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1.  

1.1.  

 ≢│ ─ ╩₈ ⅜ ─ ₉⁸₈ ─ꜝ▬ⱨ☻♥₉⁸☺כ

₈ FCCGS ─ ─ ≤ ─ ₉─ 3 ⌐ ⇔≡ ∆⁹ 
⁸ ╩ ∆⁹ 

 
1.1.1.  

─ ─└∫ ⅛╠⁸ ─ ה ⅜ ╘╠╣≡

™╢⁹ ⌐ ⌐ ↕╣∏⁸ ─♃▬Ⱶfi◓≢ ╩ ≢⅝╢ כ◖

☺▼Ⱡ꜠כ◦ꜛfi◦☻♥ⱶ FCCGS │ ⅜ ⌐ ╦╣⁸ ●☻⅛╠ ⁸ ┼

─◄Ⱡꜟ◑כ ⌐ ∆╢⸗♦ꜟ─ ⁸◦Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ ⁸ ⌐

╟╢ ─ ⁸ ⁸ ─◄Ⱡꜟ◑כ ─ ⅜ ↕╣⁸

─ ⅜ ╘╠╣≡™╢⁹ 
 FCCGS│ ╙ ⌐ ⁸ ⁸ ─ ⅜ ╘╠╣≡™╢⅜⁸ ⌐

⅜ ∆╢ ⌐⅔↑╢ ⱨ▫כꜟ♪ │ 2009 ─ NEF⌐╟╢
1) ⅜ ⌂ↄ⁸ ─ ≢⁸ ─ ─ ⁸ ─ ⅜≥─

╟℮⌐ FCCGS ─ ⁸ ⁸ ⁸ ⌂≥ ⌐ ╩ ⅎ≡

™╢⅛│ ╠⅛≢⌂™⁹ 
╕√⁸ ⅜ ─ ─ 6 ╩ ⁸ ⅜ ╘⁸ ⅜ ⌂™

⅜ ─ ╩ ╘╢⁹╕√⁸ ≡ ⌐ ∆╢≤⁸ │ ₁ ⅜ ╘╢

⅜ ⇔≡™╢⁹ ╙↓─ │ ∆╢╙─≤ ⅎ╠╣╢⁹↓─╟℮⌐

─ ↕™ ⅜ ⅜ ─ ─◄Ⱡꜟ◑כ ─ ≤⌂╢╙─

≤ ⅎ╠╣╢⅜⁸ ⌐ FCCGS│ 3 5 ─ ≡ ⌐ ∆╢ ⁸

─ ╙ ─ ╕╢♃▬Ⱶfi◓⁸╩ ⇔≡─ ⅜ ↄ⁸∕╣ ─ ┼─

⌐≈™≡│ ⌂ ⅜⌂↕╣≡™╢≤│ ™ ™⁹ 
⁸╕√│ ─ │ 40 ⌐ ∆╢⁹40 │

─ ╘╢ ⅜ ⅝ↄ⁸ │ ⌐ ™⁹⇔⅛⇔ │ ╙ ™⅜⁸

≢ 10 │ ─╖ ⅜ ⌐⌂╢ ⅜ 20ⱳ▬fi♩
∆╢⌂≥⁸ ⅜ ⅝ↄ ∆╢√╘⁸ ╩ ⇔≡ ╩ ⇔√ ⁸

─Ᵽꜝfi☻⅛╠ ⅎ≡ ─ ⅜ ⁸ ─ꜝ▬ⱨ☻♥כ☺─ ╩ ╘╢⁹

─ ⁸ ⅜ ╙ ╕╢ ⌐ ≢⅝╢╟℮ ─ ⁸ ╩ ∆

╢↓≤│ ⌂↓≤≤™ⅎ╢⅜⁸∕─ ╩ ╘╢ ─ ╛⁸

⅜ ╕╣╢ ─ ⌂ ⅜ ╘╢ ┼─ ╩ ∆╢ ⌐│⁸

⌂ ┼─ ─ ⅜ ≤ ⅎ╠╣╢⁹ 
FCCGS │ 2009 ─ PEFC ─ ⅛╠ ┼─ ⅜

╕╡⁸ │ SOFC ─ ╙ ↕╣≡™╢⁹FCCGS│ ●
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☻⅛╠ ⇔≡ √ ●☻╩ ™√ ◦☻♥ⱶ╩ ≤⇔≡⅔╡⁸ ─

⌐ ∆╢▬fiⱣ⁸כ♃כ ╩ ∆╢ ♃fi◒⁸ ∆╢ ⌐

⇔ ꜚ♬♇♩⁸ ♃fi◒⅛╠─ ⅜ ╡⌂™ ⌐ ∆╢ Ⱳ▬ꜝכ⌂≥─

⅛╠ ↕╣╢⁹ │ ≡ ╩ ⌐ ⅜∫≡™╢⅜⁸ ⌐≈™≡│╕

∞ ⌐ ↄ ⇔≡™╢≤│ ™ ™⁹╕√⁸ ─ ≤⇔≡│⁸⅛≈≡│ ─

╩ ⇔⁸ ─ ⅛≈ ⅝⌂ ≤ ∆╢ ⅜ ╠╣√⅜⁸

─ⱷכ◌כ╩ ⅝ ─╖⌐ ∆╢ ≤⌂╢⌂≥⁸ ⌐ ⅝⌂ ╩

ⅎ╢ ─ ⅜⌂↕╣≡™╢⁹ 
 

1.1.2.  

ₒ ─Ⱳꜞꜙכⱶ♂כfiₓ 
 1.1│ ╟╡ ⇔√ ─ ≢№╢⁹ ≢⁸ ─ 6
╩ ⁸ ⅜ ╘╢⁹ ─ │ ╙ ∆╢╙─≤ ⅎ╠╣╢⁹ 
─ ⌐ ∆╢ ╩ ℮ ⁸ ⁸2 ─ ╩ ≤⇔√ │ ⌂™⁹

↓╣│ JIS⌂≥≢ ™╠╣╢ ─♃כ♦ ⅜⁸ ─ꜝ▬ⱨ☻♥כ☺≢ ╙

⅜ ⁸☺כ♥☻╢╕ ≤ ⌐╟╢ ⁸╩ ≤⇔≡™╢↓≤⅜ ≤ ⅎ╠╣╢⁹ 
 

 
 1.1 2015 ,  

27 2) 
http://www.e-stat.go.jp/SG1/estat/GL08020103.do?_toGL08020103_&tclassID=00000107

7438&cycleCode=0&requestSender=estat 29 1 1  
  

35%
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12%
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5%

0% 20% 40% 60% 80% 100%
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220

76
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ₒ ≡ ─ ₓ 
 ≡ ─ ─ ╩  1.2⌐ ∆⁹ ⌂ ≢│ ≡ ─ ⅜

ה ≡╟╡ ™⅜⁸ ₁ ─ ╘╢ ⅜ ⇔≡™╢⁹

⌂≥⁸ ⌂ ▬fiⱨꜝ ─ ⌐⁸ │ ┼─ ─ ⅜ ↕╣╢

↓≤⅜ ↕╣⁸ ─ ╘╢ │ ╙ ∆╢╙─≤ ⅎ╠╣╢⁹ 
 

 
 1.2 ,  

25 3) 
http://www.e-stat.go.jp/SG1/estat/List.do?bid=000001068458 29 1 1  
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1.1.3.  

 ≤ ∆╢ ─ ─ ─ ╩  1.3⁸  1.4⌐⁸ ─

─ ╩  1.5⌐ ∆⁹ ─ ─ ™⅜№╡⁸ ⅜ 30 40 ⌐⅛↑≡

─ ╘╢ ⅜ ⇔⁸∕─ │ ⁸ ⅜ ╘╢ ⅜ ⅎ╢ ╣≢№╢⁹

∫≡ ⅜ 30 ⅛╠ 40 ⌐⅛↑≡│ ⅜ 3 4 ≤⌂╢ ⅜ ™⅜⁸∕─

│ ⅜ ∆╢⁹ ─ │ 40 ⅜ ╙ ↄ⁸ │ ⅜

™⅜⁸∕─ ╩ ╢↔≤⌐ ⅜ ∫≡⅔╡⁸ ─ ╩ 30 ≤∆

╢≤⁸ ─ ≢│ ⁸ ≤⌂╢↓≤⅜ ⅛╢⁹ ≡ ⌐⅔™≡

─ ≤≤╙⌐ ⅝ ⅜ ∆╢╟℮⌐⁸ │ ╙ ↄ⁸ ⁸

≤╙ ⅝™⅜⁸∕─ ─ ⌐╟╡⁸ │∕─ ⁸ ─ ╩ ™

─ ≢ ↔∆↓≤⌐⌂╢╙─≤ ≢⅝╢⁹ 
 

 

 1.3 , 27  
2015 4) 

http://www.stat.go.jp/data/kokusei/2015/pdf/life_revised.pdf 
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 1.4 , 27  

2015 4) 
http://www.stat.go.jp/data/kokusei/2015/pdf/life_revised.pdf 

40

 

 
 1.5 29 3 ,  

5) 

http://www.mlit.go.jp/common/001178016.pdf  

http://www.stat.go.jp/data/kokusei/2015/pdf/life_revised.pdf
http://www.mlit.go.jp/common/001178016.pdf
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1.1.4.  

 ─ ⁸ ─ ╩ ⌐ ∆⁹ ⌐╖╢≤⁸

30 ─ ⌐ ⌐ ⇔≡™╢⅜⁸30 ⁸40 ≢─ ≢│ 4 ─

⅜ ╙ ↄ⁸60 ⁸70 ≢│ 2 ─ ⅜ ╘╢ ⅜ ⅝™⁹ ─

│ 3 ⁸4 ─ ╘╢ ⅜ ⅝™⁹ ≢ ⅎ╢≤⁸ ⅜ ⅝ↄ⁸

⁸ ⌐ ∆╢ ⅜ ⅝™ ≤⁸ ⅜ ↄ⁸ Ɽ♃כfi

⅜ ↕╣≡™╢ ⌐ ↕╣╢ ≤⌂∫≡⅔╡⁸ ─ ╩ ∆╢ ≢ ╕⇔

™ ⅜⌂↕╣≡™╢≤™ⅎ╢⁹⌂⅔⁸ ≡ ─ ≢│ ≡ ⅜ ─ 97%
╩ ╘╢ ⁸ ┼─ │ ╪≢™⌂™⁹ 

 
 1.6  

2009 4 2013 12  
 

 1.1  1.6  

 
 

 
 1.7  

2009 4 2013 12  
  

n
1894 9 344 684 560 174 123
1517 28 173 351 631 253 81
1624 29 298 435 479 254 129
1985 50 704 600 344 133 154
1389 76 665 353 148 77 70

16 1 8 4 2 1 1
8425 194 2,192 2,426 2,164 891 558
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1.2.  

1.2.1.  

  

╩ ≤⇔√ ⌐ fi◦☻♥ⱶ│⁸2003ꜛ◦כ꜠Ⱡ▼☺כ◖╢╣↕ ─●

☻◄fi☺fi◖כ☺▼Ⱡ꜠כ◦ꜛfi◦☻♥ⱶ ◄◖►▫ꜟ ─ ⅛╠ ╕╢⁹

─ │⁸ 1.0kW⁸ ─ │ HHV≢ 20 ⁸

│ 45%≢№∫√⁹ │ ─ ⌐ ⁸ ™ ⅝⌂≥╙ ╕╣≡™√

√╘⁸ ≤─ ⌐│ ─ ≤─ ⅜ ≢№╡⁸ ╙ 200 ꜞ♇♩
ꜟ≤ ⅝™╙──⁸ ⌂ ─ ⁸ ꜚ♬♇♩─ │⁸ ─ PEFC/SOFC
≤ ≢№╢⁹ ─╟℮⌂ ┼─ │ ≢⌂ↄ⁸

─ ⁸╕√│ ─ ╡ ⌂ ╩ ↕∏⁸ꜚ♬♇♩◖☻♩⅜

50 ≤ ⌂↓≤╛⁸ ─ ─╟℮⌂ ─☿♇♩▪♇ⱪ⁸☻♃fiⱣ▬

╩ ≤∑∏⁸ ⌐ ∂≡ ≢⅝╢ ⁸ ─ⱷꜞ♇♩⅜№∫√⅜⁸ ⌐

╟╢ ─ ⁸ ─ ⌐│ ⅜№╡⁸2017 ⌐ ╡⁸ ⌂ⱷכ◌כ≢№╢

⅛╠ ⅜▪♫►fi☻↕╣╢⌂≥⁸ ≢│ ─ │ ≥ ╦╣

≡™⌂™⁹ 
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 PEFC  

2009 ⅛╠│ PEFC ─ ⅜ ↕╣√⁹PEFC │◄◖►▫
ꜟ⌐ ═⁸ ⁸ ⌐ 20 30 ─ ⅜ ∆╢⅜⁸ │ ─

20%⅛╠ 36%≤ ⌐ ⇔⁸ ⌐ 40%╕≢ ≤ ─

╩ ≢⅝╢⌂≥⁸ ╣√ ╩ ⇔≡™╢⁹√∞⇔ ꜚ♬♇♩─ ─

⅛╠⁸ ─ │ 2 ⌐ ↕╣≡™╢⁹╕√⁸PEFC │ ⌐╟╡

─◄Ⱡꜟ◑כ ⌐ ≠™≡ ⁸ ╩ ∆╢ ≢№╢⁹ 
 

 
 1.8 PEFC  

  

40ϴ

125
200L

60ϴ750W

HHV
35%

HHV
45%

HHV
90%20 40ϴ

β

HEX
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 (SOFC) 

2013 ⅛╠│ SOFC ─ ⅜ ↕╣√⁹ ◦☻♥ⱶ│ PEFC ╟╡ ⌐ ∆╢

⅜ ⌐ ⇔≡⅔╡⁸ ─ ⅜ PEFC HHV36%⅛╠ SOFC HHV45%⁹
⅜ PEFC─ 20 ⅛╠ SOFC─ 28 ⁸ ─

┼─ ⅜ PEFC─ 2W/ ⅛╠SOFC─ 15W/ ≤⁸ ─ ⌂ ⅜ ╠╣╢⁹

≢⁸ ♃fi◒ │ ⸗♦ꜟ≢│ 80 ꜞ♇♩ꜟ⁸ ⸗♦ꜟ≢│ 28 ꜞ♇♩ꜟ≤
⇔≡⅔╡⁸⸗ⱡ☺▼Ⱡ⌐ ™ ≤⌂∫≡™╢⁹ 
╕√⁸ ┼─ ⌐⅔™≡╙ ≢⅝╢╟℮⁸ ─●☻Ⱳ▬ꜝכ╩ ≤

∑∏⁸ ─●☻Ⱳ▬ꜝכ╩ Ⱳ▬ꜝכ≤⇔≡ ∆╢↓≤⅜ ≢№╢⁹ ≢⁸●

☻Ⱳ▬ꜝכ ─ ⅛╠⁸ ♃fi◒ ⅜ 40ϴ ≢№∫≡╙⁸ Ⱳ▬ꜝ

כ ─ ⌐╟∫≡ 33ϴ⌐ ↕╣╢ ≤⌂∫≡™╢⁹ ∫≡ ♃fi◒⅛╠

↕╣√ ╩ ≢⅝⁸ ◄Ⱡꜟ◑כ│ ↕╣╢╙──⁸♃fi◒⌐ ⌂ ⅜№

╢ ≢╙ Ⱳ▬ꜝכ─ ⁸ ⅜ ∆╢⁹ 
 

 

 1.9 SOFC  

 

1.2.2.  

─ SOFC⌐│ IoT Internet of things ─ ⅜ ↕╣⁸Ethernet ⅜

↕╣≡⅔╡⁸ ─ ⌐ ∂≡ ╩◖fi♩꜡כꜟ∆╢ VPP
Virtual Power Plant ⌂≥─ ⅜ ↕╣╢ ⁸ ⌐ ∆╢ ₁⌂ ⅜ ╘╠

╣≡™╢⁹ 
  

33ϴ

28L

65ϴ700W

HHV
47%

HHV
31%

HHV
90%

34ϴ

26 40ϴ
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1.3. FCCGS  

1.3.1.  

 ≢│ ─ FCCGS─ ╩⁸₈ᵑ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ₉⁸₈ᵒ

≢─ ╩ ™√ ₉⁸₈ᵓ ╩ ≤⇔√ ₉⁸₈ᵔ ─

₉─ 4 ⌐ ⇔≡ ∆╢⁹ 
 
1.3.2.  

  

 ⌐⅔↑╢ FCCGS◦Ⱶꜙ꜠כ◦ꜛfi⌐│⁸ 7)⁸ 8)⁸ 9)╠─ ⅜№╢⁹™

∏╣╙ ─ ⌐ ≠⅝⁸ ╩♃כ♦ ⌐ ⁸ ⁸ ⁸╕√

│ ─◄Ⱡꜟ◑כ ╩ ∆╢╙─≢№╢⁹ ⌐│ ♃fi◒╩ ≤⇔√

┘ ─ ╩ ⇔√╙─≢№╡⁸FCCGS◦☻♥ⱶ─◦☻♥ⱶה◦Ⱶꜙ꜠
─fiꜛ◦כ ⌂ ⌐ ∆╢ ⌐≈™≡ⱨ꜡כꜗ♅כ♩⅜ ↕╣≡™╢⁹ 
 ≢ │ⱷ⁸כ◌כ⸗♦ꜟ↔≤─ ⅜ ⅝™↓≤⅛╠⸗♦ꜟ ↔≤─

⅜ ⅝™⁹ ⌐ PEFC ─ ╛⁸SOFC─ꜝ☺◄כ♃כ ⌐ ∆╢ ⁸

Ⱳ▬ꜝכ ─ ─ ⌐ ∆╢ │ ⌐ ⅝⌂ ╩ ⅎ╢ ≢⁸

⌂ │ ≥ ↕╣≡™⌂™⁹ 
 
  

 FCCGS ─ ⌐≈™≡│⁸ ╠ 10)⁸ ╠ 11)⌐╟╢ ─ ⅜№╢⁹↓

╣╠─ │™∏╣╙ 4 ─ ≢№╡⁸ ≤ ⌐

∆╢ │⌂ↄ ─ ╩ ⇔√╙─≤™ⅎ╢⁹╕√⁸2009 ─ NEF
21  22 3 ⅜ ╙

ↄ⁸ ⌐ ∆╢ ≢│ ↄ ↕╣≡™╢⁹2007 ⅛╠ 2010 ⌐⅛↑≡⁸

≢ ─ ─ ⌐ ↕╣√ ─ ╩ ™⁸ ה ≤ ⁸

◄Ⱡꜟ◑כ ─ ╩ ⇔√╙─≢№╢⁹ │ 2 ⅛╠ 5
≤ ™ ⅛╠ ↕╣≡™╢⁹√∞⇔⁸PEFC ─ ─ ⌐ ↕╣√

≢№╢√╘⁸ ≤ ⅜ ⌂╢╙─⅜ ™⁹ ⌐ ♃fi◒⅜ ⅝ↄ⁸

⌐ ⁸ ™ ⅝ ⅜ ╕╣≡™╢ ⅜ ╩ ╘╢⌂≥⁸PEFC ─
ꜚ♬♇♩ ⌐≤∫≡ ╟╡ ⌂ ─ ≤™ⅎ╢⁹╕√⁸ │ ≡

≡ ≢№╡⁸ ─ ─ ⌂ ≤ ∆╢≤⁸ ─ ╘╢ ⅜

⅝™⁹ 
 
  

 ─ ─ ⌐ ™⁸╟╡ ─ ╩ ╘╢√╘⁸ ₁⌂ ⅜ ↕╣≡

⅝√⁹ ⌐ ∆╢≤ ─ 3≈⌐ ≢⅝╢⁹ 
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ₒFCCGS ─ ─ ╩ ╢╙─ₓ 
 FCCGS─ ⁸ ♃fi◒ ⁸ ─ ⌐╟╡⁸ ─ ─

╩ ∫√╙─≢№╢⁹ 8)╠─ ⅜ ∆╢⁹SOFC⌐≈™≡⁸ ♃fi◒ ╩

⇔≈≈⁸ ╩ ─Ᵽ♇ⱨ□≤⇔≡ ™╢ ⅜ ╦╣≡⅔╡⁸ ─

╟╡ ⅝⌂ ♃fi◒⁸ ┘⌐ ⌐ ╩ ∆╢↓≤≢⁸ ╩ ╘⁸

◄Ⱡꜟ◑כ ╩ ╘╢↓≤⅜ ≢№╢↓≤⅜ ↕╣≡™╢⁹ 
   
ₒ ╩ ╢╙─ₓ 
 FCCGS│ ⁸ ╙ ╙ ─ ⌐ ↕╣∏⁸ ™ ⌐

⌐ ⇔≡™╢ ⅜ ≢№╢⁹∕─√╘ ⌐ ∆╢ ─♃▬ⱴכ ╛⁸ ─

™ ⌐≈™≡ ⌐ ╩ ⇔⁸ ⌂ ≢ ╩ ⇔≡ ╩ ∆╢↓

≤≢ ◄Ⱡꜟ◑כ ╩ ≢⅝╢⁹↓─╟℮⌂ ⌐ ∆╢ ≤⇔≡⁸ ╠ 12)

─ ⅜ →╠╣╢⁹↓─ ≢⁸ ─ ╩ ∆╢↓≤≢⁸≥─

⌐╟╢ ◄Ⱡꜟ◑כ ╩ ⇔℮╢⅛╩ ⇔√╙─≢№╢⁹√∞⇔⁸↓╣

╠─ │ Ɽ♃כfi─ ─╖ ∫√╙─≢№╡⁸ ⌐ ∆╢ ⌂

ⅎ┌◄▪◖fi╩ ℮─╩╛╘√ ╦╡⌐ ─ ⅜ ⅎ╢⁸ ⌐≈™≡│ ↕╣≡

⅔╠∏⁸ ─ ┼─ │ ↕╣≡™⌂™⁹ 
⌂≥⁸ ◄Ⱡꜟ◑כ ⁸ ─ ≤⇔≡─ Behavior Change

⅜ ↕╣≡⅔╡⁸ ⅜ ⌐⅔™≡╙ BECC JAPAN⌂≥─ ⅜ ∆╢⁹ 
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ₒ ⌐╟╢ ─◒כⱠ♇♩꞉ꜟ◌כ꜡─ ₓ 
 ─ ╩ ⇔⁸FCCGS⌐ ↕╣╢ ╩ ∆╢↓≤≢⁸ ─

⌐╟╢ ─ ⁸ ┘⌐ ⌐ ℮ ─ ╩ ∫√╙

─≢№╢⁹ ⌂ │ ⌂™⅜⁸●☻ ─ ⌐⅔↑╢ ⅜№╢⁹

↓─ │ ─ ≢─ ╩ ∆╢╙─≢№╡⁸ ─ ┼─ ⌂

╩ ∆╢╙─≢№╢⅜⁸ ⌐ ⅜ ⅝™ ╩ ≤∆╢≤≤╙⌐⁸

⌐ ◦☻♥ⱶ⁸╕√│ⱴ▬◒꜡●☻◖כ☺▼Ⱡ꜠כ◦ꜛfi⅜ ↕╣≡

™╢⌂≥ ⌐ꜞ♇♅⌂ ≢№╡⁸◦☻♥ⱶ≤⇔≡─ ⌐ ╩ ™√

≤™ⅎ╢⁹ 
 

─ ╡⁸ ⌐╟╡ ─ ⅜ ╠╣≡⅔╡⁸FCCGS─ ─ ⁸⸗

♦ꜟ ⁸ ⌐ ≠ↄ ─ ⁸ ─ ⌂≥⅜ ╦╣≡™╢⅜⁸

─ ⌐≈™≡│ ─ ⅜ ⇔≡™╢ ≢№╢⁹╕√⁸ ─ ⌐

≈™≡╙ ⅝™ ╩ ≤⇔≡⅔╡⁸ ⅜ ⅛╠ ↑ ∟≡™╢

╛⁸☻ⱴכ♩◓ꜞ♇♪╩ ⇔√ ─ ⌐╟╢ │ ₁⌂ VPP
╩ ╘≡ ↕╣≡™╢⅜⁸○fi◘▬♩─ ─ ⌐≈™≡│ ⅜╒≤╪≥ ╦

╣≡™⌂™⁹ 
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1.4.  

≢ ═√╟℮⌐⁸FCCGS ─ ⁸⅔╟┘ ─ ⌐│⁸™ↄ≈⅛─ ⅜

№╢⁹ ≢╙⁸ ⌐⅔↑╢ FCCGS ─ ─ ≤⁸ ⌐ ≠ↄ◦Ⱶꜙ꜠

─ꜟ♦⸗fiꜛ◦כ │↓╣╠─ ⁸⅔╟┘ ─ ⌐ ≢№╢⁹╕√⁸↓╣╕

≢─ ╛ ⌂ ⌐⅔™≡ ⅜⌂↕╣≡⅝√ ╙⁸ ⅜ ─

─ ╩ ╘╢ ┼─ ⌐≈™≡│ ≥ ↕╣≡⅔╠∏⁸ ⌂

⌐ ≠™≡₈≥─╟℮⌂ ⌐≥─╟℮⌂ ╩∆╢═⅝⅛₉⌐≈™≡│ ⌂ ⅜

╠╣≡™╢≤│ ™ ™⁹ 
─ │⁸ ─ ⌐⅔™≡ ⌐ ↕╣≡↓⌂⅛∫√⁸ ⁸

⌂≥⁸ ⌂ꜝ▬ⱨ☻♃▬ꜟ⌐⅔↑╢ FCCGS ─ ╩ ╠⅛⌐∆╢↓≤≢№╢⁹

╕√⁸ ⌐╟╢ ◄Ⱡꜟ◑כ ╩╟╡ ╘╢ ≤⇔≡⁸ ⌐╟╢ FCCGS ─
╩ ⇔⁸∕─ ╩◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ╠⅛⌐∆╢⁹ 

≢│⁸╕∏ ─▪▬ꜝfi♪◦♥▫ ─☻ⱴכ♩♃►fi╩ ⌐⁸HEMS♦
┘╟⅔⁸♃כ ⌐ ≠⅝ FCCGS ─ ╩ ⇔⁸◦Ⱶꜙ꜠כ◦ꜛfi⸗♦

ꜟ ⌐ ─ ♃כ♦ ⁸ ◄Ⱡꜟ◑כ ⁸ ─ ╩

℮≤≤╙⌐⁸ ⌐⅔↑╢ FCCGS─ ╩ ╠⅛⌐∆╢⁹ 
™≡ ─ ─ ╩ ⌐⁸ ≤ ה ⌐

∆╢▪fi◔כ♩ ╩ ™⁸ ─◄Ⱡꜟ◑כ ⌐ ∆╢ ⁸ ⌐

⁸ ™⁸◦ꜗ꞉הכ ─ ⌐ ∆╢ ≤ ╩ ╠⅛⌐⇔≡⁸

FCCGS◦☻♥ⱶה◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⌂ ─ ╩ ╕ⅎ√ כ♦

♃╩ ∆╢⁹ 
⌐∕╣╕≢─ ╩ ╕ⅎ⁸FCCGS ┘ ∆╢ ≤ FC ─

╩ ╡ ≈ ⁸ ⌂≥ ─◦Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ─ ╩ ™⁸

─ ╩ ╠⅛⌐⇔√℮ⅎ≢⁸ ─ ◄Ⱡꜟ◑כ ⌐ ↑√ ╡ ה╖

─ ╩ ℮⁹ 
 

1.5.  

