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Abstract 
An integrated energy system (with photovoltaic (PV) and fuel cell (FC) for 
building) is proposed and assessed in term of its energy self-sufficiency rate in 
seven cities (Nagoya, Toyota, Tajimi, Takayama, Ogaki, Hamamatsu, Shizuo-
ka) in Tokai region in Japan in this paper. In this work, it is considered that 
the electricity requirement of the building for household users is provided by 
a building integrated photovoltaic (BIPV) system and the gap between the 
energy demand and BIPV supply is fulfilled by the FC. The FC is powered by 
the electrolytic H2 produced when PV power was in surplus. Based on the 
study of applying the proposed system in seven cities, which clarifies the ef-
fectiveness of the integrated BIPV, electrolytic H2 and FC power generation 
system, a universal system model has been developed in this paper. It has been 
observed that the monthly power production from BIPV as well as FC system 
are higher in spring and summer, while they are both lower in autumn and 
winter at all considered locations. The self-sufficiency rate of the FC system is 
higher with decreasing households’ number and it has been observed that 16 
is the most appropriate number of households in a building, whose electricity 
demand could be fully covered by the integrated PV and FC system. Due to its 
climate condition, Hamamatsu is the best city in the region for installing the 
proposed system. The correlation between the households’ number and 
self-sufficiency rate of the FC system per solar PV installation area can be ex-
pressed by the regression curve in the form of y = ax−b well. 
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1. Introduction 

According to Energy White Paper 2017 in Japan [1], it is expected that the global 
consumption of primary energy will increase by 1.2% - 1.8% per year from 2015 
to 2030. The renewable energy is expected to be the most increasing energy 
source. Power generated from renewable energy sources excluding hydro power 
in 2030 is expected to be 2.1 - 3.4 times as large as that in 2015. Though the re-
newable energy such as solar photovoltaic (PV) has been growing rapidly due to 
feed-in tariff system introduced in 2012 in Japan, the ratio of the installed capac-
ity as well as the electricity generated of PV system in Japan to those in the world 
becomes lower. In other words, the growth of renewable energy in Japan is lower 
than world average. To promote the growth of renewable energy (in Japan), it is 
important to develop the low cost technology and to solve the problem that the 
output is unsteadiness due to their intermittent natures. 

Recently, the so-called building integrated PV systems (BIPV) have been at-
tracted attention from the world [2] [3]. Systems are integrating/installing solar 
panels on the roof and/or side walls of a building to meet the energy demand of 
the building. The studies on power generation characteristics or economy as-
sessment of BIPV considering the climate condition in Singapore [4], Malaysia 
[5] and Brazil [6] were reported. In addition, the environmental assessment by 
Life Cycle Assessment of BIPV was also reported [7] [8] [9]. The combined sys-
tem of BIPV and battery for solving the performance fluctuation of PV due to 
weather was evaluated from the view point of power generation performance 
and economy characteristics [10] [11]. It was reported that the conversion into 
H2 is superior to battery to store the large amount of renewable energy for a long 
time [12], and there were some reports investigating the combination of PV and 
electrolytic H2 [13] [14]. Although there were a few research investigating the 
combination of BIPV, electrolytic H2 and fuel cell power generation system [15] 
[16] [17], they mainly focused on the system control procedure such as the eval-
uation on dynamics characteristics of system output [15], the optimization of 
system output [16] and the evaluation of fussy control effectivity [17]. Therefore, 
there were few studies other than the authors’ group that investigate the power 
generation characteristics considering the size of the building and climate condi-
tions in the building locations to meet the electricity demand [18]. However, the 
previous study [18] investigated for only limited cities in one prefecture (in Ja-
pan), resulting that the more case studies are needed for clarifying the effective-
ness of the combination of BIPV, electrolytic H2 and fuel cell (FC) power gener-
ation system and for developing the universal system model. 

