

evaluation [32]. 
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PG: Power generation, DwF: Difference with FIT 

Fig. 2 Conceptual diagram of 2030 IONGES 
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5.2 Results 

The vertical axis in Figure 3 indicates the structural cost per unit of power generated, based on 

equation (10) (hereafter unit structural cost of operation). The horizontal axis shows the structural cost 

of constructing each type of power generation facility per unit of lifetime power it generates, as 

calculated using equation (12) (hereafter unit structural cost of construction). The diameter of the circle 

indicates the relative magnitude of the power generation of each source assumed in 2030. 

The difference in the longitudinal direction in Figure 3, or the difference in unit structural cost of 

operation, is relatively small compared to the difference in the lateral direction, indicating a difference 

in the unit structural cost of construction. Figure 3 shows that, in the lateral direction, the unit structural 

cost for construction of woody biomass power and large-scale geothermal power is low. The unit 

structural costs of construction of a methane fermentation gasification power plant and a waste 

incineration power plant are high. However, those facilities also function as waste disposal facilities. 

 

Diameter of a circle indicates the magnitude of the power generation composition ratio assumed in 2030. 

Shome: Solar power for homes, Sbusi: Solar power for businesses, OnW: Onshore wind power, OffW: 
Offshore wind power, SHy: Small hydropower, FGeo: Flash type geothermal, BGeo: Binary type 
geothermal, Wood: Woody biomass, Meth: Methane fermentation, Waste: Waste incineration 

Fig. 3. Structural unit cost 

 

We conducted a sensitivity analysis to demonstrate the change in unit structural costs of operation 

and construction when unit construction costs of renewable energy generation facilities are reduced 

by 10%, the capacity utilization rates are increased by 20%, and the service lives are extended by 10 
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years (Fig. 4). The unit structural costs of construction and operation after the change were at levels 

of 36% to 60% and 85% to 87% before change, respectively. 

 

 

Construction unit price reduced by 10%, equipment utilization increased by 20% and service life extended 
by 10 years than Fig.3. Abbreviations are same as Fig.3 
FC_O: Facility cost (original), FC_S: Facility cost (simulation), OC_O: Operation cost (original), OC_S: 
Operation cost (simulation) 

Fig. 4. Simulated structural unit costs 

 

Figure 5 shows the unit structure of methane fermentation gasification power (livestock manure) 

calculated by equation (6). It shows the trade structure of intermediate goods that one unit (one million 

JPY) of this power generation activity produces for the entire economy. A dot in the figure indicates 

that there is an intermediate goods transaction occurring, and the diameter of the dot indicates the 

relative size of the transaction volume. The order of the sectors in Fig 5. is “order of triangularization” 

[3].  

Triangulation is the rearranging of input-output sectors in order of processing degree. Goods and 

services produced by all sectors fall into the following categories: raw materials, intermediate 

processing products, final products, and energy and business services used in all production processes 

(e.g., financial and information services). Then, sectors are rearranged in the order in which the final 

products are at the top. Such rearranging makes it easier to interpret the trade structure of intermediate 

goods. Figure 5 shows the cyclical structure of the intermediate goods transaction triggered by the 

following supply chain of methane fermentation gasification power; briefly, it is as follows: waste 
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treatment sector that supplies methane gas for power generation activity → transportation sector that 

services the waste treatment sector → repair sector that services these sectors → other sectors 

supplying mechanical and chemical products to repair sectors. Figure 5 shows that intermediate 

transactions in information goods and services cause a new economic circulation as a result of recent 

digitization. Although the relative volume is small, there is also a supply chain from the agriculture 

sector to waste treatment sectors via through livestock manure inputs. This chain will be important in 

analyzing the effects of generating power from methane fermentation gasification on the local 

economy. 

 

 

The sector numbers are as follows: 1. Construction, 2. Machine, 3. Information machine, 4. Primary 
information goods, 5. Other final industrial products, 6. Steel, 7. Non-ferrous, 8. Food, 9. Stone products, 
10. Textile, 11. Rubber/Plastic/Leather goods, 12. Wood products, 13. Chemical products, 14. Inorganic 
chemistry, 15. Ore, 16. Agricultural products, 17. Marine products, 18. Ceramic raw materials, 19. Forestry, 
20. Crude oil/Natural gas, 21. Fuel, power, 22. Metal products, 23. Repair, 24. Services, 25. 
Commerce/Finance/Insurance, 26. Secondary information services, 27. Primary information services, 28. 
Education/Research, 29. Unknown 

Fig. 5. Unit structure of power generation from methane fermentation (livestock manure) 
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Figure 6 and 7 show the unit structure of facility construction and power generation of offshore wind 

power, respectively. In figure. 6, we can identify a large-scale triangularity structure for offshore wind 

power facility construction. Also, in Figure 7, we confirmed two triangularity structures for offshore 

wind power generation. One of them is related to the material supply chain necessary for maintenance 

of facilities, and the other is related to the non-material management service for power generation 

activities. 

 

 

The sector name corresponding to each sector number is the same as in Figure 5. 

Fig. 6. Unit structure of offshore wind power facility construction 
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The sector name corresponding to each sector number is the same as in Figure 5. 

Fig. 7. Unit structure of offshore wind power generation 

 

6 CONCLUSION 

In this study, we described the process of preparing the 2011 IONGES and the 2030 IONGES, and 

analyzed the unit structures of renewable energy sectors using the prepared table. In the future, the 

facility operation rate of home solar power will be greatly improved through the spread of a home 

energy management system (HEMS), and the operation of mega solar and wind power generation 

facilities will be improved by the development of weather forecasting technology and the introduction 

of a smart grid. Therefore, it is important to analyze how much the unit cost of renewable energy is 

reduced by these technological advances. Furthermore, because renewable energy has regional 

characteristics, it is also important to analyze regionally specific unit structures of renewable energies 

in detail. 
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