│ FCCGS ⸗♦ꜟ ⌐ ∆╢ ≤⁸◦Ⱶꜙ꜠כ◦ꜛfi⌐ ≠ↄ

─ ≤ ─ ⌐ ∆╢ ⁸⅔╟┘ ╩ ∆╢ ⌐

╟∫≡ ↕╣╢⁹ 
≢│ FCCGS ⌐ ∆╢ ⁸ ⌐≈™≡ ═⁸ ⌐ ↕╣╢

⁸ ה ─ ╩ ℮⁹ 
≢│ ─☻ⱴכ♩♃►fi ─HEMS♦⁸♃כ⅔╟┘ ─ ╩

ה ⇔⁸◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ ⌐ ⌂ ╩♃כ♦ ╢⁹ 
≢│ ─ ╩ ⌐▪fi◔כ♩ ╩ ™⁸◦Ⱶꜙ꜠כ◦ꜛfi

⌐ ™╢ ─ ⁸ ╩♃כ♦ ∆╢⁹ 
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≢│ VisualBasic⌐╟╢◦☻♥ⱶה◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ™⁸ ┘

⌐♃כ♦ ≠ↄ ─ ╩ ℮⁹ 
≢│ ≢ ⇔√ ⌐♃כ♦ ≠⅝ ─ PEFC⁸SOFC ─ ─

╩ ™⁸ ─ ⌐ ≠ↄ ─ FCCGS ╩ ╠⅛⌐∆╢⁹ 
≢│ ⌐⅔↑╢ ─ ⁸⅔╟┘ FCCGS ⌐ ∆╢

╩ ℮⁹PEFC ⌐╟╢ ⌐≈™≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸ ⌐╟╢

⌐╟╢ ⅜ FCCGS ─ ⌐≥─╟℮⌂ ╩ ⅎ╢⅛⁸◦Ⱶꜙ꜠כ◦ꜛfi

⌐╟∫≡ ∆╢≤≤╙⌐⁸ ⌐╟╢ FCCGS ─ ⌐ ∆╢ ╩ ™⁸ ⌐

╟╢ ─ FC ⌐╟╢ ◄Ⱡꜟ◑כ ≤ Ɑ▪─ ╡ ⅜ ◄Ⱡꜟ◑כ ⌐

ⅎ╢ ╩ ∆╢⁹ 
≢│ ≢ ⇔√ ≤ ╛ ─◦☻♥ⱶ ≤─ ╩ ⇔≡⁸

─ ⁸ ⌐≈™≡ ⇔√℮ⅎ≢⁸ ─ ╩ ∆⁹ 
 

 
 1.10   

HEMS

FCCGS

FCCGS

61

18 ×18
153

VB.NET FCCGS

-1
SOFC

61 ×61
1830

-2
SOFC

28L 80L

-3
SOFC

61

M1

SCHEDULE
VER2 NHK

THERB,
HASP

-4
HEMS

PV, SB
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1.6.  

1.6.1.  

  

ⱪ꜡◓ꜝⱶ ─ ⁸ ┘ ─ ╩◘fi◐כ♄▬▪◓ꜝⱶ ⌐ ∆╢⁹

≢│⁸ Hwdemand ≤ Eldemand ╩ Ⱳ▬ꜝ⁸כFCCGS⁸
⅛╠─ ⌐╟╡ ℮◄Ⱡꜟ◑כ─ ╣╩◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ∆╢⁹ ─

≢│↓╣ ⌐⁸ ™ ⅝ ⁸ ⁸ ⁸ⱤⱠꜟ ─

⁸ ⅜ ∆╢ ⅜№╢⅜⁸ ─⸗♦ꜟ≢│ ⁸ ⌐

FCCGS─ ╩ ∆╢ ⅜○Ⱶ♇♩↕╣╢ ⅜ ™√╘⁸ ≢│ ⌐ ╘⌂

™ ≤⇔≡™╢⁹ ≤ │ ⌐Ᵽꜝfi☻∆╢╙─≤⇔⁸ ⌐╟╢

─ │ ⇔⌂™⁹ 

 
 1.11  

FCCGSFCCGS

FCCGS

, 

FCCGS

FCCGS
FCCGS

[kWh]

FCCGS [kWh]

FCCGS [kWh]

[kWh]

+

+

+

[kWh] [kWh] / 0.92

[kWh] [kWh] × 9.6 / 3.6
+
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╔╟►░ = (╔ + ╔ + ╔ ) × . + (╖ + ╖ ) × .    
 
EPri : ◄Ⱡꜟ◑כ [MJ] 
E1 : [kWh] 
E2 : [kWh] 
E3 : [kWh] 
G1 : ●☻ [kWh] 
G2 : ●☻ [kWh] 
 
  

Ὑ = 1 Ὁ , ÷ Ὁ  
Ὠ𝑑𝑑 = Ὁ Ὁ ,  

Ὁ = Ὁ × 9.8 + Ὕύ Ὕύ × ὠ𝑉𝑉 × ὅὴὡ ÷ 0.92  

Rsave  : ◄Ⱡꜟ◑כ ☻כ◔ ◄Ⱡꜟ◑כ  
dECase  : ◄Ⱡꜟ◑כ ─☻כ◔ ◄Ⱡꜟ◑כ [MJ] 
EBAU  : ◔כ☻─ ◄Ⱡꜟ◑כ [MJ] 
Epri,Case  : ◔כ☻─ ◄Ⱡꜟ◑כ [MJ] 
Edemand  : [kWh] 
Twdemand  : [ϴ] 
Twpublic  : [ϴ] 
Vwdemand  : [ϴ] 
CpW  : ─ [MJ/ꜞ♇♩ꜟ*ϴ] 
 
  

ὅ𝐶𝐶 = Ὁ , ÷ Ὁ  

ὒὊ = Ὁ , ÷
Ὕ × Ὑ𝑅𝑅ὰ

10  

CRfc  :  
Lyear  :  
Esupply,fc : FCCGS [kWh] 
TFCCGSMAX : FCCGS [h] 
RElSupFCCGS : FCCGS [W] 
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1.6.2.  

 ─ ─ ╩ ⌐╕≤╘╢⁹ 
 

 1.2  

ה  ה   

 ⌐ ╡⅜ ™ │⁸ ─ ה

│ HHV ≢№

╢⁹ 
FCCGS─◌♃꜡◓⌐│ ⌐ LHV
─ ⅜ ↕╣╢√╘⁸∕╣╟╡

⅜ ↕ↄ⌂╢↓≤⌐ ↕╣√™⁹ 
⌐╟∫≡ ∆╢⁹ 

─ ╛⁸▬fiⱣכ♃

╢╟⌐כ ה ⌐╟∫≡

╦╣√ ⌐ ∆╢ ≢№╡⁸ ─╟℮

⌐ꜚ♬♇♩ ⁸ ─ │ ╦⌂™⁹ 
⌐ ≤ ⌂∑╢  

 

https://www.eccj.or.jp/qanda/ter
m/kana_ko.html#06 
₈ ◄Ⱡꜟ◑₉כ Vol.56 / No.8, 
2004 JULY, 17Page 

 
ꜚ♬♇♩⅛╠ ♃fi◒┼ ≢⅝

√ ≤ FCCGS●☻ ─ ≢№

╢⁹ 
⌂◌♃꜡◓ ─ ≢№╢

⅜⁸ ≤ ∂ↄ ⌐╟

∫≡ ∆╢⁹ 
 

 

 
♃fi◒┼ ⇔√ ─ ⁸ꜝ כ◄☺

╢╟⌐כ♃ ╛⁸♃fi◒ ⅛╠─

⌐╟╢ ╩ ⅝⁸ ⌐

≢ ≢⅝√ ≤FCCGS●☻
─ ≢№╢⁹ 
 SOFC│ꜝ☺◄כ♃כ⌐╟╡ ∆╢

↓≤╛⁸ ⅜ ⌐ ∆╢

↓≤⅛╠⁸ │ ™ ≤⌂╢⁹ 

 

 ≤ ╩ ⇔√╙─⁹ 
ꜚ♬♇♩⌐ ⇔√⁸ ─

ꜚ♬♇♩ ≤⁸◦☻♥ⱶ ─

⅜№╢⁹ 
⌂◌♃꜡◓ ─ │

─ꜚ♬♇♩ ≢№╢⁹ 
 

 

 ─ ≢⅝╢ ╙ ⅝™

⌐ ∆╢⁸ ─ ─ ⁹ 
700W─ ⅜ 600W≢

⇔≡™╢ │ 600/700ԇ86 ≤⌂

╢⁹ 

Load Factor 

─ ⅜ ⌐ ∆╢ ≢№  
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 ╢─⌐ ⇔⁸ ╕√│ ⁸

│⁸∕─ ⅜ ⁸╕√│

⌂ ⌐ ⇔⁸ ⌐ ↕╣√ ─

─ ≢№╢⁹ 
 ⅎ┌ PEFC│ 20 ⁸

750W≢№╢√╘⁸ ≢│  
5,475kWh 20 ×365 ×750W

≢№╢⁹↓╣⌐ ⇔⁸ ⌐ ⇔

√ ⅜ 3,000kWh≤∆╢≤⁸ │ 
3000 5,475 55%≤⌂╢⁹ 
 ↓─ ⅜ 100%⌐ ™≤ ╩

╕√│ ⅜ ≤ ⅎ⁸

0%⌐ ≠ↄ≤ ⅜ ╕√│ ⌂

⅜№╢ ≤ ≢⅝╢⁹ 
 

 №╢ ⌐ ∆╢ ─ ⅜ ╘

╢ ⁹ ⅜ ™╒≥ ─

⌐ ⅎ╢ ⅜ ↕ↄ⁸ ⌐

≤∫≡ ⌂ ≤⌂╢⁹ 
 

─ ⅜ 500kWh
≢№╢─⌐ ⇔⁸FCCGS⅜ 200kWh
⇔√ │ 200/500 = 40 ≤⌂╢⁹ 
 
 

 

 
⅜ ⇔≡ ≢⅝╢ ⁹

PEFC≢│ 750W⁸SOFC≢│ 700W≢№
╢⁹ 
 

 

 
─ ⌂ ╟╡ ↕™

≢─ ⁹ ≢─ ⌐ ═⁸

⌐ ─ │ ∆╢⁹ 
─ ⁸ │ ⅛≈ ⅜

⅝™√╘⁸ ─ ╘╢ ⅜

⅝™⁹ 
 

 

 
≢│№╢⅜⁸ ─

─ ⅜ ↕ↄ⁸ ─ ⅜╒≤╪≥

⇔⌂™ ⁹ 
 

 

◄Ⱡ

כ◑ꜟ

 

◄Ⱡꜟ◑כ ─ ≢│⁸ 
─ ◄Ⱡꜟ◑כ ╩ 

9.8MJ/kWh≤⇔≡™╢⁹ ⌐ ⅜ ™

⌐◄Ⱡꜟ◑כ ≤ ↕╣≡™

╢ │⁸3.6MJ/kWh≢ ↕╣≡™╢⁹

↔≤─ ⌐╟∫≡ ─ ◄

Ⱡꜟ◑כ │ ∆╢↓≤⌐

↕╣√™⁹  1.12  

https://www.eccj.or.jp/qanda/ter
m/kana_i.html 
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⌂⅔⁸ ─ ◄Ⱡꜟ◑כ │

FCCGS⅜ ∆╢ ─╖⌐ ⇔≡⅔

╡⁸ ●☻ ◖fi꜡⌂≥ ╛⁸

●☻ ●☻ⱨ□fiⱥ⁸כ♃כ

●☻ ⁸●☻╩ ≤⇔

≡ ∆╢ ─ │

╕╣⌂™↓≤⌐ ↕╣√™⁹ 
 

◄Ⱡꜟ

כ◑  
≢│⁸ ─ ◄Ⱡꜟ◑כ

╩⁸ ⅜ ∆╢ ⌐ ⇔≡

⇔≡™╢⁹ ⌐ ─ ─ ◄Ⱡꜟ◑

כ ╩ ╘╢ ⁸ ─ ◄Ⱡꜟ

כ◑ ╩ ™≡ ∆╢ ╙№╢

⅜⁸∕─ ⌐ ═╢≤ ∂ ◄Ⱡꜟ◑כ

◄Ⱡꜟ◑כ ≢╙ ⅜

⅝ↄ⌂╢ ⌐ ↕╣√™⁹ 
 

http://www.jsrae.or.jp/annai/you
go/153.html 
◄Ⱡꜟ◑כ 1 ●

☻ ∆╢

●☻

≤⌂╢ × 100 

ꜚ♬♇♩

ה  
FCCGS│ ●☻⅛╠ ⁸

─ ┼─◄Ⱡꜟ◑כ ╩ ℮

≢№╢⁹ 
↓─◄Ⱡꜟ◑כ │⁸ ●☻⅛╠

●☻⁸ ꜚ♬♇♩ ⁸

ꜚ♬♇♩ ⁸ Ⱪ꜠כ◌

כ ⁸ ♃fi◒ ⁸≤

─☻♥♇ⱪ⌐ ↑≡ ╦╣╢⁹ ⌐◌

♃꜡◓⌐ ↕╣╢⁸ ꜚ♬♇♩⅛╠

√ ─ ╩ꜚ♬♇♩ ⁸ ⌐ ⇔

≡│ ♃fi◒ ⁸ꜝ כ♃כ◄☺

⁸ ה ◄Ⱡꜟ◑כ

╩ ⇔√ ⌂ ╩

≤∆╢⁹ ⁸ ─ │

≢ ↕╣╢ ⌐ ↕╣√™⁹ 
β ⌂◌♃꜡◓ ─ │

─ꜚ♬♇♩ ⅜ LHV≢ ↕╣╢

√╘⁸ ─ ╟╡⅛⌂╡ ™

≤⌂╢⁹ 
 

 

─

ה

ה ─

™ ↑ 

≢│⁸◦Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ

⌐⅔™≡ ─ ⁸≈╕╡ ─

╩₈ ₉⁸◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ⌐

↕╣╢ ─ ╡ ≡╩₈ ₉⁸

⌂◄Ⱡꜟ◑כ ╩₈ ₉≤∆

╢⁹ 
 

 

 

http://www.jsrae.or.jp/annai/yougo/153.html
http://www.jsrae.or.jp/annai/yougo/153.html
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 1.12 10 13  

2014  
2010  
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1.6.3.  

 ─ ה ╩ ⌐ ∆⁹ⱪ꜡◓ꜝⱶ ─ ┘ │ ─

╩ ↕╣√™⁹ 
 

 1.3  

ה   

PV Photo Voltaics  
FCCGS Fuel Cell 

Cogeneration 
System 

 fi◦☻♥ⱶꜛ◦כ꜠Ⱡ▼☺כ◖

PEFC polymer electrolyte 
fuel cell 

 

SOFC Solid Oxide Fuel 
Cell 

 

SB Storage Battery  
BB Backup Boiler Ⱳ▬ꜝכ 
HEMS Home Energy 

Management 
System 

ⱱכⱶה◄Ⱡꜟ◑הכⱴⱠ☺ⱷfi♩ה◦☻♥ⱶ 

 
1.6.4.  

 ─ ⁸ ≢ ™╢ ⁸ ─ ╩ ⌐ ∆⁹ 
 

 1.4  

ה   

─ ◄Ⱡꜟ◑

כ  
9.8MJ/kWh ─ ─ ◄Ⱡꜟ◑כ │

─ ⌐╟╢⁹ 
Elpri = Elsec * (9.8/3.6) 
Elpri ◄Ⱡꜟ◑כ

[kWh] 
Elsec ◄Ⱡꜟ◑כ ⌐

ה ≤╙  
●☻  45MJ/N  13A 
─  0.0042MJ/ꜞ♇♩ꜟ

*ϴ 
⌐ ℮ ─ │

⇔⌂™⁹ 
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2. FCCGS  

2.1.  

 ≢│ FCCGS ⸗♦ꜟ─ⱪ꜡◓ꜝⱶ ╩ ™⁸ ≢│ ─

╩◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ╠⅛⌐∆╢⁹ │∕─ ⁸ ─ ♃כ♦

╩╕≤╘╢≤≤╙⌐⁸ ⌐⅔↑╢ FCCGS─ ╩ ⇔√╙─≢№╢⁹ 
 ≢ ⇔√ ╡⁸ ⌐│∕─ ☿ꜟ☻♃♇◒─ ⅛╠ SOFC⁸
PEFC─ ⌐ ≢⅝╢⁹ ⌐ ↄ ⇔≡™╢─│ PEFC≢№╢⁹ 
↕╠⌐ PEFC │ ●☻ ─ ↔≤⌐ ⌂╢ 2 ─ⱷכ◌כ─ ⅜

↕╣≡™╢⁹↓↓≢│ ⁸ ⌐ ⇔≡™╢ ╩ A ⁸ ⌐ ⇔

≡™╢ ╩ B ≤∆╢⁹ ≢│ A ─ ╩ ∆╢ ╩ ≤∆╢⁹A
≤ B─ ─ ╩ ⌐ ∆╢⁹ 
¶  

A │ ─◄Ⱡꜟ◑כ ─♃כ♦ ⌐ ≠™≡⁸ ⅜ ∆╢

⌐ ⅜ ∆╢╟℮ ⁸ ⅜ ↕╣╢⅜⁸B │ 24 ≢

∆╢⁹ 
¶ ♃fi◒ ─  

A │♃fi◒ ⅜ ⇔⁸ ─ ⅜ ╩ ⅎ√ ≢⁸

╩ ∆╢ ≢№╢⁹ B │ ♃fi◒≤ ꜚ♬♇

♩╩ ← ⌐ ╩כ♃כ◄☺ꜝ─ ⇔⁸ ╩ ┼ ⇔⌂

⅜╠ ╩ ∆╢ ≤⌂∫≡™╢⁹A │ ╩ ⌐ ≢⅝╢⅜⁸

⅜♃fi◒─ ⁸⅔╟┘ ─ ⌐╟∫≡ ↕╣╢ ≤ ⅎ╢⁹

B ╢╟⌐כ♃כ◄☺ꜝ│ ≢ ╩ ∆╢√╘⁸ ╩

ↄ∆╢↓≤⅜ ∞⅜⁸ ≢ ─ ╩ ⌐ ∆╢√╘⁸ │ ∆

╢ ≢№╢⁹ 
βA ⌐ ™ ─ ╩ ⇔√ C ⅜ ∆╢⅜⁸ │ ─ ─

╩ ⇔≡™╢⁹ 
 

≤╙ ⁸ ─ ⅜ ⌐ ╦╣≡⅔╡⁸ ⌐ ≠ↄ

⁸ ─ ╛⁸ ─ ⁸ ─ ⌂≥│

⌐╟╡ ⅝ↄ ⌂╢⁹ 
≢│⁸ ─▪▬ꜝfi♪◦♥▫⌐ ∆╢₈ ☻ⱴכ♩♃►fi₉⌐ ⇔≡

HEMS♦כ♃─ ה ╩ ™⁸PEFC ─ ╩ ⇔⁸ ─ ⁸

≤ PEFC ─ ╩ ╠⅛⌐∆╢≤≤╙⌐⁸ ⌐ ↕╣√ ⁸

┘⌐ ─ ⁸ ─ ⁸FCCGS┼─ ╩ ╠⅛⌐∆

╢⁹ 
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2.2.  

2.2.1.  

─ ╩ ⌐ ∆⁹ ╠⅛HEMS│♃כ♦ ♦♩כꜟ⁸C╡№≢♃כ♦√⇔
⁹╢№≢♃כ HEMS ─♃כ♦ A,B,C ─♩כꜟ │  2.2 ╩ ↕╣√™

≢ ⁸╡№≢♃כ♦√⇔ ─ HEMS ⁸♃כ♦ ┘⌐ ╩ ⇔√♦

╩♃כ ™≡⅔╡⁸1 ╩♃כ♦─ ⇔≡™╢⁹●☻ │ FCCGS ─ ╙

╗⁸╕√⁸FCCGS─ ⌂≥⌐≈™≡│ ≢№╢⌂≥⁸◄Ⱡꜟ◑כ ─

⌂ⱨ꜡כ│ ≢⅝⌂™⅜⁸ ─ ≤ FCCGS ─ ─ │

≢№╡⁸ ─ Ɽ♃כfi⌐ ⇔≡ PEFC ⅜≥─╟℮⌐ ╩ ∆╢⅛⁸

⌐ ⁸ ∆╢⅛⁸ ⁸◌♃꜡◓ ⌐│ ⅜⌂™╙──⁸ ⌐ ⌂

╩ ⅎ╢ ╩ ≢⅝╢⁹ 
 ⌂⅔⁸HEMS │ PV ╩ ⇔≡⅔╡⁸ ╙ 4.5 5.0kW ≤

⅝™⅜⁸ ─ PEFC─ ⌐│ ╩ ⅎ⌂™⁹╕√⁸℮∟ 4 ⌐

╩ ╗⅜⁸↓∟╠╙ ⌐ PEFC─ ⌐│ ╩ ⅎ≡™⌂™⁹ 
 ─ │ ╩ ∆╢⅜⁸╒≤╪≥─ ≢ ↕╣≡⅔╠∏⁸

2 ≢ 4 /3 ─ ⅜ ↕╣√∞↑ ≢№╡⁸ ─ │⌂™╙

─≤ ⅎ╠╣╢⁹ 
 │ ≢№╡⁸ ◄Ⱡꜟ◑כ ─ ≢│кb⌐ ∆╢⁹ ─

⌐╟╡⁸ ◄Ⱡꜟ◑כ ─ ╩ √⇔≡™╢⁹ ⌐

│ ™⁹ ⌐ ⌐ ╩ ⇔≡™╢ ⅜ ↕╣⁸ ⇔√≤↓╤

─ ≢№╢⌂≥⁸ ≢ ⅜ ™↓≤⁸ ─ ⁸ ⅜ ⌐ ™

⌂≥⅛╠ ⌂◄Ⱡꜟ◑כ ─ ⅜╖╠╣╢⁹ 
 ⌂⅔⁸ ●☻ ≢№╡⁸2017 11 ≢│ ─ ⌐ ╩ ⇔≡

™╢ │ ╠╣⌂™⁹ 
 

 
 2.1 CO2  
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  2.1  

 

 

 2.2 HEMS  
   

  

  

 CO2♀꜡ ─◄Ⱡꜟ◑כ  
 2013 11 2017 11 β  
 39 178 β℮∟ 3 │ ─  

◦☻♥ⱶ HEMS 
♃כ♦  1  

  kWh/h ─ ⁸FC
│ ╕⌂™⁹ 

⁸ ה ⌂≥⅛╠ ╠╣╢

 
PV  kWh/h ה  
FC  kWh/h  

β ─╖ ☻♃fiⱣ▬ ─ ⁸

♃fi◒─ │ ╕⌂™⁹ 
 kWh/h ─  

─ ꜡☻ ╙ ╗  
 kWh/h ─  

 kWh/h β  
 kWh/h β  

●☻  /h הFC ─●☻ ─  
 kWh/h  
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2.2.2.  

 HEMS♦כ♃ ┘ ─ ╩  2.3⌐ ∆⁹ 
 FCCGS⁸PV⅜ ↕╣≡™╢⁹FCCGS│ ─ ╩ ⇔≡ ↕╣╢⁹

│ ⁸ ╩ ∆╢ ╙ ↕╣√⅜, │

⅜ ≢№╢⁹ 
 ─≤⅔╡⁸FCCGS─ ─ ⌐⁸PV ─ │ ╩ ⅎ⌂™⁹ 
♃כ♦  ─ ⁸ ─ │ ─ ≢ ╦╣≡™╢╙─≤ ⅎ╠╣╢⁹ 
 
ₒ☻♥♇ⱪ 1ₓ ─ ╩  
ₒ☻♥♇ⱪ 2ₓPEFC⅜ ─ ⌐ ⇔≡ ╩  
ₒ☻♥♇ⱪ 3ₓ ⅜№╣┌ ─ ╩♅▼♇◒⁸ ≢№╡⁸ 23 ⅛╠

7 ≢№╣┌ ⁹ 
ₒ☻♥♇ⱪ 4ₓPV ╩ ≢ ∆╢ ≤ ┼ ∆╢ ⌐  
ₒ☻♥♇ⱪ 5ₓ  -> ─ ┼ 
 

HEMS♦כ♃⌐ ╠╣√ ╩ ╢ ╡⁸PEFC ╩ ⌐ ∆

╢ │ ≢⅝⌂™⁹ ◦☻♥ⱶ│ Ⱪ꜠כ◌כ╩ ⌐ ⁸

⌐ ≢⅝╢⅜⁸ ⅛╠ ┼─ │ ⇔⌂™⁹ 
 

 
 2.3 HEMS  

 
 
  

β

FC

FC
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2.2.3.  