In this paper, a desk top case study has been performed to simulate a pro-
posed BIPV system with utilization of stored energy in the form of electrolytic 
H2 and the stored H2 is used to fuel FC to generate the power for a building 
when the power generated from the BIPV is insufficient for the building. The 
proposed integrated BIPV + FC system consists of the solar PV array, water 
electrolyzer and FC. The H2 is generated and stored with the surplus power of 
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the BIPV. The FC would therefore be able to buffer the intermittency (partly) 
between the building electricity demand (by the building) and the PV system. To 
investigate the impact of local climate condition on the performance of the pro-
posed integrated system, two cities in Aichi prefecture (Nagoya, Toyota), three 
cities in Gifu prefecture (Tajimi, Takayama, Ogaki) and two cities in Shizuoka 
prefecture (Hamamatsu, Shizuoka) in Tokai region, Japan have been selected to 
the locations for the desk-top case study. Their meteorological data are from the 
project “PV300” (period from August, 2013 to July, 2014) [19]. The BIPV power 
productions have been compared with the electricity demand data of households 
[20] and investigated for the optimum power supply in a way to overcome the 
intermittency of the electricity demand and PV system. The self-sufficiency rate 
of the proposed BIPV system to electricity demand has been estimated in the de-
sign study. In addition, the optimum number of households living in the build-
ing, i.e. the optimum size of the building, has been investigated. From the results 
of this study, the universal BIPV system model which can be applied for differ-
ent climate conditions is obtained. This can be contributed for promoting the 
growth of renewable energy. 

2. Design Study 
2.1. Estimation of Power Generation from the PV System 

The building model, used in the design study, is 10 m width, 40 m length and 40 
m height (=10 stories) [21] with 40 households [22]. According to the statistics 
data collected in Japan [22], the average floor space of dwelling of Japan is about 
100 m2 per a household. The height of one floor is assumed as 4 m. Assuming 
that four households stay per floor, the floor space is 400 m2. This study pro-
posed the building model utilizing the accelerated wind between buildings for a 
power generation by wind turbine and assessed the power generation perfor-
mance of wind turbine of 50 kW class whose height was 39 m [21]. Since this 
study considers the application of this building model for combining with PV 
system in the future, the building size of 10 m width, 40 m length and 40 m 
height is set at the initial condition. The BIPV system has considered on the 
roof/top of the building, i.e., with 400 m2 areas, and a FC using electrolytic H2 
produced when there is the surplus power from BIPV [23]. 

The power generated by PV system is calculated by using the following equa-
tion [24]: 

1PVE H K P= × ×                       (1) 

where EPV is hourly electric power of PV system (kW∙h), H is hourly amount of 
solar radiation (kW∙h/m2), K is power generation loss factor (−), P is system ca-
pacity of PV (kW), 1 is solar radiation under standard state (AM1.5, hourly solar 
radiation: 1 kW∙h/m2, module temperature: 25 degree Celsius) (kW/m2). The in-
stantaneous solar radiation data by 10 sec of the reference [19] are integrated as 
hourly data for calculating the hourly electric power of PV system. 

https://doi.org/10.4236/sgre.2018.94005


A. Nishimura et al. 
 

 

DOI: 10.4236/sgre.2018.94005 60 Smart Grid and Renewable Energy 
 

In this study, the high-performance PV P250α Plus produced by Panasonic 
has been considered. This module has conversion efficiency and maximum 
power rating per module is 19.5% and 250 W [25]. The size of PV module is 
1580 mm × 812 mm × 35 mm. P has been calculated by installing this PV mod-
ule on the roof of the building model, which is 75 kWp (=300 solar modules). To 
calculate K, the performance value of state-of-the-art commercial devise is used. 
K is calculated by using the following equation [24]: 

mp iK K K K= × ×                          (2) 

where Kp is power conversion efficiency of power conditioner (−), Km is correc-
tion factor decided by module temperature (−), Ki is power generation loss by 
interconnecting and dirty of module surface (−). In this study, Kp and Ki are set 
at 0.96 and 0.95, respectively. Kp is assumed by referring to the performance of 
commercial power conditioning device VBPC259B3 manufactured by Panasonic 
[26]. Km is calculated by the following equation [24]: 

( )
1

100
m s

m

T T C
K

−
= −                      (3) 

where Tm is PV module temperature (degree Celsius), Ts is temperature under 
standard test condition (= 25 degree Celsius) (degree Celsius), C is temperature 
correction factor which is 0.35 [27] (%/degree Celsius). The temperature cha-
racteristics of PV module which is adopted for this study is referred. Tm is calcu-
lated by using the following equation [24] [28]: 

0.8
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U

 
= + − 

+ 
              (4) 

where Ta is ambient air temperature (degree Celsius), Um is wind velocity over 
module of PV (m/s). In this equation, the convection heat transfer by wind 
around the PV module is considered. 

The meteorological data, such as solar radiation, the ambient air temperature, 
and wind velocity of the cities involved in the study have been taken from the 
data base of the project “PV300” for the period from August, 2013 to July, 2014 
[19]. Table 1 has listed a sample of PV300 data, which shows the data of air 
temperature and amount of horizontal solar radiation at 10 sec intervals on 1st 
August, 2013 for Nagoya in Japan. According to the previous study [24], the op-
timum tilt angle of solar panel installed on a roof/top of the building is 0 degree, 
resulting that the horizontal solar radiation has been used for calculating the 
power generated by the PV system in this study. 

2.2. Estimation of Power Generated by FC System Using H2  
Produced by Water Electolysis 

In this study, it has been assumed that the surplus power generated by the PV 
system over the electricity demand of households [20] living in the considered 
building, would be used for electrolytic H2 production (i.e. long term energy 
storage in the form of electrolytic H2). To optimize the size of BIPV system,  
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Table 1. Sample data of PV300 on 1st August, 2013 for Nagoya in Japan. 

Year Month Day Hour Min Sec 
Amount of 

horizontal solar 
radiation (kW/m2) 

Air 
temperature 

(degree Celsius) 

2013 8 1 10 0 0 0.2826 26.2 

2013 8 1 10 0 10 0.2828 26.2 

2013 8 1 10 0 20 0.2825 26.2 

2013 8 1 10 0 30 0.2826 26.3 

2013 8 1 10 0 40 0.2822 26.3 

2013 8 1 10 0 50 0.2808 26.3 

2013 8 1 10 1 0 0.2799 26.2 

2013 8 1 10 1 10 0.2777 26.2 

2013 8 1 10 1 20 0.2747 26.2 

2013 8 1 10 1 30 0.2721 26.2 

2013 8 1 10 1 40 0.2690 26.2 

2013 8 1 10 1 50 0.2663 26.2 

2013 8 1 10 2 0 0.2638 26.2 

2013 8 1 10 2 10 0.2617 26.2 

2013 8 1 10 2 20 0.2592 26.2 

2013 8 1 10 2 30 0.2580 26.2 

2013 8 1 10 2 40 0.2576 26.3 

2013 8 1 10 2 50 0.2575 26.3 

2013 8 1 10 3 0 0.2578 26.3 

 
number of households has been varied by 40, 20, 16 and 12 which correspond to 
10, 5, 4 and 3 stories of the building, respectively. In this study, the building 
which has 4 households per floor is assumed. Then, the multiple number of 4 is 
based for assessment. To keep a building structure, the lowest limit of stories is 
set at 3 which is the standard low height building, indicating 12 households. The 
Type-S electrolyzer manufactured by IHT [29] [30] whose H2 production rate, 
power consumption and electrolysis efficiency are 760 N∙m3/h, 4.45 kW∙h/N∙m3 
and 79.5%, have been used in this design study. The amount of electrolytic H2 
could be produced by the surplus power generated from the PV system is calcu-
lated by the following equation: 

2H s eV E P=                            (5) 

where VH2 is amount of electrolytic H2 produced (N∙m3), Es is surplus power 
generated by PV system (kW∙h), Pe is power consumption (kW∙h/N∙m3). In this 
study, it is assumed that the electrolyzer can be operated following the power 
generation characteristics of PV system every time and the produced H2 can be 
stored as well as used instantaneously [24]. 