 ≤ ⁸ ה ─ ≡ ─ ╩ ⌐ ∆⁹ 
│ ⌐ ⅜ ↄ⁸ ⅜ ─ ⅜ ╩ ╘╢ ⁸ꜝ▬ⱨ

╠⅛☺כ♥☻ ≡◄Ⱡꜟ◑כ ⅜ ⅝ↄ⌂╢ ─ ⅜ ™⁹ │ 3 ⅜

╙ ™⁹ 
 ⅜ ™↓≤│ ⌂≥─ ─ ⁸ ─ ─ ⌐ ⅜╢

≢№╡⁸ ⁸ ⅜ ⌂ ⌐ ═ ⅎ╢ ⅜ ™⁹ 

 

 2.4  
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2.2.4. PEFC  

⌐ ↕╣√ PEFC ─ ╩ ⌐ ⁸♃כ♦◓꜡♃◌⁹∆ ┘⌐ ∆╢

─ ⅛╠⁸ ─ ⅜ ↕╣≡™╢⁹ ─ ─♃▬Ⱶfi◓⌐╟∫

≡ 1 2 ─ │№╢⅜⁸ ⌡ 2013 2015 ─⸗♦ꜟ≢№╢⁹2009 ─⸗♦

ꜟ⌐ ═⁸ ꜚ♬♇♩ ╩ ─╖⌐ ∆╢↓≤⁸ 20 ─

≤⌂╢╟℮⁸ ⁸ ╩ ─◄Ⱡꜟ◑כ ─♃כ♦ ╩ ⌐ ⌐

∆╢↓≤⅜ ≢№╢⁹ 
 2.2  

ꜚ♬♇♩ 

[W] 750 
[W] 100 

[ ] 50 
[W] 396 

●☻ [W] 345 
[ ] 26 

[W] 23.1 
●☻ [W] 202 

[W] 5.0 
[ ] 1200 
[ ] 160 

♃fi◒ꜚ♬♇♩ 

♃fi◒ [L] 150 
♃fi◒ [m2] 0.1018 
♃fi◒ [W/m2/K] 1.0 

[ϴ] 40 
[ϴ] 60 

Ᵽ♇◒▪♇ⱪⱲ▬ꜝכ 
( )[-] (HHV ) 0.92 
( )[-] (HHV ) 0.82 

[ϴ] 40 
 

 
 2.5 PEFC
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 2.6 PEFC  
HEMS

HEX

150

β

FC



29 
 

2.3. HEMS  

 ≢│HEMS♦כ♃─ ╩ ∆⁹ 
 
2.3.1.  

  

─ ─ ⁸●☻ ─ ╩ ⌐ ∆⁹ ◄Ⱡꜟ◑כ

⌂≥⅛╠ ≢⅝╢ ⌂ ≡ ≤ ═╢≤ ⅝⌂ │ ╠╣⌂

™⅜⁸ │ ⅛ ⇔≡ ⅝™ ⅜ ™⁹ 
 

 
 2.7 2016 3 2017 2  

  

41.5 

21.7 

26.4 

20.7 

17.8 

20.9 

17.7 

16.1 

15.1 

17.9 

15.3 

13.6 

15.7 

15.2 

10.1 

16.2 

11.2 

19.2 

11.0 

12.7 

13.4 

17.9 

10.2 

9.0 

8.7 

13.5 

7.2 

12.0 

11.5 

4.4 

3.1 

2.3 

0.0 

18.4 

4.7 

8.5 

8.3 

8.1 

7.0 

7.7 

7.3 

6.1 

5.7 

5.6 

5.6 

5.6 

5.4 

4.6 

4.3 

3.3 

3.4 

5.5 

4.3 

3.5 

2.4 

4.9 

3.8 

4.1 

2.9 

3.4 

5.0 

1.4 

3.5 

3.2 

2.5 

1.6 

1.3 

3.4 

1.7 

1.2 

0.7 

0.0 

0.0 

6.0 

4.7 

9.8 

4.1 

6.7 

7.7 

3.8 

6.4 

8.6 

6.1 

2.9 

3.9 

4.8 

1.5 

2.1 

7.0 

1.2 

4.6 

4.4 

3.5 

2.6 

2.5 

2.8 

3.3 

1.2 

1.7 

4.2 

4.3 

3.4 

1.0 

1.8 

0.4 

0.0 

0.0 

5.1 

50.9 

40.0 

38.8 

35.5 

32.5 

32.5 

31.4 

30.8 

26.9 

26.4 

24.7 

24.0 

22.7 

21.9 

21.4 

20.7 

19.2 

29.1 

18.9 

18.9 

18.3 

17.9 

16.7 

16.4 

16.2 

13.9 

13.5 

12.7 

12.0 

11.5 

11.2 

10.7 

8.1 

6.7 

6.0 

4.2 

2.3 

0.0 

29.4 

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

21( 98%)

6( 99%)

11( 99%)

5( 100%)

20( 100%)

10( 100%)

26( 100%)

12( 99%)

9( 100%)

18( 100%)

1( 99%)

8( 100%)

7( 99%)

16( 100%)

3( 99%)

23( 99%)

17( 99%)

34( 67%)

15( 50%)

24( 56%)

37( 37%)

27( 99%)

33( 67%)

32( 67%)

28( 71%)

30( 67%)

22( 99%)

14( 50%)

31( 67%)

35( 67%)

39( 40%)

25( 34%)

13( 50%)

38( 37%)

4( 33%)

19( 13%)

36( 25%)

29( 40%)

2( 0%)

90
%

90
%

[MWh/ ]

(FC) ( )
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 FC PV  

─ ╩ ⌐ ∆⁹ 
⅜ 90 ╩ ⅎ╢ ⌐⅔™≡│⁸PV ⌐╟╡ ≢ 5.8MWh─ ⅜╖

╠╣╢⁹ ─ ⅝⌂ │ ╠╣⌂™⁹FC │ ─ ⅜ ⅝ↄ⁸╙∫≤╙

⅜ ⅝™ 6 3.0MWh │⁸ ╙ ↕™ 23 1.1MWh ─ 3 ─ ⅜╖╠╣

╢⁹ 

 

 2.8  

  

2.9 

1.9 

2.7 

2.5 

3.0 

2.1 

1.6 

2.6 

2.0 

2.0 

2.0 

2.8 

2.0 

1.2 

1.6 

1.5 

1.1 

1.8 

1.7 

1.9 

1.4 

1.2 

1.2 

0.8 

1.0 

1.5 

1.3 

1.2 

0.5 

1.1 

0.5 

1.2 

0.6 

0.6 

0.9 

0.0 

0.3 

0.4 

0.0 

2.1 

6.2 

6.9 

6.0 

6.1 

5.6 

6.4 

6.7 

5.6 

6.0 

5.9 

5.9 

4.8 

5.6 

5.8 

5.3 

4.9 

4.9 

6.9 

5.4 

3.7 

3.8 

3.9 

3.9 

4.2 

3.9 

3.4 

3.5 

3.5 

4.0 

3.3 

3.5 

2.1 

2.5 

2.4 

1.6 

1.9 

1.4 

1.1 

0.0 

5.8 

9.1 

8.8 

8.7 

8.6 

8.6 

8.5 

8.3 

8.1 

8.0 

7.9 

7.8 

7.7 

7.6 

7.0 

6.9 

6.4 

6.0 

8.6 

7.1 

5.6 

5.3 

5.1 

5.1 

5.0 

4.9 

4.9 

4.8 

4.7 

4.5 

4.4 

4.0 

3.3 

3.1 

3.0 

2.4 

1.9 

1.7 

1.5 

0.0 

7.9 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

11( 99%)

7( 99%)

10( 100%)

20( 100%)

6( 99%)

12( 99%)

21( 98%)

26( 100%)

18( 100%)

1( 99%)

8( 100%)

5( 100%)

9( 100%)

17( 99%)

16( 100%)

3( 99%)

23( 99%)

22( 99%)

27( 99%)

34( 67%)

32( 67%)

24( 56%)

31( 67%)

37( 37%)

28( 71%)

15( 50%)

33( 67%)

30( 67%)

14( 50%)

35( 67%)

13( 50%)

38( 37%)

4( 33%)

25( 34%)

39( 40%)

29( 40%)

36( 25%)

19( 13%)

2( 0%)

90
%

90
%

[MWh/ ]

FC PV
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ה ─ ╩ ⌐ ∆⁹ │ⱪꜝ☻ ⅜ ⁸ⱴ▬♫☻ ⅜

≤⌂∫≡™╢⁹ 
90% ─ 17 ─℮∟ 15 ≢ ⅜ ╩ ⇔≡™╢⁹╕√

─ ╙ 1.2MWh≤ⱪꜝ☻ ⌐ ™≡⅔╡⁸ ≢─ ─ ╩ ⇔

≡™╢⁹ 

 
 2.9  

  

-2.5 

-2.3 

-2.2 

-2.1 

-2.4 

-2.6 

-2.5 

-3.2 

-2.6 

-3.5 

-2.9 

-3.8 

-3.3 

-3.4 

-3.4 

-4.7 

-9.1 

-1.9 

-1.3 

-0.4 

-1.0 

-1.4 

-1.2 

-2.3 

-1.6 

-0.6 

-3.0 

-1.1 

-0.6 

-1.1 

-2.3 

-1.7 

-0.5 

-2.5 

-2.3 

-0.5 

-2.1 

0.0 

-3.5 

-3.3 

5.5 

5.2 

5.1 

4.8 

5.1 

5.0 

4.6 

5.3 

4.2 

5.0 

4.2 

4.7 

4.1 

3.5 

3.5 

4.1 

3.5 

5.9 

3.3 

2.3 

2.8 

3.1 

2.8 

3.8 

2.6 

1.6 

3.9 

1.9 

1.4 

1.8 

3.1 

2.4 

1.1 

3.0 

2.8 

0.9 

2.2 

0.0 

2.1 

4.6 

-10.0 -8.0 -6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0

7( 99%)

17( 99%)

8( 100%)

3( 99%)

12( 99%)

1( 99%)

9( 100%)

20( 100%)

26( 100%)

18( 100%)

16( 100%)

10( 100%)

6( 99%)

23( 99%)

5( 100%)

11( 99%)

21( 98%)

22( 99%)

32( 67%)

4( 33%)

13( 50%)

14( 50%)

30( 67%)

37( 37%)

33( 67%)

29( 40%)

27( 99%)

25( 34%)

39( 40%)

38( 37%)

31( 67%)

15( 50%)

36( 25%)

28( 71%)

24( 56%)

19( 13%)

35( 67%)

2( 0%)

34( 67%)

90
%

90
%

[MWh/ ]

3.1 

2.9 

2.9 

2.7 

2.7 

2.5 

2.1 

2.1 

1.6 

1.4 

1.3 
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2.3.2.  

  

 ─◄Ⱡꜟ◑כ ─ ╩  2.10⌐ ∆⁹ 
 2016 │ 12 ⅛╠ 2 ⌐⅛↑≡ ╙◄Ⱡꜟ◑כ ⅜ ↄ⌂╢⁹↓╣│ ─

⌐ ⅝⌂◄Ⱡꜟ◑כ╩ ∆╢√╘≢№╢⁹2016 1 ⌐│⁸ ─ ⌂™

2016 6 ⌐ ═≡ 2 ╕≢ ⇔≡™╢⁹ ⌐●☻ │ 1 ╩ ⇔≡

⅜ ⅝™⁹2016 8 ─●☻ FC │◄Ⱡꜟ◑כ ─ 15% ∞⅜⁸

2016 1 │ ─ 46%╩ ╘≡™╢⁹∕─√╘⁸◄Ⱡꜟ◑כ ⅜ 1 ╩ ⇔≡

⅜ ⅝™─│⁸●☻ ─ ≢№╢≤™ⅎ╢⁹ 

 

 2.10  
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ᵒ PV FC  

PVהFC ╩  2.11⌐ ∆⁹PV│ ─ ╩ ↑╢√╘ ⌐ ⅝

ↄ ∆╢⁹ │ ⅜ ⌂ↄ⌂╢√╘⁸200~400kWh ≤⌂∫≡™╢⅜⁸ │

⇔⁸2016 8 │ 706kWh≤ 2016 1 ─ 3 ─ ≤⌂∫≡™╢⁹ ≢

FC │ ─ ⅜ ↕™⁹FC─ │⁸ │ ⇔ │ ∆╢⅜⁸PV≤
═≡ ↔≤⌐ ╛⅛⌐ ⇔≡™╢⁹ │ ─ ⌐ ™ ╛ ─◄Ⱡ

╩כ◑ꜟ ⇔ ╙ ⅎ╢√╘⁸∕╣╠─ ╩ ⇔≡ ∆╢ FC─ ╙

∆╢⁹ 

 

 2.11 PV FC  
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ᵓ  

ה ─ ─ ╩  2.12⌐ ∆⁹2016 │ 1 ⁸2 ⁸12 ╩ ™≡

⅜ ╩ ∫≡™╢⁹ ⌐ 5 │ ⅜ ╙ ↄ⁸ ─ 3 ≢№╢⁹5
⌐│ ⅜ ≢№╡⁸ ⁸●☻ ⅜ ⅎ╠╣√√╘∞≤ ⅎ╠╣╢⁹ │

─ ⌐ ™◄Ⱡꜟ◑כ ⅜ ∆╢√╘ ⅜ ⇔⁸ ⌐ ═╢≤

│ⱴ▬♫☻ ⌐ ↄ⁹ ≢ ─ │ ─ ≤ ⅝⌂ │⌂™⁹

│ ⅜ ⇔ ⌐ ⌂ ⅜ ╠╣╢√╘∞≤ ⅎ╠╣╢⁹ │

─ ⌐ ℮◄Ⱡꜟ◑כ ⅜ ⇔⁸ ⅜ ⌂ↄ ╙ ⅎ╠╣╢√╘⁸

│ ⌐ ™≡™╢⁹ 

 

 
 2.12  
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2.3.3.  

  

─◄Ⱡꜟ◑כ ─ ⁸ ≤ ☻●ה ─ ╩ ⌐ ∆⁹ 
◄Ⱡꜟ◑כ │ ≤ ™ ╩ ∆⁹ │ ⅜ 20ϴ ─

⌐ ≤⌂╡⁸20ϴ╩ ╢⁸╙⇔ↄ│ ╢≤ │ ∆╢⁹ ⁸●☻

│ ⅜ ∆╢≤ ↕ↄ⌂╢ ⅜ ╠╣╢⁹↓╣│ ⅜ ™╒≥ ⅜

™√╘⁸ ─◄Ⱡꜟ◑כ ⅜ ∆╢√╘∞≤ ⅎ╠╣╢⁹ 

 

 

 2.13 2016 1 12  
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─ PVהFC ─ ⁸ ≤ PVהFC ─ ╩ ⌐ ∆⁹ 
│ ─ ⅜ ⅝ↄ⁸ ─ ≤╒╓ ─ ╩ ∆⁹

─ ╩℮↑≡⁸PV │ ⌐ ⇔ ⌐ ⇔≡™╢⁹ ≤ PV
─ ╩ ╢≤⁸ ⌂ ⅜ ╠╣╢⁹∕─ │ ⌂ ≢│⌂ↄ⁸

⅜ ⅝™╒≥ √╡─ PV ⅜ ∟╢⁹ 
FC│ ⌐ ╛⅛⌐ ⇔⁸ │ ↕ↄ⁸ │ ⅝ↄ⌂╢ ⅜╖╠╣╢⅜⁸

─ │ ↕™⁹╕√ ⅜ ∆╢≤ ⅜ ⅜╢√╘⁸ ⅜ ↕ↄ⌂╡

FC │ ∆╢⁹ 
 

 

 2.15 PV FC 2016 1 12  

 
 2.16 PV FC 2016 1 12  
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2.3.4.  

  

◄Ⱡꜟ◑כ ╩  2.17⌐ ∆⁹ 
◄Ⱡꜟ◑כ │ ⌐ ⌐№╢⁹ ⌐●☻ │ ⅜ ⅝ↄ⁸2016
1 ─●☻ ─ │ 2500Wh №╢─⌐ ⇔⁸2016 8 ─●☻ │ ≢

╙ 200Wh ⌐≤≥╕╢⁹↓╣│●☻ ─ ⌐ ℮╙─∞≤ ⅎ╠╣╢⁹╕

√ 4 ─ │ 1500 2000Wh ≢ ≤╙ ⅝⌂ │ ╠╣⌂™√╘⁸

↓─ ─ │ ⁸⅔╟┘ ─ ─ ≤╖⌂∆↓≤

⅜≢⅝╢⁹ 
 
  

PVהFC ╩  2.18⌐ ∆⁹ 
PV ─ ⌐╟╡⁸ │ ╙ ⅝ↄ⌂╡⁸ ≤ ⌐│ ≢

3000Wh/h ≤⌂╢⁹FC│ PV╟╡ ⅜ ↕™╙──⁸ ⅛╠ ╕≢

⇔≡ ⇔≡⅔╡⁸ ─ ⅜ ↕™⁹ ⅛╠ ╕≢─ PV ⅜ ╘⌂™

≢╙⁸FC⅜ ⇔⁸ ╩◌Ᵽ⁹╢™≡⇔כ╕√ │ ─ ╩ ↑≡ PV
⅜ ∆╢⅜ FC ⅜ ⇔⁸ ─ 40% ╩ ∫≡™╢⁹ 

 

 
 2.17  

 
 2.18 PV FC  
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2.4. FC  

 ≢│ ─ FCCGS⸗♦ꜟ ⌐ ∆╢ FC─ ⌐ ∆╢ ╩ ℮⁹ 
 
2.4.1. FC  

 PEFC  

CO2♀꜡ ⌐ ↕╣≡™╢ (PEFC)─ │ ⌐⁸ ─

⌐╟∫≡ ╕╢⁹♃fi◒⅜ ⌐⌂╢≤ ╩ ≢⅝⌂™√╘⁸ ⅜

⌂™ ⌐│ ⅜ ↄ⌂╡⁸ ⅜ ™ ⌐│ ⅜ ↄ⌂╢⁹

⅛╠╙∕─ ⅜ ≡ ╣╢⁹ ╩ ╢≤ ⌐╟╢ ─┌╠≈⅝⅜ ↕™↓

≤⅜ ⅛╢⁹FC⌐│ ⅜ ™≡⅔╡ ₁─ ה ╩ ⌂⅜╠ ☻◔☺ꜙ

╩ꜟכ ╘≡™╢⁹∕─√╘⁸ ⌐ ─ ⅜≢⅝╢╟℮⌐⌂∫≡™╢⁹ 
⌂⅔⁸ ⁸ ─ ↕™ ⅜ ↄ │⁸PEFC │ 1 ⅔⅝─ ≤⌂╢⌂

≥⁸ ╩ ╦⌂™ ╙⌂↕╣╢⁹ 
 

 

 2.19 PEFC  
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─ ─ ╩ ⌐ ∆⁹ ⌐ ─ ™│ ╠╣╢╙──⁸HEMS
≢│⅔⅔╗⌡ │ 40 ⁸ │ 30%⁸ │ 10 20 ─ ≤⌂╢⁹

─≤⅔╡ ⅜ ™ │ ⅜ ⅝ↄ⁸♃fi◒─ ⅜ ⅜╡≠╠™√╘

╩ ≢⅝╢⅜⁸ │ ⅜ ↕╣╢√╘⁸ ⅜ ∆╢╙─≤

ⅎ╠╣╢⁹ 
 

 
 2.20 PEFC  
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⅜ ™╒≥ FC─ ╙ ∆╢ ⅜ ╠╣╢⁹ ⌐ ⇔≡ FC
⅜ ⌂™ 21│ CO2 ⅜ ╙ ™ ≢№╡⁸FC ─ ↕⅜

↓─ ─ CO2 ♀꜡╩ →╢ ─ 1≈⌐⌂∫≡™╢≤ ⅎ╠╣╢⁹ 
 

 

 2.21 FC  

 

 
 2.22 PEFC  
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2.4.2.  

 ─ PEFC ─ ╩  2.3⌐ ∆⁹ │ ⁸

⌐ ╩ ⅎ⁸ ⅜ 40%╩ ╢ │ ─ ╟╡ ⅜ ⅝ↄ

∆╢⁹ ⌐ ⅛╠ ╠╣√ ╩ ⌐ ⇔√ ╩ ∆╢⁹ 
 │ ⌐ ⅝ↄ ⇔⁸ ⁸ │ 100%⌐ ™ ≢─ ⅜

╘╢ ⅜ ⅎ⁸ ─ 3 │ ⅜ ╘╢⁹↓╣⌐ ⇔⁸ ≢│

⅜ 27%⅛╠ 40% ⅜ ╘╢ ⅜ ⅝ↄ⁸ ⅜ ⇔≡™╢ ⅜ ™↓≤

⅜ ⅛╠ ≢⅝╢⁹ 
 ⁸ ─♃כ♦ ⅜ 1 ≤ ↄ⁸ ⌂ ⌐≈™≡│ ™ ╣≡™⌂

™ ⅜ ™⁹ ⌐ ⇔√ ≤ PEFC ─ ⌐ ∆╢ⱴ

╩fi☺כ  2.4 ⌐ ∆⁹ ≤ ─ ⌐│ 100W ─ ⅜ ⇔≡⅔╡⁸◦

Ⱶꜙ꜠כ◦ꜛfi⌐⅔™≡│╟╡ ⌂ ⅜♃כ♦─ ≢№╢↓≤⅜ ⅛╢⁹ 
 

 2.3 PEFC  

 
 

 2.4  

 

 
  

200W
(27% ) 14% 13% 13% 10% 12% 13% 15% 14% 12% 11% 12% 15% 13%

200W 300W
(27 40% 20% 21% 17% 11% 14% 15% 21% 21% 18% 16% 16% 17% 18%

300W 400W
(40 53% 15% 19% 17% 12% 13% 16% 18% 16% 12% 10% 11% 13% 14%

400W 500W
(53 67% 14% 16% 16% 13% 10% 14% 15% 14% 11% 9% 9% 11% 13%

500W 600W
(67 80% 12% 11% 14% 11% 10% 13% 12% 12% 11% 10% 9% 11% 11%

600W 700W
(80 93% 12% 9% 11% 13% 10% 12% 10% 11% 13% 13% 13% 14% 12%

700W
(93% ) 11% 10% 13% 29% 31% 18% 9% 11% 23% 31% 30% 19% 19%

[kWh/ ] 15.7 15.0 16.6 22.0 23.3 17.8 14.9 16.3 20.3 24.8 23.4 19.0 19.1

[kWh/ ] 6.4 5.7 4.9 3.8 2.5 3.4 4.3 6.2 7.4 8.3 8.3 7.5 5.7

[%] 41% 38% 29% 17% 11% 19% 29% 38% 37% 34% 36% 39% 30%

[%] 55% 53% 57% 67% 65% 60% 53% 55% 62% 66% 65% 60% 60%

200W 300W 13% 248 199 49
300W 400W 14% 344 248 96
400W 500W 11% 444 339 106
500W 600W 9% 544 404 139
600W +700W 7% 644 471 173
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2.5.  

2.5.1.  

╕≢─ ≢⁸ ≢ ≤∆╢ PEFC─ ⌂ ⌐⅔↑╢⁸

─ ≤ ⁸ ⌐ ∆╢ ⌂ ╩ √⁹√∞⇔⁸HEMS♦כ♃
│ 1 ⁸╡№≢♃כ♦─ ─◄Ⱡꜟ◑כ ⁸ ┘⌐ ⌂ ⁸

⌐ ⇔≡│ ≢№╢⁹∕↓≢ ≢│HEMS♦כ♃ ─ ≤⇔≡⁸

─ 2 ╩ ⌐ ╩ ™⁸ ⅛™ ⌐ ∆╢ ╩ ⇔√⁹ 
 ─ ╩  2.5⌐⁸ ╩  2.23⌐ ∆⁹ 
 

 2.5 PEFC  
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2.5.2.  

 │⁸ ╕≢─ ≢№╢HEMS ─ ─ 2 ≢№╢⁹ 
2 ≤╙ 4 ─ ≢№╢⁹ 1│ ⅜ ╠╣╢≤≤╙⌐

─ ─ ⌂ ⌐ ═⁸ ⁸ ≤╙ ⅝™⁹ │ ⁸

⅛╠ ≤ ↄ ⇔≡⅔╡⁸ ─ ┼─ │ ╛⅛≢№╢⁹ ⌐╟

╡⁸ ⁸╕√│ 2 1 ╩ ∆╢ ⅜ ╠╣⁸ ⌐ ⅝⌂ ⅜

⇔≡™╢ ⅜ ™⁹ 2 │ ⅝ ≢№╡⁸ ⁸⅔ ≤╙

⌐ ⅜ ⇔≡™╢⁹ │ ─ ─ ≤ ⌡ ≤™ⅎ╢⅜⁸

│ 300 ꜞ♇♩ꜟ ≤╛╛ ⌂™⁹ ⌐ FCCGS │ ⁸ ≤╙

─ ⌐ ∑∏⁸ ™ ⌐ ⇔≡ ↕╣≡™╢↓≤⅜ ╕⇔™⁹╕√⁸

─ ─ PEFC │ ─ ⌐╟╡⁸ ─◄Ⱡꜟ◑כ ⅜

≥─ ⌐ ∆╢⅛⁸⅔ ╩≥─╟℮⌐ ℮⅛ ─ ⌐ ≠™≡ ╩ ∆

╢√╘⁸ ╟ↄ ─ ╩ ⇔⁸ ⌂ ╩ ∆╢√╘⌐│ ─

Ɽ♃כfi⅜ ⇔≡™╢↓≤⅜ ╕⇔™⁹↓─ ⅛╠ ⅎ╢≤⁸ 1│ PEFC ─ ⌐

⌂ ╩ ∟⁸ 2 │ ≤ ⅎ╠╣╢⁹ ─ ⌐ ∆╢ ─ ╩

 2.6⌐⁸ ─ ─ ─ ╩  2.24⌐ ∆⁹ 
 

 2.6  
   

    

1 
│ 7,553kWh
≤⁸ ─

⌐ ═ ⅝

™⁹ 

─ │

↕ↄ⁸

─ ≢╙

─ ⌐

⇔≡™⌂™⁹ 

√╡

600ꜞ♇♩ꜟ
≤

⅝™⁹ 

│

₁⌂

⌐ ⇔

≡™╢⁹ 

2 
│ 5,107kWh
≤⁸ ≢№

╢⁹ 

─

─ ⅜

⅝ↄ⁸

⌐

⅜ ⇔≡™

╢⁹ 

√╡

300 400ꜞ♇
♩ꜟ≤

≢№╢⁹ 

⌐

⅜ ⇔

≡™╢⁹ 

 
 2.7  

 
 

  

7,553 579

5,107 375
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 2.25  
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 2.26  
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2.5.3.  