It has been assumed that the H2 produced by the electolyzer would be used to 
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generate power through a polymer electrolyte fuel cell (PEFC) system [24]. H2 is 
converted into electricity by FC following the below equation: 

2 2 2H 1 2O H O f Qη+ = +                      (6) 

where ηf is power generation efficiency of latest PEFC stationary system based 
on lower heating value (= 0.39) [31], Q is lower heating value of H2 (=242) 
(kJ/mol). It is assumed that the energy loss for operating pump to preserve and 
provide gases is ignored [18]. Figure 1 illustrates the schematic drawing of the 
proposed integrated BIPV + FC system. 

In this study, a monthly self-sufficiency rate of the proposed combination 
system consisting of the PV and FC has been investigated for Nagoya (Latitude: 
35.10˚N, Longitude: 136.54˚E), Toyota (Latitude: 35.4˚N, Longitude: 137.9˚E), 
Tajimi (Latitude: 35.19˚N, Longitude: 137.7˚E), Takayama (Latitude: 36.8˚N, 
Longitude: 137.15˚E), Ogaki (Latitude: 35.21˚N, Longitude: 136.36˚E), Hama-
matsu (Latitude: 34.42˚N, Longitude: 137.43˚E) and Shizuoka (Latitude: 
34.54˚N, Longitude: 138.18˚E). They are the main cities in Tokai region located 
in the center of Japan. The self-sufficiency rate is defined as the power supplied 
(from the combined PV and FC system) to the electricity demand of the house-
holds living in the building. The hourly time change in the self-sufficiency rate 
in the day, when the daily mean amount of horizontal solar radiation per month 
has been obtained and estimated. 

3. Results and Discussion 
3.1. Power Supply Characteristics of the BIPV to the Building 

Electricity Demand in the Case of 40 Households 

This study has investigated the power production from the PV system using the 
meteorological data base of PV300 [19] including air temperature, solar intensity 
and wind speed at 10 sec intervals. Since the electricity demand of households 
[20] is available as hourly data, the power production from the PV system is  
 

 
Figure 1. Schematic drawing of the proposed integrated BIPV + FC system. 
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summarized as hourly data by integrating the instantaneous data available at 10 
sec intervals. 

As an example, Table 2 has listed the hourly power from PV system (installed 
in Nagoya for a year) which shows the seasonal characteristic of the PV system. 
From this table, it can be seen the hourly power of PV system increases from the 
morning up to the noon and decreases from the noon up to the evening as ex-
pected. In addition, it is obvious that the hourly power of PV system is higher in 
spring and summer, while it is lower in autumn and winter. The data shown in 
the Table 2 has been summed as the typical daily data for the location in the 
month which then is multiplied by the total days for each month as the monthly 
data. The monthly power production from the PV system is shown in Figure 2 
to investigate the seasonal and local characteristics. It has been observed that the 
monthly power of the PV system is higher in spring and summer, while it is 
lower in autumn and winter irrespective of the cities. According to the compar-
ison among seven cities, the monthly power of the PV system from November to 
January in Takayama is smaller than that in the other cities. In addition, the 
monthly power of the PV system for Hamamatsu is high through the year. The 
reasons will be discussed later. 

Table 3 has listed the hourly electricity demand of 40 households for a year. 
In this study, the variation of electricity demand profile for different cities is not 
considered like the previous study [18]. Namely, the same electricity demand 
profile has been used for all seven cities in this study. When considering the 
electricity demand profile of other number of households, the data in Table 3 
have been recalculated. It is found that the hourly electricity demand increases 
from the morning and keeps almost a constant value during a day. After that, the 
hourly electricity demand increases rapidly from the evening and keeps almost a 
 

 
Figure 2. Monthly power of PV system assumed to be installed in seven cities. 
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Table 2. Hourly power of PV system assumed to be installed in Nagoya for a year (Unit: 
kW∙h). 