 ⁸PEFC ⁸PEFC●☻ ─ ╩  2.27⌐⁸ ◄Ⱡ

כ◑ꜟ ╩  2.28 ⌐ ∆⁹PEFC │ ≢ 1 ⌐⅔™≡ 2.77MWh⁸ 2 ≢
1.97MWh ⇔√⁹↓╣│ ─ ─∕╣∙╣ 40%⁸35%⌐ ∆╢⁹PEFC⌐
╟╢ ≤ ⌐╟╡⁸ ⌂●☻Ⱳ▬ꜝכ╩ ™╢ ⌐ ═⁸ 1 ≢ 11%⁸

2 ≢ 7%─ ◄Ⱡꜟ◑כ ⅜ ╠╣╢⁹ 1 │ ≢ 34%⁸
48%⁸ 42%≢№╡⁸ ≢ ╢ │ 76%≤⌂∫√⁹ 2│ ≢

29%≤⌂╡⁸ 1╟╡ 5ⱳ▬fi♩ ⇔≡™╢⁹⌂⅔⁸ ≢│ ─

≢│ ╩ ╕⌂™⅜⁸ ◄Ⱡꜟ◑כ ⁸ ◄Ⱡꜟ◑כ ─ ⌐⅔™

≡│ ╕╣╢╙─≤∆╢⁹ 
 

 
 2.27 PEFC PEFC  
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 2.29  
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 2.31 PEFC  
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2.5.4.  

 1 ─ ╠⅛♃כ♦ ⇔√ ≤ ה ה ─ ╩  
2.32⌐ ∆⁹ ─ │⁸ 87%⁸ 38%⁸ 51%≢№╢⁹

─ ⌐ ™⁸ ⅜ ∆╢⁹ │ 40% ╕≢│ ⅝

ↄ ⇔⌂™⅜⁸∕─ ⇔⁸ 30%≢│ 25%╕≢ ∆╢⁹ │

40 ╕≢│╛╛ ∆╢⅜⁸40% ≢│ ─ ≤ ∆╢ ≢

⇔≡⅔╡⁸ 30%≢│ 50%≤⌂╢⁹ 
 │ ≤─ ⅜ ↄ⁸ ─ │ ╡ ⇔⌂™⅜⁸ ─

≢│ ⌐ ⅜ ∆╢ ╙ ╠╣√⁹ │ ⅛╠ ↕╣╢ ─

⌐╟╢ ≤ ⅎ╠╣╢⁹√∞⇔ │↔ↄ ™⁹ 
 

 
 2.32  

1
 

 
  

y = 1.6116x3 - 3.5635x2 + 2.5502x - 0.2311
R² = 0.6631
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R² = 0.3871

y = -0.2409x3 + 0.3378x2 + 0.0558x + 0.7183
R² = 0.5105
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2.6.  

 ≢│⁸ ─☻ⱴכ♩♃►fi ─ ≡ ⌐ ↕╣√HEMS─ Cꜟכ♩♦
╩♃כ ™⁸PEFC ─ ─ ⌐⅔↑╢ ─ ╩ ∆╢≤≤╙⌐⁸ ≤⇔≡

─ 2 ╩ ⌐ ╩ ™⁸◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⌂ ╩ √⁹

─ HEMS ≤⁸ ╠╣√ ╩ ⌐ ∆╢⁹ 
 
¶ │ ─┌╠≈⅝│№╢╙── ⌡ 30 40% ≤⌂╢⁹ ─

╟╡ ⌐ ∆╢ ⅜ ↄ⁸ ₁ ₁─ │ ─ ╩

∆╢⅜⁸ ⌂ │ ─ ⌐╟∫≡ ↕╣╢ ⅜ ╠

╣╢⁹ 
¶ ─ ⁸ │◌♃꜡◓ ≢│ 2 / ≢№╢⅜⁸ │ 1 / ≤ ↕

╣≡™╢ ⅜ ™⁹╕√⁸◌♃꜡◓ │ 200 750W ─ ∞⅜⁸ │

∕╣╠─꜠fi☺╩ ⌐ ⅎ╢↓≤╙ ≢№╢↓≤⅜ ↕╣√⁹ β√∞⇔⁸

│ 760W ╕≢⁸ │ 150W ╕≢─ ≢№╢  
¶ ─ ⅜ 750W ─ ≢№∫≡╙⁸ ─

─ ⅜ ↕ↄ⁸ ≤ ⌂∑╢ ≢│⁸ ≤ PEFC ─ ⌐

ⱴכ☺fi│ ⇔⌂™⁹ ≢⁸ ⌐│ ≢│ ─ ⅜

750W ─ ≢№∫≡╙⁸PEFC ≤─ ⌐ 100W ─ⱴכ☺fi⅜ ∆

╢⁹₈≥─ ╕≢ ⅛ↄ ╩ ∆═⅝⅛₉≤™℮─│ ─ ⅜ √╣╢

ⱴ≤™ⅎ╢⅜⁸כ♥⌂ ⌂ↄ≤╙◦Ⱶꜙ꜠כ◦ꜛfi─ ▬fi♃כⱣꜟ│ 1
╟╡ ⅛™ ⌐∆╢ ⅜№╢⁹ 

¶ ≤⁸ ⁸ ꜚ♬♇♩ ⌐ ∆╢ ╩ ⇔⁸ ╩ ⇔

√⁹╕√⁸ ⌐ ∆╢ ─◄Ⱡꜟ◑כ ╩ ⇔√⁹ ╩

╣╢⁸ ╣⌂™≢ ה │ 1 2ⱳ▬fi♩ ∆╢⁹ 
 

 2.8 HEMS  

 
  

5,388 5,605 1,813 9,525 2,698 4,635

4,703 5,687 1,604 10,640 2,329 4,646

6,291 5,183 2,399 13,894 3,118 4,223

5,518 5,460 1,981 11,718 2,741 4,469
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3.  

3.1.  

 ─HEMS♦כ♃ ⁸ ┘⌐ ⌐╟╡⁸⸗♦ꜟ ⌐ ⌂ כ♦─

♃│ ≢⅝√⁹ ⅜ ⌂ↄ⁸ ⁸ ⅜ ↕™ ⌐≈™≡│⁸

⌐ ╘╢ ⅜ ⅝™⌐╙ ╦╠∏⁸ ⅜♃כ♦⌂ ╠╣≡™╢≤│ ™ ™⁹

╕√⁸PEFC ─ ⁸ ≢ ∆ SOFC ─ ⌐│⁸

╡⁸◦ꜗ꞉כ─ ⌂≥≤™∫√№╢ ─╕≤╕∫√ ─⁸ ╛

™⌂≥─ ⅛™ ─ ⁸╕√│ ≤ ─Ɽ♃כfi ≥─ ─

⅜≥─ ⌐ ∆╢⅛⁸╩ ⇔√ ─ ⌡ ™⅜ ≢№╢⁹ 
 ⌐⁸ ≢─ ◦Ⱶꜙ꜠כ◦ꜛfi≢│⁸ ⁸ ╩ SCHEDULE 

Ver2 ⌂≥─╟℮⌂ ꜟכꜙ☺◔☻ ⱪ꜡◓ꜝⱶ≤⁸ ╩ꜟכꜙ☺◔☻ ≤∆╢

HASP⁸THERB⌂≥╩ ™≡ ∆╢ ⅜ ↕╣╢↓≤⅜ ™⅜⁸ ≢│

⌂ │ ─ ╩ⱬ⁸≈≈⇔≥☻כ ╩ ≤⇔√ꜝ▬ⱨ☻♃▬ꜟ ─

╩ ↕∑╢↓≤≢⁸╟╡ ─ ╩ ╕ⅎ√ Ɽ♃כfi╩ ⇔√⁹ 
 ≢│⁸ ─ ╩ ⌐ ⇔√▪fi◔כ♩ ╩ ⁸≡⇔≥♃כ♦

◦Ⱶꜙ꜠כ◦ꜛfi ≡⇔≥♃כ♦ ™╢ ─ ♃כ♦ ╩ ℮⁹ 

 

3.2.  

3.2.1.  

◦Ⱶꜙ꜠כ◦ꜛfi≢ ∆╢ ─ ╩ꜟכꜙ☺◔☻ ⇔√ כ♦

♃╩ ∆╢√╘─ ╩♃כ♦ ╢↓≤╩ ≤⇔≡⁸ ⌂ ─ ╩ ∆

╢ ─ ╩ ≤⇔√ ה ╩ ∆╢▪fi◔כ♩

╩ ∆╢⁹▪fi◔כ♩│ 3 ─ ⌐ 300 ↕╣⁸ ⌐ 144 ╩

≤⇔≡ ⇔√⁹ ─ ⌐ ≤⇔≡ ╩ ∆╢⁹ 
 

 3.1  

  
 ─ 3 ─  

300  

 ─ 3 450ss  

 ─ ה  

 200 ℮∟ 144  

 2015 4  

 

 ╡ 

 ⁸  

 ⁸ ⁸ ⁸ ⁸ ─ ⁸ ─  

ה  ─ ⁸ ⁸ ⁸  

ה  ™ ─⅔ ─ ⁸ ─ ה ─  

ה☻●ה  ─ 2014 8 ה 10 2015ה 2 ─  
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3.2.2.  

─ ╩  3.2 ⌐ ∆⁹ ─ ─ ⁸ ─ ⅛╠ ╩

─ 5 ⌐ ∆╢⁹∕─ ⌐╙ ⅜ ╕╣╢↓≤⌐ ↕╣√

™⁹ 
 

 3.2  
   

1  
1  

50  

2  
1  

60  

3  

2  

20 60  

1  

4  

2  

2 50 1 60  

1  

5  4  
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3.3.  

 144 ⁸ 262 ─ ╩ ⌐ ∆⁹ 
 
3.3.1.  

 ▪fi◔כ♩ ─ 3 ─ ╩ ⌐ ∆⁹ 300 ⁸ ⌐ ⇔℮╢

│ 144 ≢№╢⁹ ⁸ ⁸ ─ 3 ─ ⌐ ⅝⌂ ╡│ ╠╣⌂™⁹

⌂ ≤⇔≡⁸ │ ⅜ 2.4 ≤╛╛ ─ ╟╡ ↄ⁸3 ─

─ ╙ ╟╡ ™ ⅜№╢⁹ │ ⅜ ⌂ↄ⁸60 ─ ╘╢

⅜ ⅝™⁹ ─ ─ ⌐ 3 ≢ ⅝⌂ │ ↄ⁸ │ ╠ ●☻

⌐╟∫≡ ╦╣╢ ⁸ ⌂ ≤™ⅎ╢⁹ 
 

 3.3  

 

 

3.3.2.  

  

 ─ ─ ╩ ⌐ ∆⁹ ⅜ ╙ ↄ⁸ ─ 35%╩ ╘╢⁹

™≢ 31%─ ⅜ ™⁹ ⌐ ∆═⅝ ─ ╡│ ╠╣⌂™⁹ 
 

 
 3.1  

  

100 47 47% 114 2.4 0.6 0.2

150 70 47% 137 2.0 0.7 0.1

50 27 54% 62 2.3 0.3 0.1
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39%
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 ─ ─ ╩ ⌐ ∆⁹ ≢ ⇔√ ─ ⁸ ╙ ™

─│ ≢№╢⁹ │₈∕─ ₉ ─ ╘╢ ⅜ ⅝ↄ⁸ ≢ ℮

≤↓╤─₈ ₉─ ╘╢ ⅜ ⅝™⁹ │ ⁸ ─ ⅜

™⁹ │ ─ ╘╢ ⅜ ⅝™ ─ ⅜№╢⁹ 
 

 
 3.2  

 
  

 √╡─ ╩ ⌐ ∆⁹⌂⅔ │ⱨꜟ♃▬ⱶ─╒⅛⁸Ɽכ♩♃▬

ⱶ╙ ╗⁹ ⁸ ≤ ⁸ ≢ ⅜ ⅝ↄ ⌂╡⁸ ≢

│ ─ 82%⅜⁸ ≢│ 93%⅜ ─ ╩ ╗ ≢№╢⁹ │

⅜ 0 ≢№╡⁸ ─ ╛ ⌐ꜟכꜙ☺◔☻─ ╩ ⅎ≡™╢⁹ 
  

 

 3.3  
│ ≤ ה ─ ⅛╠  
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 ─ ─ ≤ ⇔⁸ ╙ ≤ ≢ ⅜ ⌂╡⁸

─ ⅜ ™ ⅜ ⅎ╢⁹ ⅜ ™ ⅜ ─ ─ ⅛╠│

FCCGS⌐≤∫≡ ≤™ⅎ╢⅜⁸ ⅜ ─ ∆╢ ╟╡ ─ ⌐

∆╢↓≤│⁸ ⌐≤∫≡│ ⌂ ≤⌂╡℮╢⁹ 
 

 

 3.4  

  

29%

58%

14%

79%
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3.3.3.  

─ ╡╩  3.5 ⌐⁸ ⁸ ─ ╡╩  3.4 ⌐ ∆⁹ ≤╙

♃▬ⱪ─ ⅜ ↕╣≡™╢⁹ ⌐│ ─ ⅜ ╡─ ≤ ⇔≡

⅔╡⁸ ⅜ ⅎ╢╒≥ ⅜ ⇔≡™╢ ⅜ ≡ ╣╢⁹ 
⁸ │ ╦╠⌂™╙──⁸ ⁸ │∕╣∙╣ ⁸

╟╡ ⅜ ↄ⌂╢ ⅜ ⅎ╢⁹ 
⌐ ⌂ ≤⇔≡⁸ ⁸ │ ≤ ═⁸ ™ ⌐

╗ ⅜ ╠╣╢⁹↓╣│ ⌐ ™ ⅜ ↕╣≡™╢⁸≤™℮╟╡⁸╟╡

⅜ ™♃▬Ⱶfi◓≢ ⇔⁸∕─ ─ ⌐╟╡ ⅜ ⇔√↓≤⅜

≤ ⅎ╠╣╢⁹ 
 

 
 3.5  

 

 3.4  
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 3.6  

 

 
 3.7  
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3.3.4.  

 ↔≤─ ─ ╩ ∆╢√╘⁸♥꜠ⱦ⁸ ⁸ ⌐ ∆╢

╩ ∫√⁹ ⌐ ↔≤⌐ ╩ ∆⁹ 
 
  

 ♥꜠ⱦ─ │ ≢│ 7 ⅜ 1 ⁸30% ⅜∕╣ ≤⌂∫√⁹ ⌐│

⌐ ∆╢ ⅜ ≢⅝╢⁹ ⁸ ◘▬☼│ ⌐ ⅝⌂ ™│ ╠╣

⌂™⁹ 
 

 

 3.8  

 

 3.9  
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│ ⅜ ⅎ╢╒≥ ⅜ ⅎ╢ ⅜ ╠╣╢⅜⁸ ⌐ ═

─ ⅜ │ ⅝™⁹ ≢│ 348ꜞ♇♩ꜟ ≢№╡⁸2♪▪♃▬ⱪ 3♪▪♃▬
ⱪ⅜ ≢№╢↓≤⅜ ≢⅝╢⁹ 

 

 3.10  

 
  

 ─ │⁸ ⅜ ⅎ╢╒≥ ↄ⌂╢╒⅛⁸ ≢ ⅜

ↄ⌂╢ ⅜ ≡ ╣╢⁹ ─ ≢│ 60% ─ ≢ ⌐ 1 ⇔⁸℮∟ 24%
│₈ ∆╢₉≤ ⇔≡™╢⁹ │ ⱥכ♃כ╩ ∆╢♃▬ⱪ≤ ╠

╣⁸ ─ ⅜ 1.5kW 2.0kW ≤⌂╢╙─⅜ ↄ⁸FCCGS ─
─ ⅜ ∆╢⁹ 

 

 

 3.11  
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3.3.5.  

ꜞⱦfi◓│ ─ ≤ ─ ╩ ⇔⁸ ↔≤─ ╙ ⇔≡™╢⁹

─ │ ≤ ⅝ↄ ⌂╡⁸ ─ ⅜ ™⁹ ⌐ ∆╢

─ ⁸♃▬ⱴכ⌂≥╩ ⇔≡ ⌐ ╩ ╢ ≤ ╕≢ ⇔≡ ∆╢

│ ₁ ─ ≢№╢⁹╕√⁸ │ 0 ⌐╒≤╪≥ ⅜ ╠

╣∏⁸ ⌐ ⇔⁸ ╩ ╢ ⅜ ™⁹ 
 
  

 

 3.12  
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3.3.6.  

ꜞⱦfi◓─ │ 7 ≤ 21 ⌐ ∆╢⁹ ⌐ 21 ⅛╠ 23 ⌐⅛↑

≡│ ─ 8 ⅜ ⇔≡™╢⁹ │ ⅜ ↄ ⇔≡⅔╡⁸

─ ┼─ ⅜ ╛⅛⌂─⌐ ⇔⁸ │ ─ ⌐ ∆╢ ⅜ ╠╣

╢⁹ │ꜞⱦfi◓⌐ ═ ⌐ ⇔⌂™ ─ ⅜ ↄ⁸ ↔≤─

─ ⅜ ⅝™√╘⁸ ─ ┼─ ─ │ ╠╣⌂™⁹ 
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 ⁸ ─ ╩ ⌐ ∆⁹ꜞⱦfi◓⁸ ≤╙◄▪◖fi─

⅜ ╙ ™⁹ ≢│╒≤╪≥ ─ │ ↕╣⌂™⅜⁸ꜞⱦfi◓≢│ ─

≤─ ⅜ ╠╣⁸ Ɑ♇♩⁸כ◌ ─≤⌂≈√↓Ⱪ⁸כ♩☻ ─

⅜ ⅝™⁹ Ⱪכ♩☻ ⌐╟╢ │ ≢ 15% ⌐ ╕╢⁹

≢│╒≤╪≥◄▪◖fi ↕╣⌂™⁹ 
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3.3.7.  

 ™ ─ │⁸ ⅜ ╙ ↄ ≢ 50% ⅜ ∆╢⅜⁸

─ │ 10 20% ⌐ ∆╢⁹ │ ⅜ ↄ⁸ │ 70% ⅜

∆╢╒⅛⁸ ─ 20% ─ │ ╩ ⇔≡ ∆╢⁹ 
 ─ ─ │ ™≤ ─ ╩ ⇔⁸ ⅜ ╙ ™⁹

│ ⅜ ↄ⁸ ≢╙ ∆╢ │ ─ 30% ⌐ ╕╢⁹ 
 ╡ │ ≡─ ≢ ╡∆╢ ⅜ ™⁹ ⌐│ ⅜ ╙ ↄ⁸

⁸ │ ⌂ↄ⌂╢⁹ √╡─ ╡ │ ⅜ 4.9 ⁸ 4.8 ⁸ 4.2
≢№╢⁹ ⁸ ⌐╖╢≤⁸ │ ⅜ ╙ ↄ 3.5 ⁸ 4.0
⁸ 4.7 ≤⁸ ─ ≤│ ⌐⌂∫≡™╢⁹╕√⁸ │ ⁸

⁸ ≤╙ 4.4 ≤ ⇔⌂™⁹╕√⁸ ↔≤─ ─ ⅜ ⅝ↄ⁸

╛⁸ ─ ≤ ⌂╢ ─ ╙ ™⁹ 
 ◦ꜗ꞉כ─ │ ⅜ ╙ ↄ⁸ ⁸ ⌐⅛↑≡ ╛⅛⌐ ∆╢⅜⁸

─ │ ↕™⁹ ◦ꜗ꞉כ╩ ∆╢ ⅜™╢ │⁸ ≢ 51%⁸
≢│ 41%≢№╢⁹ 
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3.3.8.  

 ⌐ ⇔√ ─ ─ ⁸ ה ⁸ ⁸ ⁸ ╩

⌐ ∆⁹ ⌂ ≤⇔≡│⁸ ⁸ ⁸ │ ─ ⌐ ∆╢⅜⁸

─ │ ↔≤─┌╠≈⅝⅜ ⅝™⁹ 
 
  

 │ 7 ⌐ ∆╢⁹10 ⁸10 │ ─ ⌐ ⅜ ∆╢⅜⁸

─ ≢│ ⅜┌╠≈ↄ ⅜ 70ה⁸60√╕⁹╢╣╠ │ ─ ╟╡

⅜ ™ ⌐ ⇔≡™╢⁹ 
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 ⁸ ─ │ 8 9 ⌐ ∆╢⁹ ≤ ∂ↄ⁸10 ⁸10
│ ─ ⌐ ∆╢⅜⁸ ─ │ ↔≤─┌╠≈⅝⅜ ⅝™⁹ ─

⌐ 70ה⁸60≥╢═ │ ─┌╠≈⅝⅜ ⅝ↄ⁸ ─┌╠≈⅝⅜ ⅝™↓

≤⅜ ≡ ╣╢⁹ 
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│ ⁸ ╟╡┌╠≈⅝⅜ ⅝ↄ⁸15 ⅛╠ 22 ⌐╦√∫≡ ↄ ⇔

≡™╢⁹ ⌐ 10 ─ ─ ⅜ ↄ⁸15 ⅛╠ 16 ⌐Ⱨכ◒╩ ⅎ╢⁹

⌂ ≤⇔≡⁸10 ─ ≤ ∆╢ ╙ ⅜ ↄ⌂╢ ⅜ ╠╣

√⁹↓─ │ ⁸ ⌐⅔™≡╙ ≢⅝╢⁹⌂⅔ ⁸ ─ ≤

∂ↄ⁸6070ה │ ↔≤─┌╠≈⅝⅜ ⅝™⁹ 
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│ 18 ⅛╠ 0 ╕≢─ ⌐ ∆╢⁹ ≤ ∂ↄ ↔≤─┌╠

≈⅝⅜ ⅝™⁹10 ⅜ ™ ⌐⁸10 ⅜ ™ ⌐ ∆╢⁹ ─ │ ─

─ ⌐ ═╢≤ ⅜ ™⅜⁸ ™ ⌐ ⇔≡™╢⁹ 
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 │ 23 ⅛╠ 0 ⌐ ∆╢⁹10 ─ ⅜ 21 ⅛╠ 22 ⌐

∆╢⁹╕√⁸10 ╩ ↄ ─ ⌐ 70ה⁸60═ ─ ⅜╛╛ ™ ⌐

∆╢ ⅜ ╠╣╢⁹10 50 ─ │ 0 ↔╤⌐ ∆╢⁹ ─

≤ ╦╣╢ ╙ ╠╣⁸ 12 ⌐ ∆╢ ╙ ↕╣√⁹ 

 
 3.29 n=288  

 
  

 ↔≤─ ╩ ╢≤⁸ ⅜™╢ ─ ─ ⅜ ╕╢⌂≥⁸ ∂ ─

─ Ɽ♃כfi⌐ ─ ─ ⅜ ≠ↄ ⅜ ╠╣√⁹ ⌐ ⅜™╢

─ 30 50 ─ │⁸ ⁸ ⁸ ⅜ ™ ⌐ ⇔≡™╢⁹ 
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3.4.  

3.4.1.  

 ╕≢─▪fi◔כ♩ ⅛╠ ╠╣√ ╩♃כ♦ ⌐⁸ ↔≤─ ╩ ╕ⅎ√

⁸ Ɽ♃כfi╩ ∆╢⁹ ⌐│ ╠ 14)─ ⌐ ™╠╣√ ⱪ꜡

◓ꜝⱶ╩ⱬ⁸⇔≥☻כ ─ ─ ╩ ≢⅝╢╟℮ ╩ ⅎ√ⱪ꜡◓ꜝ

ⱶ╩ ™√⁹ 
 
3.4.2.  

≢ ⇔√ ה ☻●ה ⱪ꜡◓ꜝⱶ╩  3.30⌐⁸ ─

─ ⌐ ⇔√ ╩  3.31⌐⁸ ⅛╠ √ ─ ╩  3.32⌐ ∆⁹ 
 

 

 3.30 14)15) 
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 3.31 16) 

 

 

 3.32  

 

 
 3.33  

  

ᵑ , ᵔ , 
 

ᵒ , ᵕ , 

 

ᵓ , ᵖ , 

 

ᵑ ᵒ ᵓ 

ᵔ ᵕ ᵖ 

ᵗ ᵘ ᵙ 
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3.5.  

 ▪fi◔כ♩ ─ ⁸◦Ⱶꜙ꜠כ◦ꜛfi⌐ ∆╢ ╩ ⌐ ∆⁹

─ ⌐ ∆╢ 61 ╩ ⌐ ╩♃כ♦ ⇔√⁹ 
 

 3.5 61  

 

HH1 3 × × × × ×

HH2 3 × × ×

HH3 4 × ×

HH4 3 × × ×

HH5 2 × ×

HH6 4 × × × ×

HH7 1 × × × × × × × × × × × × ×

HH8 2 × × × ×

HH9 1 × ×

HH10 2 × × × ×

HH11 3 × × × × × × × ×

HH12 4 × × ×

HH13 2 × × × × × × × ×

HH14 4 × × × × × ×

HH15 1 × × × × × × × ×

HH16 2 × × × × × ×

HH17 1 × ×

HH18 2 × × × × × × ×

HH19 3 × ×

HH20 1 × × × × × × × ×

HH21 2 × × ×

HH22 1 × × × × × × ×

HH23 1 × × × × × × × × × ×

HH24 1 × × × × ×

HH25 3 × × × ×

HH26 4 ×

HH27 5 × × ×

HH28 3 × × × × ×

HH29 2 × × × × × ×

HH30 2 × × × × × × × × × × ×

HH31 1 × × × × × × × × × ×

HH32 4 × × × ×

HH33 3 × × × × × × ×

HH34 1 × × × × × × ×

HH35 2 × × × × × × × ×

HH36 1 × × × × × × × × × × ×

HH37 3 × × × × × ×

HH38 1 × × × × × ×

HH39 3 × × ×

HH40 2 × ×

HH41 1 × × × × × × × × ×

HH42 2 × × × × × × ×

HH43 2 × × × × × ×

HH44 2 × × × ×

HH45 2 × × × × × ×

HH46 2 × × × × × × × ×

HH47 2 × × × × × × × × × × ×

HH48 3 × × × × × × ×

HH49 2 × × × × × × ×

HH50 1 × × × × × × × × × ×

HH51 3

HH52 2 × × × × × × ×

HH53 2 × × × × ×

HH54 1 × × × ×

HH55 2 × × × × × ×

HH56 2 × × × × × × × ×

HH57 2 × × × ×

HH58 2 × ×

HH59 2 × × × × × × ×

HH60 4 × × × ×

HH61 4 × × × × × × × ×
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3.6.  

⇔√ 61 ─ ─ ╩ ⌐ ∆⁹ 
 

3.6.1.  

◦Ⱶꜙ꜠כ◦ꜛfi │ 2,500kWh/ ה ⅛╠ 5,500kWh/ ה ⁸

50ꜞ♇♩ꜟ/ ⅛╠ 650ꜞ♇♩ꜟ/ ─ ⌐ ⌐ ∆╢⁹Ⱳꜞꜙכⱶ♂

│fiכ 4,000kWh/ ה ⁸ │ 300ꜞ♇♩ꜟ/ ≢№╡⁸

│ 2 ⅜ ╙ ™⁹ │ ⅜ ≢№╢⅜⁸▪fi◔כ♩ ─

⅛╠ ⁸ ╙ ⌂ ⌐ ═ ™⁹ 
─ ≤ ∂ↄ⁸ ⅜ ∆╢≤ ⁸ ⁸ ≤╙

∆╢⁹CGS◦☻♥ⱶ─ ⌐ ╦╢ / │ ⅜ ⅝ↄ

⌂╢╒≥ ⅝ↄ⌂╢⁹⌂⅔⁸↓↓≢ ∆ │ ⁸ ⌐ ⅝─╖─ ⌐ ↕

╣╢ ⌐ ↕╣√™⁹ 
⌐╖╢≤⁸ ⁸ ∕╣∙╣≢⁸ ─ ⅜ ╟╡

⅜ ⅝ↄ ∆╢⁹ ⁸ ⌐≈™≡│ ↔≤─┌╠≈⅝⅜ ⅝™╙─

─⁸ ≢ ⇔√ ╡ ─ ─ ⅛╠⁸ ╒≥ ⅝⌂ │ ╠╣

⌂™⁹ ⌐◄Ⱡꜟ◑כ ⌐ ╘╢ ─ │ ─ ⅜ ⅝ↄ⌂╢⁹ 
 

 3.6  

 
 
  

1 1 0 0 0 0

0 0 1 1 0 0

2 1 0 1 0 0

4 1 2 0 0 0

1 3 3 1 1 0

1 4 1 6 4 0

0 1 3 2 0 0

0 1 1 5 2 1

0 0 1 0 3 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 1 0 0
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 3.7  

 
 

 3.8  

 

 

 
 3.34  

 

15 3,170 236 2,454 213 77%

25 3,852 305 3,170 276 82%

12 4,078 365 3,791 330 93%

9 4,600 464 4,816 419 105%

61 3,839 324 3,359 292 86%

6 2,756 222 2,302 200 84%

9 3,447 246 2,555 222 74%

6 3,408 275 2,854 248 84%

12 4,024 305 3,171 276 79%

28 4,210 389 4,032 351 96%

61 3,839 324 3,359 292 87%

0
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2,000

3,000

4,000

5,000

6,000

7,000
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kW
h/
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 3.35  

 
  

0
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 3.9 ,  

 

  

1 2,562 65
1 2,604 215
1 2,772 167
1 2,777 245
1 2,788 203
1 3,031 239
1 2,724 204
1 2,802 115
1 2,925 217
1 3,128 65
1 3,668 306
1 3,675 148
1 3,715 217
1 3,780 223
1 4,606 289
2 2,941 270
2 3,066 153
2 3,261 306
2 3,343 183
2 3,414 276
2 4,425 314
2 3,074 273
2 3,327 329
2 3,631 366
2 3,955 165
2 3,985 299
2 4,090 278
2 4,149 290
2 4,286 261
2 4,322 244
2 4,338 164
2 4,529 265
2 4,606 289
2 3,287 300
2 3,381 310
3 3,409 395
2 3,453 227
3 3,593 386
4 3,743 466
3 3,872 339
2 3,886 297
3 3,892 121
3 4,000 373
3 4,033 411
2 4,073 288
3 4,151 359
4 4,227 432
3 4,265 414
3 4,282 343
4 4,341 355
3 4,444 344
3 4,463 100
4 4,472 570
3 4,530 383
2 4,557 278
4 4,730 408
4 4,822 318
4 4,847 420
2 4,912 369
4 4,945 425
4 5,277 362

1 2,562 65
1 2,772 167
1 2,788 203
1 2,604 215
1 3,031 239
1 2,777 245
1 3,128 65
1 2,802 115
1 3,675 148
1 2,724 204
1 2,925 217
1 3,715 217
1 3,780 223
1 4,606 289
1 3,668 306
2 3,066 153
2 3,343 183
2 2,941 270
2 3,414 276
2 3,261 306
2 4,425 314
2 4,338 164
2 3,955 165
2 4,322 244
2 4,286 261
2 4,529 265
2 3,074 273
2 4,090 278
2 4,606 289
2 4,149 290
2 3,985 299
2 3,327 329
2 3,631 366
3 4,463 100
3 3,892 121
2 3,453 227
2 4,557 278
2 4,073 288
2 3,886 297
2 3,287 300
2 3,381 310
4 4,822 318
3 3,872 339
3 4,282 343
3 4,444 344
4 4,341 355
3 4,151 359
4 5,277 362
2 4,912 369
3 4,000 373
3 4,530 383
3 3,593 386
3 3,409 395
4 4,730 408
3 4,033 411
3 4,265 414
4 4,847 420
4 4,945 425
4 4,227 432
4 3,743 466
4 4,472 570
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3.6.2.  

 ─ ⁸ ─ ╩ ⌐ ∆⁹ ≢ ⇔√ ≡ ─ HEMS
⌐♃כ♦ ═╢≤⁸ ─ ⅜ ↕™↓≤⅜ ≤™ⅎ╢⁹ 
 

 3.10  

 
 

 
 3.36  

 

6 9 6 12 28 6 9 6 12 28

2014 1 31 5.8 306 306 317 361 400 284 274 311 341 397

2014 2 28 6.3 269 273 275 322 351 253 242 275 303 355

2014 3 31 9.3 279 283 285 331 354 254 243 277 306 358

2014 4 30 14.2 220 229 230 262 261 207 199 226 249 291

2014 5 31 18.2 227 236 237 271 269 182 174 198 218 254

2014 6 30 21.9 241 256 256 301 299 146 139 158 175 205

2014 7 31 27.1 342 362 364 428 439 107 103 117 129 150

2014 8 31 28.3 369 394 390 465 478 98 93 106 117 137

2014 9 30 23.5 253 267 269 318 318 133 127 145 159 186

2014 10 31 17.9 227 236 237 271 269 183 176 200 220 257

2014 11 30 13.0 220 229 230 262 261 217 209 236 260 304

2014 12 31 7.9 309 311 316 367 405 267 256 291 321 374

3,262 3,383 3,408 3,959 4,105 2,329 2,235 2,539 2,799 3,268
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 3.37  

 

 
 3.38   
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30%
35%
37%

48%
27%
38%

20%
25%

28%
53%

33%
43%

26%
30%
33%

11%
27%
16%

32%
26%

25%
10%
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17%
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3.6.3.  

 ─ ─ ⁸ ─ ╩ ⌐ ∆⁹⌂⅔⁸

─ │ ⌐ ∆╢⁹ ⌐ ─ ╩ ∆╢⁹ 
 
  

 ⌐ ⅜ ↕ↄ⁸ ⌐ │ 5 ☿◓ⱷfi♩ ≢ ╙ ↕ↄ⌂╢⁹╕√⁸

⅛╠ ⌐⅛↑≡─ │ ⌐ ∆╢ ⅜ ╠╣╢⁹ │ 21 ⁸╕

√│ 23 ⌐ ∆╢⁹ 
 

 
 3.39 (  

 
  

 │ ⌐ ═╢≤ ⅝™⁹ │ ↔≤─ ⅜ ⅝ↄ⁸

─╖ ∆╢ ⌂≥⁸Ᵽꜞ◄כ◦ꜛfi⌐ ╗⁹ ≈─ ≢╙ ⌐ ─

⅜ ∆╢ ⅜№╢⁹ ⅛╠ ⌐⅛↑≡─ │╛╛ ™⁹ 
 

 
 3.40 ( ) 
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 ⌐ ⅜ ₁⌂ ⌐ ⇔≡⅔╡⁸ ≢ ╢≤ ─ ┼─

│ ╠╣⌂™⁹ │ ⌐◦ꜗ꞉כ╩ ∆╢ ⅜ ™↓≤╛⁸ ™⁸

⌂≥⌐ ∆╢ ⅜ ╟╡ ∆╢√╘⁸ ─ ⅜ ⅝™⁹

≢ ≤ ∂ↄ⁸21 23 ─ ─ ⅜ ⅝™ ╙ ╠╣╢⁹ 
 

 
 3.41 (  

 
  

 ─ ⅜ ⅝ↄ⁸ ─ ╟╡ ─ ⅜ ↕™↓≤⅜ ≢

№╢⁹ │ ⅛╠ ⌐ ⇔≡⅔╡⁸ ╟╡ ™ ⌐ ∆╢⁹  
 

 
 3.42 ( ) 
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 ⅜ ─ ╟╡ ⅝ↄ⁸ ⁸ ≤╙ ⅝™⁹ ─

─ ⅜ ⅝™╙──⁸ ─ ─ ⅜ ⅝™ ╛⁸20 ⌐ ⅝

⌂ ⅜ ∆╢ ⅜ ™⁹ 
 

 
 3.43   
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3.7.  

≢│⁸ ╩ ≤⇔√▪fi◔כ♩ ╩ ™⁸ ╛

─ ∆╢ ⁸ ⁸ ⁸ ─ ⁸ ⁸ ─ ╩

╠⅛⌐⇔√⁹ ╠╣√ ╩ ⌐ ∆╢⁹ 
 

 

¶ │ ⌐ ═ ⁸ ≤╙ ⅜ ™⁹ 
¶ ⅜ ─ ⌐ ⁸ ⅜ ∆╢─⌐ ⇔⁸ │ ↔≤─

┌╠≈⅝⅜ ⅝™⁹ ⌐ ⁸ ─ │ ⁸ ─ ⅜ ⅝ↄ⁸

│ ≥ ⌐ ╩ ⇔⌂™ ⅜ ≢⅝√⁹ 
 

 

¶ ╡ │ ≢│ ⁸ ⁸ ─ ⌐ ↄ⌂╢⅜⁸ ≢│ ⁸

⁸ ─ ≤⌂╢⁸ ≢│ ─ ⅜╒≤╪≥ ╠╣⌂™ ⁸ ⌐

⅜ ⌂╢⁹ 
¶ ╩ ╢≤⁸ ╛ ─ ⌂ ≤ ⌂╢ ╙ ↄ⁸

─ │ ↔≤─┌╠≈⅝⅜ ⅝™↓≤⅜ ↕╣√⁹ 

 

 

∂ ⁸ ⁸ ─ ⌂≥ ≢№∫≡╙⁸ ∂ ⌐ ∆╢ ─

⌐╟∫≡ ☻♃▬ꜟ⅜ ∆╢ ⅜ ╠╣√⁹ ⅎ┌ ⅜ ↄ⁸ ─ ⅜

™ ≢│≥∟╠⅛─ ─ ⁸ ⁸ ⌂≥─ ⅜ ↄ⌂╢⁹ 

 
 ≢│↓╣╠─▪fi◔כ♦♩כ♃╩ ⌐⁸ ─ ╩ⱬכ☻≤⇔≡

ⱪ꜡◓ꜝⱶ╩ ⇔⁸61 ─◦Ⱶꜙ꜠כ◦ꜛfi ╩♃כ♦ ⇔√⁹ ≢│⁸

↓─ ╩♃כ♦ ∆╢◦Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ╩ ∆╢⁹ 
  



91 
 

4.  

4.1.  

≢│⁸ ⌐⅔↑╢HEMS♦כ♃ ┘ ─ ♃כ♦─ ╩

™⁸FCCGS ─ ╩ ╠⅛⌐⇔√⁹ │ PEFC ╩ ≤⇔√ ∞⅜⁸SOFC
╙ ⌂ │ ∂≢№╡⁸ │ PEFC ╟╡◦fiⱪꜟ≢№╢↓≤⅛╠⁸PEFC
─ ╩♃כ♦ ⌐ PEFC─⸗♦ꜟ ╩ ╘⁸ ⇔√⸗♦ꜟ╩ SOFC─ ⌐ ∆

╢↓≤≢ 2 ─ FCCGS ⌐ ⇔√◦Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ─ ⅜ ≤ ⅎ╠

╣╢⁹ 
≢│⁸ ─ ⌐ ≠⅝⁸FCCGS─⸗♦ꜟ ╩ ™⁸ ⌂ ⁸

╩ ™≡ ╩ ℮⁹ 
 

4.2.  

 ≢ ═√ ╡⁸2000 ⅛╠ 2017 ⌐ ╢╕≢⁸FCCGS│ ─

⅜ ≤⌂ↄ ╦╣≡⅔╡⁸ ╙ ─ ─ ⌐ ™ꜚ♬♇♩─ ⅜ ₁

⇔≡™ↄ╙─≤ ⅎ╠╣╢⁹╕√⁸ ≢─ ⌐ ╕╠∏⁸

⁸ ⁸ ⌂≥≤™∫√ ─ ≤─ ⌐≈™≡╙ │ ≥ⱴכ♥⌂

⌂╢↓≤⅜ ↕╣╢⁹↓─╟℮⌂ ⁸ ⌂☻Ɑ♇◒ ⌐ ╕╠∏⁸ ⁸

∕─ ─ ⌂≥≤™∫√ FCCGS ꜟכꜙ☺⸗─ ╛⁸╟╡ ⌂◦☻♥ⱶ─

≤⇔≡ ≢⅝╢╟℮⌂ⱪ꜡◓ꜝⱶ─ ⅜ ╕⇔™⁹∕↓≢ ≢│⁸

VisualBasic⌐╟╢ⱪ꜡◓ꜝⱶ ⌐○Ⱪ☺▼◒♩ ─ ╩ ⇔⁸◦☻♥ⱶ╩ ∆

╢ ╩○Ⱪ☺▼◒♩◒ꜝ☻≤⇔≡ ∆╢↓≤≢⁸ⱪ꜡◓ꜝⱶ─ ⁸ ╩

╘╢╟℮ ↑√⁹ⱪ꜡◓ꜝⱶ ─ ╩  4.1⌐ ∆⁹ 
 

 4.1  
   

 Visual Studio Community 2015  
 Visual Basic(.Net ♃כ♦ ( ⌐ Python3╩ ™

╢⁹ 
 1 60  ≢  

─ │ ─

≢№╢ №╡ 
 SOFC(1 ,1 ) 2 3  

PEFC(1 ,1 ) 15 20  
 

♃כ♦  ⁸ ⁸
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4.3.  

 ⱪ꜡◓ꜝⱶ⁸ ⱪ꜡◓ꜝⱶ│∕╣∙╣ ⇔√⸗♦ꜟ≤⇔≡ ⇔≡⅔

╡⁸ ⅎ┌ ─ ╩♃כ♦ ⇔≡ ⱨ□▬ꜟ╩ ⇔≡╙◦Ⱶꜙ꜠כ◦ꜛ

fi │ ≢№╢⁹ ⱴ♇ⱪ♃כ♦⌂ ⌐≈™≡│ ─ ╩ ↕╣√™⁹ 
 ◦Ⱶꜙ꜠כ◦ꜛfi─ ╩  4.1 ⌐ ∆⁹ ≢ ⇔√▪fi◔כ♩ ⁸

NHK ─ ╩♃כ♦ ⌐⁸ ⱪ꜡◓ꜝⱶ⅜ 15
─ ⁸⅔ ─ ╩♃כ♦ ∆╢⁹╕√⁸ │√╕⁸♃כ♦

─ ╠⅛♃כ♦ ╩ ∆╢≤≤╙⌐⁸ ─ ⅛╠ ─

╩ ℮⁹ ─ ⌐ ≠⅝⁸FCCGS◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸1 ─ FCCGS
⁸♃כ♦ ┘⌐◄Ⱡꜟ◑כ ╩ ∆╢⁹ 

 ⱪ꜡◓ꜝⱶ│ Visual Basicⱨ◊כⱶ▪ⱪꜞ≤⇔≡ ↕╣≡⅔╡⁸ ⌐╟╢

─ ╛⁸ ⱨ□▬ꜟ╩ ™√ ─☻כ◔ ⅜ ≢№╢⁹ ⌐ⱪ꜡◓ꜝⱶ

ⱴ♬ꜙ▪ꜟ⁸⅔╟┘ ⌂ ⁸ ♪כ◖☻כ♁ ╩ ∆╢⁹ 
 

 
 4.1  

  

SOFC

Visual Basic (.Net)

15

15

1
SOFC

NHK
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4.4.  

  

 ⱪ꜡◓ꜝⱶ─ ╩ ⌐ ∆⁹ ⌐ ∂≡ ↕╣╢ ─♃כ♦ ╩

™⁸ ↕╣╢ │ ⌐ 1 ⌐♃כ♦ ↕╣╢⁹⌂⅔⁸ ⌐♃כ♦

│ ─ ⁸ ⁸ ⱴ▬◖fi ─ │ ╕╣⌂

™⁹ │♃כ♦ 1 √╡─ ≤∆╢⁹ ─ │ 20 65ϴ≢№
╢⁹ 
 

 4.2  

 

 
4.5.  

4.5.1.  

FCCGSⱪ꜡◓ꜝⱶ│○Ⱪ☺▼◒♩ ─ ⌐ ≠™≡ ↕╣⁸FCCGS╩ ○Ⱪ

☺▼◒♩≤⇔≡ ⇔⁸∕─ ⌐ ╩ ∆╢◘Ⱪ⸗☺ꜙ⁸ꜟ♦⸗─ꜟכ ┘⌐⸗☺ꜙ

ꜟכ ╩ ∆╢⸗♦ꜟ╩ ∆╢ ≤⇔≡™╢⁹ ⇔√ FCCGS ◒ꜝ☻⅛╠ ⌐

∂≡▬fi☻♃fi☻╩ ⇔⁸ ─ ╩♃כ♦ ∆╢ ─▬fi☻♃fi☻≤ ─

╩ ℮↓≤≢ ─ ╩ ⇔≡™╢⁹↓─ ⌐╟╡⁸ ⁸ ─ ╖

╦∑ ╩ ⇔≡™╢⁹ ╩ ⌐⁸ ─ ─ ≤ⱪ꜡◓ꜝⱶ ─○Ⱪ

☺▼◒♩ ─ ─ ╩  4.2 ⌐ ∆⁹╕√⁸ ≢│ ≤⌂╢ ≢─

FCCGS◦Ⱶꜙ꜠כ◦ꜛfi╩ ≤⇔≡⁸ ─○Ⱪ☺▼◒♩─ ╩ ∆╢⁹ 

Unit

0

1

2

3

4

5
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 4.2 

FC-UnitWeather Household

CellStack_Unit

Radiator_Unit

Tank_Unit

[ϴ]

[W]

[ϴ]
βTwoCell

[ϴ], 
[L/min]

βTwoDmd,VwDmd

[ϴ], 
[L/min]

βTwoSup,VwSup

[W]
βElDmd

[W]

[W]

[W], 

TwoTank TwoSup

TwiPub

TwDmdTwoCell

TwoTank

TwiCell

VwPubVwCell TwTank
(8)

TwTank
(1)

VgCell VgBB

TwTank
(2 7)
TwTank
(2 7)
TwTank
(2 7)

VwDmd

ElDmdElSup

TOA
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4.5.2.  

4.5.3.  

  

 ⌂ ⅝ C, Fortran ⌐╟╢ⱪ꜡◓ꜝⱶ ─ ⌐│⁸ ⱨ□▬ꜟ

╩ ╖ ╗ Fortran≢│ open -> read ⌂≥╩ ™⁸ ─ ⁸

╩♃כ♦ ∆╢↓≤⅜ ™⁹ ◘fiⱪꜟ◖4.1 ♪כ  
 ≢│ ⌐ ≠ↄ ╩∆╢ ⅛╠⁸ ─ⱪ꜡◓ꜝⱶ ─ ⌐

⅔↑╢ ╩♃כ♦ ∆╢ ⅛╠⁸ ⱨ□▬ꜟ≤ⱪ꜡◓ꜝⱶ ─ ─╛╡ ╡

╩ ∆╢ ◒ꜝ☻╩ ⇔≡™╢⁹◒ꜝ☻─ ⁸ ┘⌐ ─ ╩  
4.3⌐ ∆⁹ 
 

 4.3 Dmd_Unit  
   

 

 

Itint 1

 

 

TgtDt [  

 

 

 

 

 TgtDt [  

 

 

 [  

 

 

 [  

 

 

  

 

 

 Get_  

 

 

× × 

  

 

 

 

 

 

 

 

TgtDt Date  
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 4.1  
S  

‘  

 

 D “ … ” 

 ‘  

‘  

 

 ‘  

   ‘  

   ”,”) ‘  

   ‘ ‘ 

   ‘  

‘  

   ‘ ‘ 

  

  

 

 

GOTO  
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 FCCGS  

 ∆╢ FCCGS ─ ⸗♦ꜟ╩  4.3 ⌐⁸ⱪ꜡◓ꜝⱶ⌐⅔↑╢ ─▪►♩ꜝ▬fi╩

 4.4⌐ ∆⁹FCCGS│ ꜚ♬♇♩⁸ ♃fi◒⁸ Ⱳ▬ꜝכ⌐╟∫≡ ↕╣⁸

♃fi◒⅛╠ ꜚ♬♇♩⌐ ⅜╢ ⁸ ♃fi◒⅛╠ Ⱳ▬ꜝכ⌐ ↕

╣╢ ≢ ⅜ ↕╣≡™╢⁹ Ⱳ▬ꜝꜚ♬♇♩│ ⌐ ∂√ ─ ⁸

╕√│ ⅝─╖─ ╩ ⇔⁸ ┼ ↕╣≡™╢⁹ ≢◘Ⱪ◒ꜝ☻─

╩ ∆╢⁹ 
 

 

 4.3 FCCGS  
1  PEFC  
2: 

 

2  

1  
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 4.4 FCCGS , 1

FCCGS

1

CellStack_Unit

Radiator_Unit

-

TWV_Unit

BackupBoiler_Unit

Storage_Tank_Unit

, 
, 

,

,
FC ,

,

,

,

FCCGS
(FC_Unit)

1

1

2

2

3

4

5

6
7

8

109

1 2 

3 
 
4 5 6 7 

8 

9 
 

10 
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 ꜚ♬♇♩│ ●☻⁸ⱪ꜡Ɽfi●☻ ─ ╩ ●☻⌐ ⇔⁸ ⌐╟╢

⁸ ╩ ℮ꜚ♬♇♩≢№╡⁸ ה ╩ ℮ ⁸ ♃fi◒⌐ ↕╣√ ⌐ ∆╢

ꜚ♬♇♩⁸ ╩ ─ ⌐ ה ∆╢▬fiⱣכ♃כ⅛╠ ↕╣≡™╢⁹ 
↕╣√ │▬fiⱣכ♃כ⌐╟╡ ⅛╠ ⌐ ↕╣⁸ ─ ─ ⁸╕√│

─ ─ ⌐ ↕╣╢⁹ ─ ≢│⁸ Ⱪ꜠כ◌כ⅛╠ ≡ 2 ⌐ 200V
Ⱪ꜠כ◌כ≤⇔≡ ⇔≡™╢⁹ ─ ⌐ ∆╢≤≤╙⌐⁸ Ⱪ꜠כ◌כ╟╡

⌐ ∆╢↓≤│ ≢⌂™√╘⁸ ─ ╩ ∆╢↓≤⅜ ≢№╢⁹ ─

│ ⅛╠─ ⌐╟∫≡ ╦╣╢⁹ 
│ ♃fi◒⅛╠ ↕╣√ ─ ╩ ⇔≡ ♃fi◒ ┼ ↕╣╢⁹

♃fi◒⅛╠ ≡ ╡ │ 65ϴ≢ ↕╣≡⅔╡⁸

♃fi◒⅛╠ ≡ ⅝ ⁸ ⌐╟╡ ⅜ ∆╢ ≢№

╢⁹ 
─ ⁸ ⇔≡ ⌂ ⌐│ ⅜№╡⁸PEFC≢│ 20 ⁸SOFC≢│ 28

≢№╢⁹ ⁸ ⌐│ ─ ⅜ ≢№╡⁸PEFC≢│ ⅛╠ ╕≢ ≢ 1
⁸SOFC≢│ 1 ─▬fi♃כⱣꜟ⅜ ∆╢⁹⌂⅔ PEFC│ 1 ─ ⅜ 2 ╕≢⌐

↕╣≡⅔╡⁸ ₁ ≢ ⇔√ HEMS♦⁸≥╢╟⌐♃כ ─ ≢│ 1 ⌐ 1 ─ ≤⌂∫≡

™╢⁹ 
PEFC│ ⁸ ╩ ─◄Ⱡꜟ◑כ ─ ⌐♃כ♦ ≠⅝⁸ ⌐╟∫≡

⌐ ∆╢ ⅜ ╦╣╢⅜⁸ ⌂ │ⱷכ◌כ⅛╠ ↕╣≡⅔╠∏⁸ │ ≢№╢⁹

≢│ ≢ ™╠╣√ ╩ ≤⇔⁸ ⁸ ─ √╡ ╩ 1 ↔≤

⌐ ™⁸ ╙ ◄Ⱡꜟ◑כ ⅜ ╩☻כ◔╢╣ ⇔≡™╢⁹ 
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◒ꜝ☻─ ╩ ⌐ ∆⁹ ─ SOFC⁸PEFC─ │ ─ ≢№╢⁹ 
 4.4  