Time 
(h) 

Aug, 
2013 

Sep, 
2013 

Oct, 
2013 

Nov, 
2013 

Dec, 
2013 

Jan, 
2014 

Feb, 
2014 

Mar, 
2014 

Apr, 
2014 

May, 
2014 

Jun, 
2014 

Jul, 
2014 

0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 

5 1 0 0 0 0 0 0 0 0 4 4 6 

6 13 4 3 1 0 0 0 2 7 17 14 13 

7 21 11 12 8 2 3 6 14 22 33 18 23 

8 32 26 25 20 13 14 16 30 35 38 24 38 

9 29 11 22 30 23 26 23 43 42 38 31 34 

10 41 31 22 37 21 35 36 53 46 45 22 41 

11 43 44 29 26 35 40 37 56 52 55 37 47 

12 55 49 29 26 29 23 37 53 57 52 30 60 

13 50 39 22 11 31 21 28 18 48 39 50 49 

14 35 42 20 21 13 27 31 14 34 46 38 22 

15 26 28 12 4 8 15 17 10 19 32 42 13 

16 16 15 7 2 1 3 8 8 7 24 27 6 

17 8 4 0 0 0 0 1 1 3 8 13 6 

18 1 0 0 0 0 0 0 0 0 1 3 2 

19 0 0 0 0 0 0 0 0 0 0 0 0 

20 0 0 0 0 0 0 0 0 0 0 0 0 

21 0 0 0 0 0 0 0 0 0 0 0 0 

22 0 0 0 0 0 0 0 0 0 0 0 0 

23 0 0 0 0 0 0 0 0 0 0 0 0 

Total 370 303 202 185 176 207 241 303 373 431 354 362 

 
constant value up to the midnight. In addition, it is obvious that the electricity 
demand is higher in summer and winter, especially at the night in summer. 
However, it is lower in spring and autumn. 

Figure 3 has shown the monthly self-sufficiency rate of the FC system in the 
40 house case. The self-sufficiency rate is calculated by dividing the power pro-
duced by the FC system by the electricity demand, which is not covered by the 
PV system. Here, the power produced by the FC system has been calculated by 
using the surplus power of PV system and the Equations (5) and (6). If the 
self-sufficiency rate of the FC system is over 100%, the proposed integrated sys-
tem can cover the electricity demand of households living in the building. In this  
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Table 3. Hourly electricity damand data of 40 households (Unit: kW∙h). 

Time 
(h) 

Aug, 
2013 

Sep, 
2013 

Oct, 
2013 

Nov, 
2013 

Dec, 
2013 

Jan, 
2014 

Feb, 
2014 

Mar, 
2014 

Apr, 
2014 

May, 
2014 

Jun, 
2014 

Jul, 
2014 

0 3 3 3 3 4 4 4 4 4 3 2 3 

1 3 3 3 3 3 4 4 4 4 3 2 3 

2 3 3 3 3 3 4 4 3 4 3 2 3 

3 3 3 3 3 3 4 4 3 4 3 2 3 

4 2 2 3 3 3 4 4 4 4 3 2 2 

5 2 2 2 2 3 4 4 4 2 2 2 2 

6 7 6 7 7 7 8 8 7 8 7 5 6 

7 9 8 8 8 10 13 12 11 9 8 7 8 

8 10 9 8 8 11 14 13 12 9 8 8 9 

9 9 8 8 8 10 13 12 11 9 8 7 8 

10 9 8 8 8 10 12 12 11 9 8 7 8 

11 9 8 8 8 10 12 12 11 9 8 7 8 

12 10 9 8 8 10 12 12 11 9 8 7 8 

13 11 10 8 8 10 12 12 11 9 8 8 9 

14 11 10 8 8 10 12 12 11 9 8 8 9 

15 10 9 8 8 10 12 12 11 9 8 7 9 

16 10 9 8 8 10 12 12 11 9 8 7 8 

17 10 9 8 8 14 17 16 15 9 8 7 8 

18 14 13 13 13 14 17 16 15 15 13 11 12 

19 25 23 19 19 16 19 18 17 22 19 19 22 

20 25 23 18 19 15 18 17 16 21 19 19 22 

21 24 22 16 17 14 17 16 15 19 17 18 21 

22 20 18 15 16 12 15 14 13 18 16 15 17 

23 17 15 15 15 9 11 11 10 17 15 12 14 

Total 257 232 208 214 220 272 259 240 237 211 192 221 

 
study, it has been assumed that the surplus power of PV system is used to elec-
trolyze water and the H2 produced is stored for fueling the FC to make up the 
shortage of power during the required time. 