  ─  SOFC PEFC 
 W ─  700W 750W 
─ 

 
% ╩ ⇔≡™╢ ─

/ ─ ≤●☻

─  

46% 36% 

─ 
 

% ⌐╟∫≡ ∆╢

 
βⱪ꜡◓ꜝⱶ ≢ ╩

≤∆╢ ⌐╟∫≡ ↕╣

╢⁹ 

⌐

╟╢ 
⌐

╟╢ 

─ 
 

% ╩ ⇔≡™╢ ─

♃fi◒⅛╠ √

≤●☻ ─

 

31% 51% 

─ 
 

% ⌐╟∫≡ ∆╢

 
βⱪ꜡◓ꜝⱶ ≢│

─ ≤ ∂ↄ⁸

╩ ≤∆╢ ⌐╟╡

↕╣╢⁹ 

⌐╟

╢ 
⌐╟

╢ 

─

 
W/  ─ ⌐ ⇔≡≥╣╒≥

─ ≢ ╩ ≢⅝╢⅛╩

∆ ⁹ ◐ꜗ♇♅▪♇ⱪ

─ ╩ ⁹ 
─ ⌐ ⇔≡│ ⌐

≢⅝╢╙─≤∆╢⁹ 
β√∞⇔ ─ ≢│↓

─ │ ╩ ⅎ≡™╢≤│

™ ™⁹ 

5.0W/  2.0W/  

 

 
 4.5 FCCGS  

  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

[%]

LoadFactor of Electric Power Generation[%]

Efficency(H
eat)

35%36%
25%

48%
42%

50%

35%
50%

44%
25%

0%

10%

20%

30%

40%

50%

60%
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

[%]

LoadFactor of Electric Power Generation[%]

Efficiency(H
eat)

46%
40%

50%
27%

25%
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 ─ ⁸ ┘⌐ ⱨ꜡כꜗ♅כ♩╩ ⌐ ∆⁹ ⁸ ≤╙⁸ ╩

≤∆╢ ⌐╟∫≡ ↕╣╢⁹ ♃▬ⱶ☻♥♇ⱪ─ ◘Ⱪꜟכ♅fi╩  4.6 ⌐⁸ ꜟ

─fi♅כ ╩  4.7⌐⁸ ꜚ♬♇♩─ ╩  4.8⌐ ∆⁹ 
 
ₒ ─ ₓ  

SOFC│ ⅜ PEFC╟╡ ↄ⁸ ≢ 46%(HHV)⌐ ∆╢⁹PEFC│ ─ │

36%(HHV)≤⌂╢⁹ ⌐ ⇔√ ╡⁸ ⅜ 40%⌐ ∆╢╕≢ ≤ ─ ╩

≢⅝╢⁹ │ PEFC≢ 51%⁸SOFC≢ ⌐╟╠∏ 31%≤⌂╢⁹ 
 ≢─ ⁸◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ═⁸PEFC ─ ⁸ ⁸SOFC ─
│ ⅝⌂ │⌂™⁹ SOFC─ │⁸ ≢│ 41% ≤ ⌂⇔⁸ ∂ↄ

⌐╟╠∏ ≤∆╢ ⅜ ╠╣╢⁹ ≢│28ꜞ♇♩ꜟ♃▬ⱪ─ ♃כ♦

⅛╠ ⇔√ ╩ ™╢⁹ 
 
ₒ ⱨ꜡כꜗ♅כ♩ₓ 
 ≢ ⇔√ ╡⁸ │╠⅛♃כ♦ ─ ⌐ ⇔ ⅜ ╣╢ ⅜ ≢⅝√⁹ 
╟╡ ⌂ ⌐│ Ɽ♃כfi─ ⅜ ≤ ⅎ╠╣╢⅜⁸ ≢│ ─ ╣╩ ⇔⁸

≈ ─ ⌐⅔↑╢ ≤ ≤ ─ ╩ ⅎ≡ ─ ╩ ∆╢◘Ⱪ

╩fi♅כꜟ ⇔√⁹⌂⅔⁸ │ ≤ ⌂⇔≡™╢⁹ 
 

LF =
Ὁ𝐸𝐸
Ὑ𝑅𝑅𝑅𝑅  ,Ὁ𝐸𝐸 = 𝐹𝐹𝐹𝐹έ𝐹𝐹𝐹𝐹Ὤὥὶὸ(Ὠ1Ὁὰ ,Ὑ𝑅𝑅ὰ ,Ὁὰ , Ὅ𝐼𝐼Ὥὲ𝐼𝐼) 

EfRate =
0.6868 × ὒὊ 1.6829 × ὒὊ + 1.4601 × ὒὊ ỄỄỄ (Ὓὕ𝑆𝑆𝑆𝑆)

0.36 (ὒὊ 0.4)
2.3 × ὒὊ + 2.368 × ὒὊ + 0.1876 (ὒὊ < 0.4) ỄỄỄ (ὖ𝑃𝑃𝑃𝑃𝑃𝑃)

 

ὉὪ𝐸𝐸𝐸𝐸𝐸𝐸Ὡ =
0.309 ỄỄỄ (Ὓὕ𝑆𝑆𝑆𝑆)

5.12 × ὒὊ 3.616 × ὒὊ + 1.0272 (ὒὊ 0.4)
0.125 × ὒὊ + 0.355 (ὒὊ > 0.4) ỄỄỄ (ὖ𝑃𝑃𝑃𝑃𝑃𝑃) 
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 4.6  

 

 4.7  

ElSupMax = d1ElSup+vElCatchUp*Itint (RElSup
RElSup )

ElSupMin 150  (PEFC)
ElSupMin 0 SOFC

ElDmd > ElSupMax

d1ElSup:Itint [w]
RElSup [W]
ElDmd [W]
Itint [ ]

ElSup = ElSupMax

ElDmd < ElSupMin

ElSup = ElDmdElSup = 0

True
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 4.8  

 
 

Two

Twi

Vw

ElSup ElUse

ElDmd

GasUse
FC

HtSup

LF EfRate

FCCGS
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ₒ ꜚ♬♇♩ ⱨ꜡כꜗ♅כ♩ₓ 
 ꜚ♬♇♩│⁸ ⱨꜝ◓ IStatus ⌐╟∫≡ ⌐ ∆╢ ⁸ ◄Ⱡꜟ◑כ ⅜ ∆╢⁹ ≢│⁸ ⌐ ∆

≢≥↓╢∆ⱪכꜟ╩fi♅כꜟ ─ ╩ ∆╢⸗♦ꜟ≤⇔√⁹ 
 

 
 4.9  

 

1 2 3 4 5 

F

T(Yes)

F(No)

F(No)

F(No)

T(Yes)

T(Yes)

0

PEFC 20
SOFC 28

PEFC/SOFC PEFC/SOFC

PEFC SOFC
30

0 0

PEFC 3
SOFC 23

0

T(Yes)

T(Yes)

F(No)

F(No)

T(Yes)

F(No) T(Yes)

F(No)

T(Yes)

(Timer_Unit)

1 

5
4

SOFC

PEFC

SOFC

PEFC

F(No)

T(Yes) T(Yes)

F(No)
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 4.5 CellStack_Unit  
   

)  

 

 

Itint 1

 

 

“ ”. ” ”

 

 

“ ” ” ”

 

 

FCCGS

 

 

 

 

 

 

1 

 

2 

 

3 

 

4 

 

 

 

 

 

TgtDt  

 

 

 

 

95%

 

 

 

 

 

 

  

 

FCCGS

0

 

 

 

TgtDt Date  
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 4.10  

  

0

0

YES NO
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 ⌂⅔⁸PEFC ─ ─ ≤⇔≡⁸ ⌐ ⌐ ∆ ☻♥♇ⱪ⌐╟╡ ─

⁸ ─ ╩ ∫√⁹ │ ☻♥♇ⱪ≢ 1 ↔≤⌐ ⁸

╩ √╡ ⇔⁸ ╙ ◄Ⱡꜟ◑כ ⅜ ↕ↄ⌂∫√◔כ☻ ⁸∕─

☻♥♇ⱪ⌐⅔™≡⁸10 ≢ ☻♥♇ⱪⱬ☻♩◔כ☻─ 1 ╩ ⇔⁸

╩☻כ◔ ∆╢╙─≢№╢⁹ 
 

Start

( )×60 +

(
)

( ) ( )

End

( )

( )

( )(
)

( )

( )
102

( ) ( )

( ) ( )

(
)

( ) ( )

( )

( )

 
 4.11 PEFC  
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ₒ⸗♦ꜟ─ ₓ 
♃fi◒⸗♦ꜟ│ ─ ↕⌐╟∫≡ 8 ⇔⁸ ≢ ⌐╟╢ ⁸⅔

╟┘ ╩ ∆╢⸗♦ꜟ≤⇔√⁹ ⁸ │ ↕ 20%∏≈╩ ╡ ≡⁸ ─ │

∂ ≢ 6 ⇔≡™╢⁹ ⁸ ╩∕╣∙╣ ≤∆╢⁹⸗♦ꜟ│ ⌐

⁸ ꜚ♬♇♩ ≤ ⁸ ⁸ Ⱳ▬ꜝכ ≤ ↕

╣≡™╢⁹♃fi◒ ─ ─ ╩  4.12⌐ ∆⁹ ─⸗♦ꜟ≢│ ⇔

⌂™ ─ ─√╘⁸ Ⱳ▬ꜝכ≤─ ╩ ∆╢ ╙ ╠╣√⅜⁸

≢│ ╦⌂™⁹╕√⁸ ─ ≢│ ⁸ ™ ⅝ ─ ⌐ ⇔√

╩ ∆╢ ╙№╢⅜⁸ ≢ ≤⇔√⸗♦ꜟ≢│ PEFC⁸SOFC≤╙ ↕╣≡™⌂™⁹

─ ≢│ ⌐ ╩כ♃כ◄☺ꜝ─ ∆╢⁹ ≢│ SOFC ─╖
↕╣╢╙─≤∆╢⁹ 

 

 

 4.12  
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ₒ ⱪ꜡◓ꜝⱶ ─ ™ₓ 
ⱪ꜡◓ꜝⱶ≢│⁸FC_Unit◒ꜝ☻ ─◘Ⱪ◒ꜝ☻ StorageTank_Unit≤⇔≡ ↕

╣≡™╢⁹ 
◒ꜝ☻─ ⁸ ─ ╩  4.6⌐⁸ ⌐ ▬fi♃כⱣꜟ

≢│ 1 ↔≤⌐ ↕╣╢ ─ⱨ꜡כꜗ♅כ♩╩ ⌐ ∆⁹ ≢

∆╢ │⅔⅔╗⌡ 5 ꜞ♇♩ꜟ/ ⅛╠ 20 ꜞ♇♩ꜟ/ ╕≢─ ⌐ ⇔≡⅔╡⁸

≢ ═╢ ≢│↕╠⌐ │ ╕╢⁹↓─╟℮⌂ ≢│⁸ ▬

fi♃כⱣꜟ≢ ─ ╩ ─ ⅜ ∆╢ ⅜ ⅎ╠╣╢⁹∕─√╘⁸

⅜ ⅝™ │⁸ ☻♥♇ⱪ≢ ∆╢ ─ ⅜ ─ ─ 10% ⌐ ╕

╢╟℮⁸ ▬fi♃כⱣꜟ╩ ⌐ ⅛ↄ ⇔≡ ∆╢⁹⌂⅔⁸ ⸗♦ꜟ─

⁸ ≤⇔≡ כ♃כ◄☺ꜝ⁸⅜╢∆ ⁸♃fi◒ ⅛╠─ ⁸ ꜚ

♬♇♩⅛╠─ ⁸ ┼─ │ ⌂ ≤│⌂╠⌂™↓≤╩ ↕╣√

™⁹ 
 

 4.6 StorageTank_Unit  
   

)  

 

 

Itint 1

 

 

“ ”. ” ”

 

 

“ ” ” ”

 

 

 

 

 

[  

[  

[

 

 

 

 

 

 

 

TgtDt  

 

 

 

 

  

 

 

 

 

 [  

 

 

 

 

1 0

 

 

  

 

0  

 

 

TgtDt Date  
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ₒ ─ ╣ₓ 
▬fi♃כⱣꜟ⌐ 1 ⅜ ╦╣╢⁹ ─ ─ ╣╩ ⌐ ∆⁹

╕√│ ⌐ ╡ ⁸ Ⱳ▬ꜝכ

⅜⁸ ▬fi♃כⱣꜟ↔≤⌐ ⌐ ╢ ⌐ ⁸

⁸ ⁸ ⁸ ⅜ ↕╣≡™╢╙─≤∆╢⁹ 
 
☻♥♇ⱪ≢│ ⁸♃fi◒ ─ ⅝ ⁸

⅛╠ ─ ╩ ∆╢⁹↓─ ♃כ◄☺ꜝ

╢№⅜כ ╢╟⌐כ♃כ◄☺ꜝ│ ╩ כ♃כ◄☺ꜝ⁸⇔ ╩ ⇔√ ⁸

⅝ ╩ ⇔≡ ╩ ℮⁹ 
 

☻♥♇ⱪ≢│ ⁸ ⁸ ♃fi◒ ⅛╠ ♃

fi◒⅛╠─ ♃fi◒ ╩ ╢⁹↓─ ⁸ ⁸ ⁸

⁸1⅛╠ 8 ─ ⅔╟┘ ─ ⅛╠ ╩ ⇔⁸ ⅜

95%╩ ∆╢ │ ꜚ♬♇♩┼ ╩ ∆╢⁹⌂⅔⁸⸗♦ꜟ─ ↓─

│ SOFC≢│ ⇔⌂™⁹ 
 

☻♥♇ⱪ≢│⁸ ☻♥♇ⱪ≢ ⇔√ ─ ⁸ ☻♥♇ⱪ≢ ⇔√

─ ⁸ ⅛╠ ╩ ⇔⁸ ≢ ╩ ℮⁹ 
 
 

 
 4.13  

 

1

8

1

2

7

3

4

5

6
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 ─ ╩כ♃כ◄☺ꜝ│√╕⁸ ↕⌂™ PEFC─ ─ ⌐ ™╢⁹ 
≢─ ≢№╢ ⌐ ↕╣√™⁹♃fi◒─ ⅜ ⌐

∆╢ ╩ 100%⁸ ≤ ∂⌐⌂╢╕≢ ⇔√ ╩ 0%≤⇔⁸95%⌐ ∆╢≤

╩ ∆╢⁹ 

ὛὗὬ = ὠ𝑉𝑉𝑉𝑉𝑉𝑉 × Ὕύ𝑇𝑇𝑇𝑇𝑇𝑇ὧὯ Ὕύ × ὅὴ𝐶𝐶  

SQhTank [Wh]  

 
SepTank [-]  
i [-]  
VOLwi [ ] i  
TwStocki [ ]  i  
Twpublic [ ]  
Cpw [Wh/ * ]  

 0.0042MJ/L*K  

25(387) ( )
 

 
 
ₒ ─ ₓ 
 ♃fi◒ ⁸♃fi◒ ⁸ ≤ ⌂∑╢ ─ ≢№╢⁹ 

Ὕύ . = Ὕύ
 

Ὕύ Ὕύ × Ὁὼ𝐸𝐸
1 × ὃὄ𝐴𝐴 ὠ𝑉𝑉
ὠ𝑉𝑉𝑉𝑉𝑉𝑉  

Twcomp,mixed [ϴ]  
Twflowin [ϴ]  
TwBase [ϴ]  
Vwflowin [m/h]  
VOLWBase [m]   

β  
Exp()  y = ex  
ABS()  If x >= 0 then 

  Return x 
Else 
  Return -x 
End if 

 
 
  



112 
 

ₒ ─ ₓ 
 ♃fi◒ ⁸ ─ ⌐⅔↑╢ ≢№╢⁹ȺT│ ─ ╡ ─

√╪╩ ← ⅛╠ ⌐ ↕╣√ ≢№╢ ⌐ ↕╣√™⁹ 
Ὕύ = Ὕύ + ЎὝ

×
ὅ𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 × Ὕύ + Ὕύ 2 × Ὕύ

Ὄ

ὠ𝑤𝑤 × Ὕύ Ὕ𝑤𝑤
Ὄ  

Twmixed [ϴ]  
T [h] 1  

Twflowin [ϴ]  
Twflowout [ ]  
TwBase [ϴ]  
Vwflowin [m/h]  
H [m]  
Confi [%]  
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ₒ ♃fi◒ ⌐ ∆╢ ₓ 
♃fi◒─ ⱨ꜡⁹╢№≢כ ─≤⅔╡ ⇔≡ ⁸ ─ ≤⁸

─ ─ⱨ꜡כ⌐ ≢⅝╢⁹ ⌐ ⅛╠─ ─╒⅛⁸ ꜚ♬♇

♩⌐ ∆ ⱨꜝ◓ ─ ◘Ⱪꜟכ♅fi⅜ ↕╣╢⁹ 
 

 
 4.14  

  

10%

-2 
For I = N – 1 to 2 Step -1

i
i N+1

– 2 
For I = 2 to N -1 Step 1

i
i N-1

34ϴ 95%

ON OFF

PEFCSOFC

T(YES) F(NO)



114 
 

  

ₒ ₓ 
 SOFC ─╖ ⌂◒ꜝ☻≢№╢⁹ ♃fi◒ ⅛╠ ╢ ≤⁸ ♃fi◒

⁸ ꜚ♬♇♩ ⅛╠ ─ ⁸ ╩ ⇔⁸ ─ ⁸

כ♃כ◄☺ꜝ ─ ╩ ℮⁹ 
ₒ ₓ 

Ὕύ = Ὕύ               (𝐹𝐹𝐹𝐹Ὃ :𝐹𝐹𝐹𝐹𝐹𝐹ί𝐹𝐹)
Ὕύ = Ὕύ         𝐹𝐹𝐹𝐹Ὃ :Ὕ𝑇𝑇ό𝑇𝑇  

Twout [ ]  
Twtarget [ ]  
Twin [ ]  
FLGonoff [Boolean]  

True :  False  
 
ₒꜝ☺◄כ♃כ ₓ 

dQh = Vw × (Ὕύ Ὕύ ) × CpW 
dQhRadiator [W]  
Vw [ / ]  
Twin [ ]  
Twout [ ]  
CpW [W/( * / )]  

True :  False  
 
 

 

 4.15  

TwiTwo Vw
FLG_
OnOff
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Ⱳ▬ꜝכ│ ♃fi◒⅛╠ ≡ ⌐ ↕╣⁸ ╟╡

─ ⅜ ™ │●☻ ⌐╟╢ ╩ ℮⁹SOFC ≢│ ⅛╠─ ⅜

33ϴ⌐ ↕╣╢√╘⁸ ●☻ ⅜ ∆╢⁹PEFC⁸SOFC ≤╙ ⌂

●☻Ⱳ▬ꜝכ HHV92% ╩ ∆╢⁹ ⌐≈™≡│ ─

╩ ↕╣√™⁹ 
 Ⱳ▬ꜝכ│ FCCGS ⅛╠─ ⅜ ™ ™ ⅝⁸ ┼╙ ∆╢⅜⁸

─ ≢│↓╣╠─ ⌐ ↕╣√●☻ │ ⌐ ╘⌂™╙─≤∆╢⁹

─ ≤ ─ ╩ ⌐ ∆⁹ 
 

 
 4.16  

 

 

 

  

SOFC

FCCGS  

♃fi◒⅛╠─ 

№╡ 
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 4.17  

  

TwDmd HwDmd

HtDmd

RHtDmd

TwDmd

TwPub

TwoHwTwiBBHw

VwPub

VwTank

EhBBHw

EhBBHt

EhBBRHt

QhBBHw QhDmdHw

QhTank

TOA

TwoHt

TwiHt

RTWV
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4.6.  

4.6.1.  

 ≢│⁸ ≢ ⇔√ⱪ꜡◓ꜝⱶ─ ╩ ∆⁹HEMS ─ ≤ ∆

╢√╘⁸ ≢│ ⌐ FCCGS ─ ⌐ ™╠╣╢ M1 ╟⅔⁸♪כ⸗
┘ JIS ⌐ ꜟכꜙ☺◔☻√╣╠╘ ⌐ ≠⅝⁸ ⅜ 6,000 7,000kWh/
ה ≤⌂╢╟℮⌐ ⇔√ ╩♃כ♦ ™√⁹ │ ▪ⱷ♄☻ ♃כ♦ 16)

╩ ⌐ ⇔√ ╩ ™╢⁹ 
 4.7 18) 
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 4.8 18) 

 
 
  

208 197 465 1192 817 1318 1715 509 1153
191 179 448 1037 663 1164 1714 509 1153
187 175 444 672 298 799 1083 552 1063
252 241 509 1126 629 983 1290 759 1270
270 267 650 754 256 611 1178 647 1158
239 235 619 1048 551 905 1191 660 1171
221 218 602 892 395 749 1272 854 1224
176 172 556 332 332 332 1256 838 1208
154 152 655 302 302 302 1632 1214 1584
238 236 739 253 253 253 1644 1226 1596
263 262 765 214 214 214 1042 737 1154
239 237 740 191 191 191 1087 782 1199
239 239 824 253 253 253 1109 803 1220
173 173 758 272 272 272 1065 759 1177
149 149 734 203 203 203 1572 791 2524
205 205 790 1789 261 741 1507 727 2459
243 243 876 1803 274 755 1428 648 2380
262 262 895 1791 263 743 1528 748 2480
242 242 875 1737 208 689 1350 1138 2181
181 181 814 1230 355 575 1026 814 1857
176 170 822 1274 398 618 1220 1008 2051
195 190 841 1230 355 575 917 706 1748
254 248 900 1125 249 469 1279 936 2527
269 263 915 257 257 257 1156 813 2405
508 352 2632 166 166 166 1142 799 2391
511 356 2635 155 155 155 1422 1079 2670
595 439 2719 226 226 226 966 937 1195
566 410 2690 250 250 250 725 696 954
925 613 2366 245 245 245 366 337 595
1239 928 2681 260 260 260 289 260 518
1031 719 2472 181 181 181 208 197 465
797 485 2238 1651 446 1090
899 524 1025 1618 412 1056

18.601 11.009 26.256
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 4.9 18) 

  
  

MJ MJ MJ MJ MJ MJ
1 10 10.00 60 0.664 0.954 1.286
2 10 0.83 5 0.055 0.079 0.107
3 10 0.83 5 0.055 0.079 0.107
4 10 0.83 5 0.055 0.079 0.107
5 10 0.83 5 0.055 0.079 0.107
6 10 5.00 30 0.332 0.477 0.643
7 10 0.83 5 0.055 0.079 0.107
8 10 0.83 5 0.055 0.079 0.107
9 10 25.00 150 1.659 2.385 3.214
10 10 2.50 15 0.166 0.238 0.321
11 10 5.00 30 0.332 0.477 0.643
12 10 0.83 5 0.055 0.079 0.107
13 10 0.83 5 0.055 0.079 0.107
14 10 10.00 60 0.664 0.954 1.286
15 10 2.50 15 0.166 0.238 0.321
16 10 5.00 30 0.332 0.477 0.643
17 10 0.83 5 0.055 0.079 0.107
18 10 5.00 30 0.332 0.477 0.643
19 10 5.00 30 0.332 0.477 0.643
20 10 0.83 5 0.055 0.079 0.107
21 10 0.83 5 0.055 0.079 0.107
22 10 0.83 5 0.055 0.079 0.107
23 10 2.50 15 0.166 0.238 0.321
24 10 0.83 5 0.055 0.079 0.107
25 10 0.83 5 0.055 0.079 0.107
26 10 180.00 1080 11.945 17.170 23.143
27 10 10.00 60 0.664 0.954 1.286
28 10 2.50 15 0.166 0.238 0.321
29 10 20.00 120 1.327 1.908 2.571
30 10 2.50 15 0.166 0.238 0.321
31 10 0.83 5 0.055 0.079 0.107
32 10 2.50 15 0.166 0.238 0.321
33 10 0.83 5 0.055 0.079 0.107
34 10 0.83 5 0.055 0.079 0.107
35 0.465 0.77 1.02
36 10 50.00 300 3.318 4.770 6.428
37 10 0.83 5 0.055 0.079 0.107
38 10 0.83 5 0.055 0.079 0.107
39 10 0.83 5 0.055 0.079 0.107
40 10 0.83 5 0.055 0.079 0.107
41 0.465 0.77 1.02
42 0.233 0.385 0.53
43 0.233 0.385 0.53
44 10 10.00 60 0.664 0.954 1.286
45 10 0.83 5 0.055 0.079 0.107
46 10 0.83 5 0.055 0.079 0.107
47 10 0.83 5 0.055 0.079 0.107
48 10 20.00 120 1.327 1.908 2.571
49 10 0.83 5 0.055 0.079 0.107
50 10 0.83 5 0.055 0.079 0.107
51 0.465 0.77 1.02
52 10 50.00 300 3.318 4.770 6.428
53 10 2.50 15 0.166 0.238 0.321
54 10 0.83 5 0.055 0.079 0.107
55 10 5.00 30 0.332 0.477 0.643
56 10 0.83 5 0.055 0.079 0.107

455.74 30.244 1.861 43.467 3.080 58.600 4.120

SL
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4.6.2.  

─ ╩ ⌐ ∆⁹ 
  

ₒPEFCₓ 
  PEFC─ ⁸ ╩ 4.8⌐ ∆⁹ 6,688kWh/⌐ ⇔⁸

PEFC│ 2,341kWh ⇔≡⅔╡⁸35% ╩ ⇔≡™╢⁹ │ 34%⁸
│ 47%≢№╢⅜⁸ ♃fi◒ ⅛╠─ ⌐╟╡ ─ ⅜ ╦╣⁸

⌐ ≢ ≢⅝√ │ 44%≤⌂∫√⁹ ─

│ 78%≢№╢⁹HEMS⌂≥≢ ≢⅝√ ≤ ∂ↄ⁸ ⅜ ╙ ⅜ ⅝ↄ⁸

⁸ ≤ ⅜ ∆╢√┘⌐ ╙ ⇔≡™╢⁹ ⁸ ─ ◄Ⱡ

כ◑ꜟ ─ ╘╢ ⅜ ∆╢√╘⁸ │ ⅜ ╙╡╟fi☼כ◦─ 1 2ⱳ▬
fi♩ ⇔≡™╢⁹ 
 
ₒSOFCₓ 

SOFC─ ⁸ ╩  4.11⌐ ∆⁹SOFC─ │ 3,907kWh≢№╡⁸
─ ─ 58%⌐ ∆╢⁹ │ 42 ≢№╢⁹PEFC⌐ ═ ─

─ ⅜ ⅝ↄ⁸ │ ⅜ ↕ↄ⁸ ⅜ ∆╢√╘

⅜ 40%≤⁸ ╙ ™ 44%⌐ ═ 4ⱳ▬fi♩ ⇔≡™╢⁹ 
│ ─ ⅛╠ 31%⌐ ↕╣≡™╢⅜⁸ ⁸╕√│ ─

♃▬Ⱶfi◓─ ™⌐╟╡ ─ ⅜ ⇔≡™╢⁹ ⅜ ╙ ↄ 25% ≢№╡

⅜ ╙ ↄ 18% ≤⌂╢⁹ ≢│ 23%≢№╡⁸ ꜚ♬♇♩⅛╠ ⇔√

─ ≡∫╟⌐כ♃כ◄☺ꜝ⅜25% ╦╣≡™╢⁹∕─√╘ ⅛╠ √ │

≢ 64%≤⁸PEFC ╟╡ ™ ≤⌂╢⁹ ≢ ⅜ ⅝™√╘ ◄Ⱡꜟ◑כ

│ ⅝™⁹ 
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 4.10 PEFC  

 

 
 4.11 SOFC  

 

 
  

HHV% HHV% HHV% HHV% HHV%

1 31 880 242 338 322 715 231 34% 47% 45% 81% 79%

2 28 799 217 302 289 639 213 34% 47% 45% 81% 79%

3 31 871 236 328 316 695 208 34% 47% 45% 81% 79%

4 30 329 183 244 235 533 198 34% 46% 44% 80% 78%

5 31 339 195 261 253 569 155 34% 46% 44% 80% 79%

6 30 326 168 227 215 495 92 34% 46% 44% 80% 78%

7 31 532 162 238 222 504 40 32% 47% 44% 79% 76%

8 31 520 149 222 206 471 27 32% 47% 44% 79% 76%

9 30 524 159 231 215 490 64 33% 47% 44% 80% 76%

10 31 339 204 272 259 594 107 34% 46% 44% 80% 78%

11 30 328 188 251 238 547 171 34% 46% 44% 80% 78%

12 31 900 237 330 316 697 230 34% 47% 45% 81% 79%

365 6,688 2,341 3,243 3,087 6,947 1,737 34% 47% 44% 80% 78%

HHV% HHV% HHV% HHV% HHV%

1 31 880 398 280 214 907 428 44% 31% 24% 75% 68%

2 28 799 358 252 193 816 387 44% 31% 24% 75% 68%

3 31 871 396 279 210 903 402 44% 31% 23% 75% 67%

4 30 329 272 209 174 678 327 40% 31% 26% 71% 66%

5 31 339 290 224 181 724 303 40% 31% 25% 71% 65%

6 30 326 278 215 156 697 223 40% 31% 22% 71% 62%

7 31 532 323 242 150 785 187 41% 31% 19% 72% 60%

8 31 520 323 242 141 785 166 41% 31% 18% 72% 59%

9 30 524 312 234 152 759 202 41% 31% 20% 72% 61%

10 31 339 289 223 173 722 275 40% 31% 24% 71% 64%

11 30 328 275 212 173 687 310 40% 31% 25% 71% 65%

12 31 900 393 276 211 894 422 44% 31% 24% 75% 67%

365 6,688 3,907 2,890 2,127 9,357 3,633 42% 31% 23% 73% 64%
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 1  

 PEFC⁸SOFC ∕╣∙╣─ ╩ ∆⁹⌂⅔⁸ │♃כ♦ 1 ≢

↕╣╢⅜⁸ ─ │ 1 ⌐ ⇔≡™╢⁹ 
 
ₒPEFCₓ 
 PEFC ─ ─ ╩ ⌐ ∆⁹ ∆╢ SOFC ⌐ ═⁸ ─

⅜ 20 ⌐ ↕╣╢√╘⁸ ⌂ ─ ≤⌂╢⁹ ♃fi◒─ │ ─

│№╢ ─⁸ ⅛╠ ⅜ ╕╡⁸ PEFC ⅜ ∆╢♃▬Ⱶfi◓≢ ╙

ↄ⌂╢ 1 ─ √╡─ ≤⌂╢⁹ 
│ ⁸ ─ ⅛╠⁸ ⅜ ⇔≡⅔╡⁸ ─ ⌐

═╢≤ PEFC─ ⅜ ↄ⌂╢√╘⁸ ⅜ ⅝™⁹ 2 3 ─╟

℮⌐⁸ ⅜ ⌐ ↕ↄ⌂╢ │⁸ ⅜ ⌐ ↄ⌂╢ ╙ ╠╣╢⁹  
 

 

 4.18 PEFC , 2 1 2 7  
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 ™≡ ─ ╩ ∆⁹ ⌐ ═╢≤ ⌐ ⅜ ↕ↄ⌂╢√╘⁸

─ ⅜ ⇔≡™╢⁹ ─ ⅜ ↕™ │⁸ ─

⅜ ∆╢ ─╖⅜ ↕╣╢ ╙ ╠╣╢⁹ 6 2  

 

 4.19 PEFC , 6 1 6 7  
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™≡ ─ ╩ ∆⁹ ⁸ │ ↔≤⌐ ⁸ ⅜ ╦╣⁸ ╩

╕√™≢─ │ ≥ ╦╣≡™⌂™⅜⁸ ⁸ ≤╙ ∆╢√╘⁸

─ ─ ╙ ╦∫≡⅔╡⁸ ⅜ ⌐ ⇔≡™╢⁹ ⁸

≤╙ ─ ╟╡ ↕™⁹ 
♃fi◒│ ∆╢⅜⁸∕─ ⇔⁸ ⌐ ≤ ╕≢ ∆╢⁹

─ ⅛╠ ⌐⅛↑≡─ ╩ ∫≡ ╩ ⇔⁸ ╩ ─ ≢

∆╢ ⅝≤⌂╢⁹ 

 

 4.20 PEFC , 8 1 8 7  
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ₒSOFCₓ 
SOFC─ ─ ╩ ∆⁹PEFC⅜ 20 ╕≢⁸≤ ⅜ ↕╣╢

─⌐ ⇔≡⁸SOFC│ 28 ⇔≡ ∆╢⁹2 6 │ 28 ─ ─

⁸ ⌐ ≡╠╣⁸1 ⅜ ↄ ╦╣⌂ↄ⌂╢⁹ ♃fi◒│ ↄ─ ≢

⌐ ™ ≢№╡⁸ ╡ ≤ ╦╣╢ ⅝⌂ ⅜ ⇔⁸♃fi◒ ─ ╩∆

═≡ ⅝ ⇔√ ≢╙⁸2 3 ≢ ⌐ ⇔≡™╢⁹ 
⅜ ╙ ⅝ↄ⌂╢ ╓╒╙≢fi☼כ◦─ ╢╟⌐כ♃כ◄☺ꜝ ⅜ ╦

╣≡⅔╡⁸ ⌐╟∫≡ ⅜ ⅝ↄ ⇔≡™╢⁹ 
 

 
 4.21 SOFC , 2 1 2 7  
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─ ╩ ∆⁹ ⅜ ⇔⁸ ╙ ╢╟⌐כ♃כ◄☺ꜝ⁹╢™≡⇔

│ ╟╡╛╛ ⅝ↄ⌂╢⁹ 
 

 
 4.22 SOFC , 6 1 6 7  

  

0
200
400
600
800

1,000
1,200
1,400

0 12 0 12 0 12 0 12 0 12 0 12 0 12

2014/6/1 2014/6/2 2014/6/3 2014/6/4 2014/6/5 2014/6/6 2014/6/7

FC
[W

]

FC

0

10

20

30

40

50

60

70

0 12 0 12 0 12 0 12 0 12 0 12 0 12

2014/6/1 2014/6/2 2014/6/3 2014/6/4 2014/6/5 2014/6/6 2014/6/7

[ϴ
]

1

3

5

8

0

100

200

300

400

500

0 12 0 12 0 12 0 12 0 12 0 12 0 12

2014/6/1 2014/6/2 2014/6/3 2014/6/4 2014/6/5 2014/6/6 2014/6/7

FC
[W

]

FC

0

50

100

150

200

250

300

0 12 0 12 0 12 0 12 0 12 0 12 0 12

2014/6/1 2014/6/2 2014/6/3 2014/6/4 2014/6/5 2014/6/6 2014/6/7

[
/

]



127 
 

─ ╩ ∆⁹ ─ ⌐╟╡ ─ ─ │ ╟╡ ⇔

כ♃כ◄☺ꜝ⁹╢™≡ │ ╟╡↕╠⌐ ⇔≡⅔╡⁸ ⌐╟∫≡│

─ ╩ ⇔≡™╢ ╙ ╠╣╢ 8 4 ⁹ 
 

 
 4.23 SOFC , 8 1 8 7  
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 1  

≤⇔≡⁸ ─ 1 ╩ ∆⁹ 

 4.24 PEFC 1  , ,  
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 4.25 SOFC 1  , ,  
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4.7.  

 ≢│ ≢ ⇔√ HEMS♦⁸♃כ ┘ ⌐♃כ♦ ≠⅝⁸FCCGS─◦
Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ─ ╩ ∫√⁹ 
 FCCGS⸗♦ꜟ│ ⌂ ⁸ꜟכꜙ☺⸗─≈3 ꜚ♬♇♩⁸ ♃fi◒ꜚ♬♇♩⁸ Ⱳ

≡∫╟⌐כꜝ▬ ↕╣⁸ ☻♥♇ⱪ≢ FCCGS ⸗♦ꜟ ⅛╠ ∆╢ ⁸

┘⌐ ─ ≤⁸ ꜚ♬♇♩ ─ ─ ⌐╟∫≡ ─ ╩ ∆╢ⱪ꜡

◓ꜝⱶ╩ ⇔√⁹ 
 ⇔√ FCCGS ⸗♦ꜟ╩ ™⁸ ⌂ 4 ╩ ⇔√ Ɽ♃כfi♦כ♃

╩ ™⁸PEFC⁸SOFC ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸HEMS ≥♃כ♦ ∆╢↓≤≢

─ ╩ ⇔√⁹PEFC◦Ⱶꜙ꜠כ◦ꜛfi │⁸ ─ 6.8MWh/ ⌐
⇔ 2.3MWh/ ⇔≡⅔╡⁸ ─ ⁸ ─ ⌐≈™≡╙⁸

⅜ ∆╢≤≤╙⌐⁸ ⅜∕─ ─♃▬Ⱶfi◓≢ ∆╢ ╩ ∫≡ ⅜

↕╣≡⅔╡⁸ ─ ⌐ ™ ⅜⌂↕╣≡™╢↓≤⅜ ≢⅝√⁹ 
≢│ ≢ ⇔√ FCCGSⱪ꜡◓ꜝⱶ≤ ≢ ⇔√ 61 ─ ♃כ♦

╩ ™⁸ ⌂ꜝ▬ⱨ☻♃▬ꜟ─ ┼─ FCCGS ─ ╩ ℮⁹ 
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5.  

5.1.  

 FCCGS⌐ ╠∏⁸ ─ ─◦Ⱶꜙ꜠כ◦ꜛfi⌐│ ∆╢ ⅜♃כ♦

≢№╢⁹ │⌐♃כ♦ ≤ ─ 2 ⅜ ∞⅜⁸FCCGS─ ─

≢⁸ ─≤↓╤ ┼─ ⌐ ∆╢ ⅜○Ⱶ♇♩↕╣√↓≤≢⁸

⌐ ⅎ╢ ─ │╟╡ ⅝ↄ⌂∫≡™╢⁹ ⌐ ─ ─ │⁸

⌂≥⅛╠ ↕╣╢↓≤⅜ ™⅜⁸ ↔≤─┌╠≈⅝⅜ ⅝™ ≢№╡⁸╕

√ ─ ⌐≈™≡│ ╟╡Ɫ▬◖☻♩≤⌂╡⅜∟⌂↓≤⅛╠⁸

↔≤─ ╩ ╕ⅎ√ ─ │ ⌐ ↕╣≡™⌂™⁹ 
 ─ ⌐ √∫≡│⁸ ⁸ ─ ⌐ ╕╠∏⁸∕─ ⁸

┘⌐ ─♃▬ⱶꜝ▬fi ─ ≥∟╠⅜ ⌐ ╢─⅛⁸╛⁸ ─ ⅜

⇔≡⅛╠≥╣╒≥─ ⅜ ™≡ ─ ⅜ ∆╢─⅛ ⅜ ⌐ ⅝⌂ ╩

ⅎ╢√╘⁸ ≢─ ─ ╛ ─╟℮⌐↓╣╕≢ ⅜ ╪≢↓⌂⅛∫

√ ┼─ ╩ ∆╢ ⌐│⁸ ─ ⱪ꜡◓ꜝⱶ⌐ ⅎ⁸ ─ ╩

↕∑╢↓≤⅜ ≤ ⅎ╠╣╢⁹ 
∕↓≢ ≢ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ╩ ™⁸▪fi◔כ♩ ⅛╠ ⇔

√ 61 ╩ ™⁸ ↔≤─ ⁸ ─ ≤ PEFC⁸SOFC─
╩ ╠⅛⌐∆╢⁹╕√⁸◦Ⱶꜙ꜠כ◦ꜛfi─ ⅛╠⁸ ─ ─ FCCGS

─ ╩ ⇔⁸ ─ ⌐ →╢⁹ 
 
5.2.  

 ◦Ⱶꜙ꜠כ◦ꜛfi │ ≢ ⇔√ 61 ─ ╩♃כ♦ ™╢⁹ 
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5.3.  

 ⌐ ⇔√ ╩ ⌐ ∆⁹ 
  

√╡ │⁸SOFC≢│ ─ ≤ ™ ╩ ∆⁹ ⁸PEFC
│ ≤─ │ ↄ⁸ ─ ─ ≢№∫≡╙ ⌐┌╠≈⅝⅜

╠╣╢⁹ 
 
  

 FCCGS ─ ≤⌂╢ ◄Ⱡꜟ◑כ ≤ ⁸ ⁸

─ ╩ ∆⁹PEFC│ ⁸ ≤╙ ─ ⅜ ↕ↄ⁸ ◄Ⱡꜟ

כ◑ ─ ⌐ ∂≡ ╛⅛⌐ ∆╢ ⅜ ≢⅝╢⁹↓╣│ PEFC─
⌐ ╠╣╢ ≤⇔≡⁸ ─ ⅜ ─ ⌐ ⅎ╢ ⅜ ↕™↓≤╛⁸

♃fi◒─ ⅜ ⅝ↄ⁸ ⌐ ⅜ ∂≠╠™↓≤⅜ ≤ ⅎ╠╣╢⁹ 
 SOFC│ ─◄Ⱡꜟ◑כ ─ ≢╙ ⁸ ⁸ ⌐┌╠≈

⅝⅜ ╠╣⁸ Ɽ♃כfi─ ╛ ─ ⅜ ◄Ⱡꜟ◑כ ⌐ ⅝⌂ ╩ ⅎ

≡™╢╙─≤ ⅎ╠╣╢⁹ 
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 5.3 FCCGS  

 
  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

5,000 10,000 15,000 20,000

[k
W

h/
]

[kWh/ ]

SOFC

PEFC

SOFC

PEFC

SOFC

PEFC



135 
 

5.3.2. HEMS  

 HEMS ≥♃כ♦ PEFC ◦Ⱶꜙ꜠כ◦ꜛfi ─ ╩ ⌐ ∆⁹ ⁸

≤╙HEMS ╟╡ ↕™√╘⁸ ⌂ │◦Ⱶꜙ꜠כ◦ꜛfi

─ ⅜ ↕™⅜⁸ ─ ≤ PEFC ─ │╟ↄ ⇔≡⅔╡⁸

⌐ ™ ─ ⅜ ↕╣≡™╢⁹ 
 

 
 5.4 FCCGS  
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5.3.3.  

 ◄Ⱡꜟ◑כ │⁸ ⁸ ⅜ ⅝™ ╒≥ ⅝ↄ⌂╢ ∞⅜⁸

∂ ◄Ⱡꜟ◑כ ─ ≢╙ ◄Ⱡꜟ◑כ ⌐ ⅝⌂ ⅜ ꜟכꜙ☺◔☻⁸╣╠

╛ ─ ™⌐╟╡ ◄Ⱡꜟ◑כ ⌐ ™⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹ ◄Ⱡꜟ◑

כ │⁸SOFC≢ 13%⁸PEFC≢ 8%≢№╢⁹ ⌐ │ ◄Ⱡꜟ◑כ

⅜ ↄ⁸SOFC │ 7%≤ ─☿◓ⱷfi♩╟╡ 6 7ⱳ▬fi♩ ™⁹ ─ ⅜

ↄ⁸24 ∆╢ SOFC≢│ ─ ╘╢ ⅜ ↄ⌂╢√╘≤ ⅎ╠╣

╢⁹ 
 

 
 5.5 FCCGS  

 
 5.1  

 

  

0%

5%

10%

15%

20%

25%

30%

35%

40%

0

4,000

8,000

12,000

16,000

20,000

5,000 10,000 15,000 20,000

[k
W

h/
]

[kWh/ ]

SOFC

PEFC

SOFC

PEFC

SOFC PEFC SOFC PEFC

6 10.0 9.3 9.4 7% 6%

9 12.2 10.5 11.1 13% 9%
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5.3.4.  

 ⁸ ─◄Ⱡꜟ◑כ ╩ ⌐ ∆⁹ │ ⌐ SOFC
⅜ PEFC╟╡ ↄ⌂╢⅜⁸ │ PEFC─ ⅜ ↄ⌂╢√╘⁸ ⌂ ◄Ⱡ

≢כ◑ꜟ √◄Ⱡꜟ◑כ │ PEFC ─ ⅜ ↄ⌂╢⁹SOFC│ ─ ─

⅜ ⅝ↄ⁸ │ ─☿◓ⱷfi♩╟╡ ⁸ ≤╙ ↄ⁸SOFC
─ 59%⌐ ═⁸53%≤⁸6ⱳ▬fi♩ ⅜ ⇔≡™╢⁹ 
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12 14.4 59% 77% 39% 32% 20% 45%

28 15.8 61% 77% 39% 32% 22% 45%

61 14.1 59% 76% 38% 32% 21% 45%
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5.3.5.  

 PEFC⁸SOFC─ ─ ╩ ⌐ ∆⁹150 200W⁸200 250W
─ ╘╢ ⅜ ⅝ↄ⁸ ⌐ ⅜ ™⁹↓─ │ ─ ⌐ ⅜

╢ ⅜ ™╙─≤ ⅎ╠╣╢⁹HEMS ╙≡™⅔⌐♃כ♦ ⇔√ ⅜ ↕╣≡⅔

╡⁸FCCGS─ ⁸ ⌐│ ⅜ ≤™ⅎ╢⁹ 
 
 PEFC 

 5.3 PEFC, 61  

 

 

 

 

HH1 HH2 HH3 HH4 HH5 HH6 HH7 HH8 HH9 HH10 HH11 HH12 HH13 HH14 HH15 HH16

29% 30% 31% 29% 29% 36% 33% 39% 39% 31% 29% 29% 32% 32% 34% 34%

29% 30% 35% 44% 44% 18% 30% 20% 25% 6% 22% 18% 24% 39% 20% 1%

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

3% 3% 3% 4% 1% 4% 5% 2% 1% 8% 2% 3% 1% 0% 2% 3%

7% 4% 6% 5% 2% 2% 2% 6% 3% 8% 3% 6% 4% 3% 7% 11%

7% 2% 7% 4% 1% 7% 3% 6% 6% 21% 7% 15% 8% 3% 9% 15%

8% 8% 7% 4% 7% 4% 2% 8% 9% 4% 5% 7% 5% 5% 6% 12%

6% 6% 3% 0% 4% 7% 3% 6% 2% 6% 8% 3% 4% 5% 6% 6%

3% 3% 1% 1% 1% 7% 7% 3% 3% 3% 7% 5% 4% 3% 3% 3%

3% 3% 1% 3% 2% 3% 3% 3% 4% 5% 3% 4% 5% 2% 5% 4%

1% 3% 2% 3% 3% 3% 3% 2% 2% 3% 3% 3% 3% 3% 3% 3%

2% 2% 1% 2% 1% 3% 3% 1% 1% 3% 2% 2% 3% 2% 2% 2%

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

PEFC

HH17 HH18 HH19 HH20 HH21 HH22 HH23 HH24 HH25 HH26 HH27 HH28 HH29 HH30 HH31 HH32

30% 31% 28% 29% 37% 37% 34% 46% 32% 32% 36% 27% 36% 27% 31% 33%

28% 20% 5% 44% 3% 3% 25% 5% 7% 0% 6% 40% 34% 51% 51% 5%

1% 1% 5% 4% 1% 1% 2% 1% 4% 4% 0% 2% 4% 5% 8% 0%

5% 5% 3% 1% 3% 3% 7% 4% 4% 5% 2% 3% 2% 4% 2% 1%

5% 3% 8% 2% 3% 3% 7% 5% 3% 6% 2% 3% 3% 2% 1% 8%

10% 6% 16% 11% 12% 12% 12% 21% 13% 13% 12% 10% 7% 3% 2% 10%

6% 7% 8% 5% 5% 5% 9% 9% 10% 15% 9% 4% 4% 4% 3% 9%

5% 5% 5% 0% 8% 8% 1% 1% 8% 5% 5% 3% 3% 2% 0% 8%

2% 6% 8% 1% 2% 2% 0% 1% 6% 5% 4% 2% 1% 0% 1% 5%

2% 3% 3% 1% 5% 5% 0% 3% 4% 4% 8% 2% 1% 1% 1% 9%

2% 3% 5% 0% 8% 8% 0% 1% 3% 4% 4% 1% 2% 1% 0% 5%

2% 4% 2% 0% 8% 8% 0% 1% 3% 3% 6% 1% 2% 1% 0% 4%

3% 5% 4% 1% 5% 5% 1% 1% 4% 3% 7% 1% 2% 1% 1% 4%

PEFC

HH33 HH34 HH35 HH36 HH37 HH38 HH39 HH40 HH41 HH42 HH43 HH44 HH45 HH46 HH47 HH48

30% 32% 34% 29% 31% 30% 34% 34% 37% 35% 27% 32% 27% 33% 34% 33%

1% 38% 33% 44% 22% 5% 33% 2% 41% 35% 8% 5% 45% 39% 7% 22%

2% 3% 1% 8% 4% 4% 0% 4% 2% 6% 2% 0% 5% 2% 2% 2%

5% 7% 7% 2% 1% 5% 5% 1% 1% 3% 3% 4% 2% 7% 4% 4%

7% 8% 5% 1% 2% 3% 3% 5% 3% 1% 4% 9% 4% 2% 4% 2%

12% 5% 5% 7% 5% 19% 5% 22% 2% 6% 10% 16% 3% 6% 0% 4%

16% 2% 3% 0% 7% 9% 3% 10% 5% 6% 10% 12% 6% 5% 8% 3%

10% 1% 5% 4% 5% 11% 5% 6% 1% 2% 7% 8% 2% 1% 8% 4%

7% 0% 1% 2% 7% 3% 4% 3% 2% 1% 8% 4% 1% 1% 7% 9%

4% 0% 2% 1% 6% 4% 1% 3% 1% 2% 4% 3% 3% 1% 8% 3%

1% 1% 1% 0% 3% 2% 3% 3% 1% 0% 4% 3% 1% 1% 11% 3%

3% 1% 1% 1% 3% 3% 2% 2% 1% 0% 6% 2% 1% 1% 2% 4%

2% 0% 1% 1% 4% 1% 2% 2% 2% 2% 6% 1% 1% 2% 5% 6%

PEFC

HH49 HH50 HH51 HH52 HH53 HH54 HH55 HH56 HH57 HH58 HH59 HH60 HH61 HH62 HH63 HH64

33% 29% 27% 35% 22% 27% 35% 27% 30% 36% 12% 32% 27%

14% 56% 4% 3% 3% 47% 30% 50% 7% 7% 44% 28% 15%

8% 4% 4% 9% 2% 4% 3% 4% 5% 5% 8% 2% 4%

2% 1% 5% 1% 11% 0% 2% 3% 3% 2% 4% 1% 4%

6% 3% 2% 1% 6% 2% 1% 2% 4% 3% 9% 2% 1%

1% 1% 14% 5% 31% 4% 5% 2% 2% 4% 4% 7% 10%

5% 4% 11% 3% 4% 6% 3% 2% 8% 2% 3% 2% 3%

3% 0% 2% 5% 8% 2% 3% 2% 3% 3% 1% 5% 7%

4% 1% 6% 1% 3% 2% 4% 1% 12% 6% 3% 4% 8%

10% 1% 11% 6% 3% 2% 3% 2% 3% 7% 3% 4% 5%

1% 0% 6% 14% 3% 2% 5% 2% 9% 3% 6% 5% 5%

9% 0% 4% 8% 3% 1% 3% 1% 7% 9% 1% 2% 4%

5% 0% 3% 9% 1% 1% 4% 1% 7% 17% 3% 5% 6%

PEFC
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 SOFC 

 5.4 SOFC, 61  

 