According to Figure 3, the monthly power of the FC system is higher in 
spring and summer, while it is lower in autumn and winter irrespective of cities. 
It can be considered that the power generation characteristics of FC system fol-
lows the power generation profile of the PV system. In addition, it has been seen 
from Figure 3 that the monthly self-sufficiency rate of the FC system is below 
100% irrespective of the cities. Therefore, the proposed BIPV + FC system is not 
able to cover completely the electricity demand of 40 households living in the 
building. 
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Figure 3. Monthly self-sufficiency rate of the FC system assumed to be installed in seven 
cities(40 households’ case). 

3.2. Optimum Households’ Number for Proposed BIPV + FC  
System to Meet Electricity Demand Completely 

The households’ number is changed to investigate the proper households’ num-
ber for same installment area of solar array on the roof/top of building. Figures 
4-6 have shown the monthly self-sufficiency rate of FC system assumed to be in-
stalled in Nagoya, Toyota, Tajimi, Takayama, Ogaki, Hamamatsu and Shizuoka 
for 20, 16 and 12 households’ cases, where the stories of buildings are 5, 4 and 3, 
respectively. Figures 7-9 show the monthly mean temperature, mean wind ve-
locity and sunshine hours [32] whose date and time followed the data base of the 
project “PV300” [19], respectively. 

It can be seen from Figures 4-6, the self-sufficiency rate of FC system is high-
er with decreasing households’ number. This is because that the surplus power 
of PV system increases with decreasing households’ number, i.e., decreasing 
electricity demand. In addition, the self-sufficiency rate of FC system can be over 
100% in spring and summer while that is below in autumn and winter. This 
trend matches with the power generation characteristic of PV system. Though 
the electricity demand increases in summer, the power of PV system seems to be 
sufficient, resulting in the high self-sufficiency rate of FC system in summer. 
Comparing seven cities, the self-sufficiency rate of FC system from November to 
January in Takayama is lower than that in the other cities. Since Takayama has a 
lot of snow in winter which can be explained by short sunshine hours shown in 
Figure 9, resulting that the power generated from the PV system is smaller 
compared to the other cities. Though the monthly mean temperature in winter is 
lower in Takayama as shown in Figure 7, it is not effective to increase the power 
generation from the PV system. Therefore, the power generated from FC system 
decreases due to less H2 generated. The self-sufficiency rate of FC system in Ha-
mamatsu is high through the year, and it is over 100% even in winter for the 12 
households’ case. Hamamatsu has long sunshine hours through the year  
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Figure 4. Monthly self-sufficiency rate of the FC system assumed to be installed in seven 
cities(20 households’ case). 
 

 
Figure 5. Monthly self-sufficiency rate of the FC system assumed to be installed in seven 
cities (16 households’ case). 
 

 
Figure 6. Monthly self-sufficiency rate of the FC system assumed to be installed in seven 
cities (12 households’ case). 
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Figure 7. Monthly mean temperature in seven cities. 

 

 
Figure 8. Monthly mean wind velocity in seven cities. 
 

 
Figure 9. Monthly sunshine hours in seven cities. 
 
according to Figure 9. Furthermore, Hamamatsu has the highest monthly mean 
wind velocity through the year among seven cities. Strong wind prevents the 
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temperature of the PV modules installed from increasing, thus the power gener-
ated by the PV system increases, according to Equations (1), (2), (3) and (4). 

Figure 10 shows the annual self-sufficiency rate of FC system assumed to be 
installed in Nagoya, Toyota, Tajimi, Takayama, Ogaki, Hamamatsu and Shizuo-
ka for 40, 20, 16 and 12 households’ cases. Though the monthly self-sufficiency 
rate varies, the surplus H2 obtained in the month whose monthly self-sufficiency 
rate is over 100% can be stored and provided for the month whose monthly 
self-sufficiency rate is below 100%. Therefore, the annual self-sufficiency rate of 
FC system is a good indicator to determine the optimum households’ number 
which can cover the electricity demand through the year. 

According to Figure 10, the annual self-sufficiency rates of FC system for 16 
and 12 households’ cases are over 100% irrespective of considered cities. Since it 
is better to provide the power to many households, this study has decided that 16 
households’ (=4 stories) case is the optimum for the proposed BIPV + FC sys-
tem. In addition, it is observed that the self-sufficiency rate of FC system for 20 
households is over 100% in Hamamatsu. Therefore, Hamamatsu is the most ap-
propriate city for installing the proposed BIPV + FC system among the seven ci-
ties studied. 

The correlation between the households’ number and self-sufficiency rate of 
FC system per solar PV installation area for two cities in Aichi Prefecture, three 
cities in Gifu Prefecture and two cities in Shizuoka prefecture has been shown in 
Figures 11-13, respectively. In these figures, the regression formula of the ap-
proximate curves and R2 error are also shown. 

Formula show the correlation between the households’ number and 
self-sufficiency rate of FC system per solar PV installation area can be expressed 
in the form of y = axb well. It might be thought that the self-sufficiency rate of 
 

 
Figure 10. Annual self-sufficiency rate of FC system assumed to be installed in seven cities. 
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Figure 11. Relationship between the households’ number and self-sufficiency rate of FC 
system per solar PV installation area (Aichi prefecture).The correlation between the 
households’ number and self-sufficiency rate of FC system per solar PV installation area 
can be expressed in the form of y = axb well. R2 error is very small. 
 

 
Figure 12. Relationship between the households’ number and self-sufficiency rate of FC 
system per solar PV installation area (Gifu prefecture). The correlation between the 
households’ number and self-sufficiency rate of FC system per solar PV installation area 
can be expressed in the form of y = axb well. R2 error is very small. 
 
FC system per solar PV installation area will increase for the households’ num-
ber which is smaller than 12. However, this study assumed that the lowest limit of 
stories were set 3 which was the standard low height building. Therefore, this 
study hasn’t considered the case for households’ number which is smaller than 12. 

4. Conclusions 

This study has proposed an integrated BIPV + FC system for Japanese buildings.  
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Figure 13. Relationship between the households’ number and self-sufficiency rate of FC 
system per solar PV installation area (Shizuoka prefecture). The correlation between the 
households’ number and self-sufficiency rate of FC system per solar PV installation area 
can be expressed in the form of y = axb well. R2 error is very small. 
 
The FC is fueled by H2 which is generated from the surplus power generated 
from BIPV through electrolytic process. The self-sufficiency rates of the FC have 
been investigated using meteorological data of two cities in Aichi prefecture 
(Nagoya, Toyota), three cities in Gifu prefecture (Tajimi, Takayama, Ogaki) and 
two cities in Shizuoka prefecture (Hamamatsu, Shizuoka) of Japan to understand 
the impact of local climate condition on the performance of the proposed system 
as well as to find out a universal system model. As a result, the following conclu-
sions have been drawn from the study: 

1) The annual self-sufficiency rates of FC system for 16 and 12 households’ 
cases are over 100% in all cities studied. Therefore, 16 households (= 4 stories) 
are thought to be the optimum households’ number for the proposed BIPV + FC 
system. 

2) Hamamatsu is the most appropriate city for installing the proposed BIPV + 
FC system among the seven cities studied. 

3) The correlation between the households’ number (x) and self-sufficiency 
rate of FC system per solar PV installation area (y) can be expressed in the form 
of y = axb well, where a and b depend on the locations/cities. 
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