 

 

  

HH1 HH2 HH3 HH4 HH5 HH6 HH7 HH8 HH9 HH10 HH11 HH12 HH13 HH14 HH15 HH16

28% 28% 30% 27% 28% 25% 26% 31% 28% 21% 25% 27% 29% 27% 26% 29%

23% 25% 29% 42% 37% 24% 36% 20% 30% 7% 20% 19% 22% 32% 20% 2%

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

3% 4% 3% 5% 5% 7% 4% 2% 1% 6% 2% 4% 2% 3% 5% 5%

5% 5% 8% 3% 3% 5% 2% 8% 7% 6% 6% 8% 5% 5% 8% 9%

7% 6% 7% 4% 1% 7% 2% 7% 6% 18% 7% 13% 9% 4% 7% 14%

9% 8% 9% 4% 8% 5% 6% 9% 11% 9% 5% 6% 5% 8% 6% 12%

6% 6% 4% 1% 4% 5% 3% 6% 2% 7% 8% 4% 5% 7% 6% 7%

5% 5% 2% 3% 2% 7% 5% 5% 3% 4% 6% 5% 3% 2% 4% 5%

3% 4% 1% 2% 3% 4% 2% 3% 4% 5% 4% 3% 4% 3% 6% 5%

3% 4% 2% 3% 4% 3% 3% 3% 3% 6% 5% 3% 5% 3% 4% 4%

4% 5% 3% 3% 4% 5% 6% 4% 4% 8% 9% 6% 8% 5% 7% 7%

SOFC

HH17 HH18 HH19 HH20 HH21 HH22 HH23 HH24 HH25 HH26 HH27 HH28 HH29 HH30 HH31 HH32

28% 23% 23% 26% 33% 33% 33% 29% 28% 29% 30% 25% 26% 26% 29% 23%

24% 20% 6% 44% 4% 4% 24% 10% 8% 0% 6% 33% 33% 44% 43% 4%

2% 1% 3% 1% 1% 1% 0% 0% 6% 3% 3% 1% 4% 4% 4% 0%

5% 7% 6% 1% 1% 1% 6% 7% 5% 6% 2% 4% 2% 3% 4% 4%

5% 2% 6% 7% 5% 5% 7% 3% 4% 7% 2% 4% 6% 2% 9% 8%

10% 9% 17% 8% 10% 10% 11% 22% 13% 12% 16% 13% 8% 5% 4% 8%

9% 9% 6% 4% 7% 7% 10% 9% 10% 14% 6% 5% 5% 7% 3% 9%

4% 7% 5% 2% 8% 8% 1% 2% 10% 5% 5% 4% 4% 2% 1% 10%

2% 6% 8% 1% 4% 4% 3% 3% 5% 6% 3% 4% 3% 0% 2% 5%

3% 3% 5% 0% 9% 9% 1% 4% 4% 6% 6% 2% 1% 2% 1% 10%

3% 4% 6% 1% 9% 9% 1% 4% 3% 4% 6% 2% 4% 2% 1% 7%

4% 9% 8% 3% 9% 9% 2% 7% 6% 8% 14% 3% 4% 2% 1% 11%

SOFC

HH33 HH34 HH35 HH36 HH37 HH38 HH39 HH40 HH41 HH42 HH43 HH44 HH45 HH46 HH47 HH48

29% 26% 23% 26% 25% 29% 33% 27% 26% 29% 17% 29% 22% 26% 29% 23%

10% 38% 41% 40% 17% 7% 28% 10% 48% 29% 6% 7% 39% 31% 6% 18%

1% 3% 0% 5% 5% 1% 0% 4% 3% 4% 1% 2% 2% 3% 5% 3%

4% 12% 9% 5% 5% 8% 6% 2% 2% 4% 10% 3% 10% 10% 3% 5%

3% 8% 6% 1% 3% 11% 7% 8% 5% 4% 2% 5% 4% 6% 2% 3%

9% 5% 5% 10% 6% 13% 5% 23% 3% 7% 9% 15% 5% 9% 1% 4%

12% 2% 3% 1% 9% 8% 3% 7% 6% 9% 13% 14% 7% 5% 12% 8%

8% 1% 4% 4% 7% 10% 7% 6% 2% 4% 12% 7% 2% 3% 10% 6%

8% 1% 2% 3% 5% 3% 2% 3% 1% 3% 7% 5% 3% 1% 4% 9%

4% 1% 3% 1% 7% 3% 2% 4% 1% 2% 4% 4% 2% 2% 9% 4%

4% 1% 2% 1% 5% 2% 4% 3% 1% 1% 6% 2% 1% 1% 8% 5%

7% 1% 2% 2% 6% 4% 3% 5% 2% 3% 13% 6% 2% 2% 11% 11%

SOFC

HH49 HH50 HH51 HH52 HH53 HH54 HH55 HH56 HH57 HH58 HH59 HH60 HH61 HH62 HH63 HH64

18% 29% 21% 25% 18% 26% 23% 22% 27% 30% 13% 23% 23%

10% 47% 6% 5% 4% 43% 25% 48% 9% 7% 39% 24% 14%

6% 3% 5% 10% 2% 5% 2% 7% 8% 3% 9% 4% 4%

5% 6% 4% 2% 8% 3% 6% 5% 2% 3% 4% 2% 3%

11% 3% 7% 6% 4% 2% 4% 1% 4% 7% 10% 4% 3%

3% 0% 10% 6% 25% 4% 4% 2% 5% 5% 3% 6% 7%

7% 5% 14% 7% 12% 7% 9% 2% 6% 5% 7% 10% 4%

6% 0% 3% 4% 7% 2% 4% 2% 3% 4% 1% 4% 7%

7% 3% 7% 2% 3% 2% 4% 3% 8% 4% 2% 5% 7%

9% 1% 8% 5% 4% 3% 5% 3% 5% 7% 5% 7% 6%

8% 1% 7% 13% 6% 2% 4% 3% 10% 7% 4% 5% 7%

11% 2% 9% 16% 6% 2% 10% 3% 13% 17% 4% 7% 14%

SOFC
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5.4.  

 ≢│⁸ ≢ ⇔√ ╩♃כ♦ ⌐⁸ 61 ╩ ⌐ SOFC⁸PEFC─
⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸ ─ ╩ ╠⅛⌐⇔√⁹ 

 ⌂ ≤⇔≡⁸ ⅜ ↄ⁸ ─♃▬Ⱶfi◓≤ ♃▬

Ⱶfi◓⅜℮╕ↄ ╦⌂™↓≤⅛╠⁸ ⁸ ⅜ ⇔≡⅔╡⁸ ⌐

─ ⅜ ⅝™↓≤⅜ ↕╣√⁹ 
FCCGS─ ⌐ ∆╢≤⁸ ─ FCCGS─ ⌐╟╡⁸PEFC≢│ ─

─ 30% ⁸SOFC≢│ 70%╩◌Ᵽ⁸≤⌂╢⅝≢כ ⅛╠ √ ─

⌐│ ⇔≡™╢⅜⁸ ≢ ─ │ ↄ⁸ ─ ™ ╩

≢⅝≡™╢ │ ™⁹ ⌐⁸ ⁸ ⌂≥⁸ ⅜ ↕™ ≢│

⅜ 6 ≤⌂╢⌂≥⁸ ─ ⌂ ⌐ ⇔⁸ ⅜ ↕ↄ ─Ᵽꜝ

fi☻⅜ ╣≡⅔╠∏⁸ ─ ╩ ⌐ ⇔≡™╢≤│ ™ ™ ≢№╢↓≤╩

⇔√⁹╕√⁸ ⌐ ∆╢≤⁸SOFC כ♃כ◄☺ꜝ│≢ ⌐╟╡ ꜚ♬♇

♩⅛╠ ⇔√ ─ 30% ⅜ ⌐ ↕╣╢ ⁸ ♃fi◒⅜ ꜚ♬♇♩ ─

≤ ─ ─ ─♃▬ⱶꜝ◓╩ ⇔⅝╣≡™⌂™ ⅜

≢⅝√⁹ 
↓╣╠─ │⁸ ⌐│ ─ ⁸ ⌐ ⇔⁸ ⁸ ⌂≥≤

™∫√ ≢│ ⁸ ⅜ ↕∆⅞╢↓≤⁸╙℮ ≈│ ⁸ ≤╙

─ ⌐ ⇔∆⅞╢↓≤⅛╠⁸ ⌐ ∆╢Ᵽ♇ⱨ□─ ⅜ ≢№╢↓

≤ ♃fi◒⅜ ↕∆⅞╢↓≤ ⅜ ≤ ⅎ╢⁹ ♃fi◒─ ⌐ ⇔≡│

⅜№╢⅜⁸ ⌐⅔™≡│ ☻Ɑכ☻ ⁸ꜚ♬♇♩─ ╙ ∆═⅝ ≢№

╡⁸ ⌐≈⌂⅜╢ ─ │ ╕⇔ↄ⌂™⁹ 
∕↓≢ ≢│⁸2 ≢ 1 ─ ╩ ∆╢↓≤≢⁸FCCGS─

╩ ╘⁸ ─ ╩ ℮≤≤╙⌐⁸ ─ ╩ ∆╢↓≤≢⁸

╩ ╘⁸ ╩ ↕∑╢↓≤╩ ⇔⁸ ⌐⅔™≡ ─

╩ ℮⁹ 
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6. 2 SOFC  

6.1.  

 ≢│⁸ ⌂ ⁸ ⌐ ─ FCCGS ╩ ⇔√ ─ ◄Ⱡꜟ◑כ

⌐≈™≡ ⇔√⁹ ≢│⁸ ≢ ↕╣√ ◄Ⱡꜟ◑כ ⁸ ◄Ⱡꜟ◑

כ ─ⱳ▬fi♩⁸╕√│◄Ⱡꜟ◑כ ─ ╩ ≤⇔≡⁸2 ⌐╟╢ 1 ─

⌐╟╢ ◄Ⱡꜟ◑כ ─ ⌐≈™≡ ═╢⁹ 
 
6.2.  

⁸ ─ ⌐│⁸ ⅝ↄ ↑≡ 2≈─ ⅜ ⅎ╠╣╢⁹

≈│ ⁸ ╩ ∆╢Ᵽ♇ⱨ□─ ⁸ ♃fi◒─ ≢№╡⁸

╙℮ ≈│ ─ ⌐╟╢Ɽ♃כfi ≢№╢⁹ 
│ ⌐ ─ ≢☻♩꜠☻≤⌂╢╟℮⌂ ╩ ⅎ∏⁸ ◄Ⱡꜟ◑כ ─

⅜ ≢⅝⁸ ─ FCCGS ─ ⌐⅔™≡ ⌂ ≤ ⅎ╠╣╢⅜⁸

─╟℮⌂ ╙ ⅎ╠╣╢⁹ 
≈ │Ᵽ♇ⱨ□─ ⌐ ℮ ─ ≢№╢⁹ ♃fi◒ ⅜ ∆╢

↓≤│⁸♃fi◒ ⅛╠─ ⁸╕√│ ─ ⌐ ℮ ─ ⁸ ╡

─ ⅜ ∆╢ ⅜№╢⁹╕√⁸ ╩ ∆╢ ≤⇔≡│⁸ ─≤↓╤

⅜ ╙ ⌐│ ┼─ ╙ ⅎ╠╣╢ ⅛≈ ⌂ ≤™ⅎ╢

⅜⁸▬fiⱣכ♃כ⌐╟╢ ⁸ ⁸ ┘⌐ ─ ⌐╟╡⁸ ─ 30%
⅜ ╦╣╢⌂≥⁸◦☻♥ⱶ ─◄Ⱡꜟ◑כ ⅜ ∆╢ ⅜ ™⁹ 
≈ │ ┼─ ⌐≤∫≡ ⌂ ≤⌂╢ ⅜№╢ ≢№╢⁹

♃fi◒─ │ ⌂ ─☻Ɑכ☻⅜ ⇔≠╠™ ≢│ ⌂ ╡ ╖≢

№╡⁸ ⅜ ⇔™ⱳ▬fi♩≤ ⅎ╠╣╢⁹ 
 

─ ⌐╟╡⁸ ╕⅛⌂ ⁸ ↔≤⌐ ≤ ⅎ╠ⅎ╢ ⌐≈

™≡│ ─ ⅜ ╠╣≡™╢⅜⁸ ≢ ⇔√ ╡⁸ ⅜ ⇔⁸

⌐ ∂≡╙ ╖ ↑╢ ⅜ ↄ⁸ ⌐ ∂≡ ⁸╕√│ ╩ ⇔≡™

ↄ↓≤│ ≢⌂™⁹╕√⁸ ─ SOFC│ ●☻Ⱳ▬ꜝכ⌐ ⌐⌂╢⌂≥⁸

ꜟ▪כꜙ♬ꜞ ┼─ ─ │ ₁ ⇔≡™╢⅜⁸ ⌐⅔™≡ ⅛™♃▬

ⱶ☻Ɽfi≢ ─ ╩ ∆╢↓≤│ ≢│ ⇔™⁹ 
│↓─ ⌐ ⇔ ─ ⅛╠ ╩ ™⁸ ─ ╩ ∑∏⁸⌂⅔⅛≈

─ ╩ ╘╢ ≤⇔≡⁸2 ≢ 1 ─ ⅜ ⌂ ≤ ⅎ⁸ ⌐

⅔™≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸∕─ ╩ ⇔√⁹ 
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6.3.  

6.3.1. 2  

 2 ─ ─ ╩  6.1⌐ ∆⁹ 
≢│⁸FCCGS⅛╠ Ⱳ▬ꜝכ┼─ Ⱳ▬ꜝכ ⌐

Ⱬ♇♄כ╩ ⇔⁸ 1⁸ 2─ ⅛╠─ ╩ ─ FCCGS⅛╠ ℮⁹╕

√⁸ ─ ╩ ≈⌐ ⇔√℮ⅎ≢⁸ ⇔√ ─ ⌐ FCCGS ╩
⇔ 2 ─ ╩ ∆╢ ≤∆╢⁹SOFC │ ●☻Ⱳ▬ꜝכ≤ ⁸ ●

☻⁸ ╩ ⌐ ⇔≡ ╙ ∞⅜ ≢№╢√╘⁸ ─

╩∕─╕╕ ≢⅝╢⁹⌂⅔⁸ ─ ≢│⁸SOFC ─ ⅜ ⌐ ↕╣

√╙─≤⇔⁸ ♃fi◒⅛╠ ─ Ⱳ▬ꜝכ┼─ ⁸ │ ⌐ ─

≤ ∂≤ ⌂⇔⁸◄Ⱡꜟ◑כ ⌐ ∆╢ │ ⇔⌂™⁹ 
 

 
 6.1 FCCGS ,  

 

1

SOFC1

SOFC

BB

FC

BB

1 2

SOFC1

2 SOFC

BBBB

FC

BB
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6.3.2.  

  

─ 61 ⅛╠ 18 ╩ ⇔⁸ ⌐ ∂≡ ⌐ⱪכꜟ◓─≈3 ⇔⁸6
↔≤⌐ ⁸ ⁸ ≤⇔√⁹ │ⱪכꜟ◓ 100 250Є/ ⁸

│ⱪכꜟ◓ 250 350Є/ ⁸ │ⱪכꜟ◓ 400Є/  ⱪ≢№╢⁹כꜟ◓─
⌐ │ ≤ ⇔⁸ ⅜ ⅝™╒≥ ╙ ⅝™⅜⁸

↔≤─ ⌐╟∫≡ ⅝ↄ ⌂╢ ⌐ ↕╣√™⁹ ⅎ┌ ≢╙

≢ ─ ™ ≢│⁸ ⅜ ⅝ↄ⌂╢ ⅜№╢⁹ 
 

 6.1 18  

 

 
 6.2 18  

 

  

1 3 4,463 145

2 3 3,892 137

3 1 3,128 95

4 1 2,562 89

5 1 2,604 221

6 2 3,066 140

7 3 4,283 338

8 2 3,414 296

9 1 2,777 294

10 2 4,090 301

11 4 4,822 342

12 1 3,031 275

13 5 4,945 481

14 4 3,743 485

15 4 5,277 429

16 4 4,472 629

17 3 3,409 437

18 2 4,912 400

1 1 4,463 148 1,543 1,677

2 1 3,892 142 1,484 1,613

3 1 3,128 98 1,019 1,108

4 1 2,562 91 942 1,024

5 1 2,604 223 2,314 2,515

6 1 3,066 155 1,614 1,754

7 2 4,283 344 3,566 3,876

8 2 3,414 307 3,191 3,469

9 2 2,777 303 3,146 3,419

10 2 4,090 318 3,301 3,588

11 2 4,822 349 3,623 3,939

12 2 3,031 285 2,955 3,212

13 3 4,945 493 5,106 5,550

14 3 3,743 491 5,098 5,542

15 3 5,277 445 4,616 5,017

16 3 4,472 648 6,722 7,306

17 3 3,409 445 4,621 5,023

18 3 4,912 415 4,311 4,686
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─ ⁸ ─Ɽ♃כfi⁸⅔╟┘ ⁸ ╩ ⌐

∆⁹ 
⌐●☻⁸ ╩ ∆╢ ⅜ ↄ⁸ ─ ─ ─ ∟

⅜╡│ ─ HEMS ╡╟♃כ♦ ↕™ ⅜ ™⁹ │ 18 23 ⌐

∆╢⅜⁸ ─◦ꜗ꞉כ ⁸ ™⁸ ─ ≢ ─ ⌐╙ ⅜

⇔≡™╢⁹ 

 
 6.3 18  

 
 6.4  

  

0

200

400

600

800

1,000

1,200

1,400

1,600

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12

2014/1/1 2014/1/2 2014/1/3 2014/1/4 2014/1/5 2014/5/1 2014/5/2 2014/5/3 2014/5/4 2014/5/5 2014/8/1 2014/8/2 2014/8/3 2014/8/4 2014/8/5

18

[ /18 ][kW/18 ]

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12

2014/1/1 2014/1/2 2014/1/3 2014/1/4 2014/1/5 2014/5/1 2014/5/2 2014/5/3 2014/5/4 2014/5/5 2014/8/1 2014/8/2 2014/8/3 2014/8/4 2014/8/5

18

[ϴ]
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 6.5  

 

  
 6.6  

 

 
 6.7   
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6.3.3.  

 ╖ ☻כ◔∑╦ ╩ ⌐ ∆⁹ ⁸ ─ ≢│⁸ ─ 3 ─

⁸ ⁸ ─ ╖ ╦∑ ⌐ ╩ ℮⁹ 
 

 6.3  

 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
3 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
4 49 50 51 52 53 54 55 56 57 58 59 60 61 62
5 63 64 65 66 67 68 69 70 71 72 73 74 75
6 76 77 78 79 80 81 82 83 84 85 86 87
7 88 89 90 91 92 93 94 95 96 97 98
8 99 100 101 102 103 104 105 106 107 108
9 109 110 111 112 113 114 115 116 117
10 118 119 120 121 122 123 124 125
11 126 127 128 129 130 131 132
12 133 134 135 136 137 138
13 139 140 141 142 143
14 144 145 146 147
15 148 149 150
16 151 152
17 153
18

15 36 36

15 36

15

Group are made by two households,  
Household A and household B. There are 
153 groups.
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6.4.  

 ╘⌐ FCCGS─ PEFC⁸SOFC ⁸ ─ ─ ╩ ⇔⁸

⌂ ⌐≈™≡ ∆╢⁹  
 
6.4.1.  

  

☻כ◔  ─ ◄Ⱡꜟ◑כ ╩ ⌐ ∆⁹ ─ⱴ▬♫☻ ⌐ ╣╢

◓ꜝⱨ│™∏╣╙ ⌐╟╢ ≢№╢⁹SOFC│ 8.1GJ/ ⅛╠ 12.0GJ/ ≤ 1.5
⌐⁸PEFC╙ ∂ↄ 3.5GJ ⅛╠ 5.8GJ/ ≤ 1.5 ⅜ ⇔≡⅔╡⁸

⅜ ⇔≡™╢⁹ ≢ ⅜ ∆╢√╘⁸ Ⱳ▬ꜝכ●☻ ⅜ ⇔⁸

FCCGS ⌐ ™●☻ ╙ ⇔≡™╢⁹ 
 Ɑכ☺─ │ ≢ ─ FCCGS ╩ ∑∏ ⇔√ ⁸ כ◔

☻ ≤⁸ ≢ ─ ╩ ⇔√ ☻כ◔ ─ ⁹╢№≢☻כ◔

─ ─ ⅛╠⁸ ⌐☻כ◔ ═⁸ │≢☻כ◔ ⅜ ∆╢⅜⁸

∆╢ ─ ⌐ ℮ ─ ─ ╩ ↑⁸ ◄Ⱡꜟ◑כ │

≤⌂╢⁹ ⌐ ≢│ ╡╟☻כ◔ ─☻כ◔ ◄Ⱡꜟ◑כ ⅜ ↄ

⌂╡⁸1 ≢ 2 ─ ◄Ⱡꜟ◑כ ╩ ⇔℮╢ ⅜№╢↓≤⅜ ⅛∫√⁹ 
 

 
 6.8  

 

-3.5

-5.8

-8.1

-12.0

6.9

14.0

2.4

7.8

10.5

19.8

4.1

6.2

7.8

10.1

1.7

3.8

1.9

4.4

3.7

6.9

-15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0

PE
FC

SO
FC

[GJ/ ]

FC

BB



149 
 

 

 6.9 FCCGS FCCGS
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 ◦☻♥ⱶ ☻כ◔─ ╩  6.10⌐ ∆⁹ ⌂ ≤⇔≡ ⅜

∆╢ SOFC╟╡ PEFC─ ⅜ ◄Ⱡꜟ◑כ≢ ╣┌ │ ™⁹SOFC│ 60%
⅛╠ 70% ⁸PEFC│ 75%⅛╠ 80% ⌐ כ♃כ◄☺ꜝ⁹╢∆ │ ☻♃▬ꜟ⌐

⅝ↄ ↕╣╢↓≤╛⁸PEFC│ ⌐╟╡ ⁸ ─ ⅜⌂↕╣⁸

⅜ ↄ⌂╢ ⅜ ⇔≡ ⌐ ╡ ≡╠╣╢─⌐ ⇔⁸SOFC│ ⌐

╟╢ │ ↕╣≡™⌂™√╘⁸ ─ ─ ⅜ ⅝™⁹ 
⌐ ⱶ♥☻◦│☻כ◔ ⅜ ∆╢⁹ ↕╣╢ ⅜ ⅝™ │ ⌂

⇔⌐⅔™≡╙ ⅜ ∆╢⅜⁸ ─ ≢│ ⌐ ─ ⁸ ─

☿◓ⱷfi♩⌐⅔™≡╙ ─☻כ◔ ⅜ ≢№╢ ⌐ ↕╣√™⁹↓╣│ ─

∞↑≢⌂ↄ⁸ ⌂╢ Ɽ♃כfi─ ⌐╟╢ ─ ⌐╟╢╙─≢№╢⁹ 
 

 
 6.10  
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 ◄Ⱡꜟ◑כ ≤ ◄Ⱡꜟ◑כ ╩ ⌐ ∆⁹ ─ ◄Ⱡꜟ◑כ SOFC
≢ 13%⁸PEFC≢ 8%⌐ ⇔⁸ │ 16%⁸9%⌐ ⇔≡™╢⁹ │ 2 ⌐ 2

∆╢─⌐ ⇔⁸ │ 2 ⌐ 1 ─ ≢ ╗√╘⁸ ⌐ ∆╢▬♬◦ꜗ

ꜟ◖☻♩╩ ⅎ√℮ⅎ≢⁸ ◄Ⱡꜟ◑כ ─ ⅜⌂↕╣≡™╢⁹ 
 

 
 6.11  

 

 

 6.12  
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6.4.2.  

 ≢│ ─☻כ◔ ⌂ ╩ ⇔√⁹ ≢│⁸ ◄Ⱡꜟ◑כ ⁸

⁸ ◄Ⱡꜟ◑כ ≤ ⁸ ◄Ⱡ ⁸∕─ ─ ╩ ∆╢⁹ 
 
  

⌐ ─ √╡ ⁸ ─ ☻כ◔ ╩ ⌐ ∆⁹

 6.4│ ☻כ◔ 18 ╖ ╦∑ ☻כ◔153 ⁸  6.5│ ☻כ◔ 61
≢№╢⁹ 7 8MWh/Groupה Ɑ▪╩ ╢ 2 ⁸ ⁸ ┘⌐ ≢│

MWh/Gה ≤∆╢ ─ ⅜ ╙ ↄ ╙ ™ ⌐ ⇔≡ ∆╢⁹ ◔

│≢☻כ 4 5MWh/ ה ⅜ ≢№╢⁹ 
 

 6.4  
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7.  

7.1.  

≢│⁸ ⌂ꜝ▬ⱨ☻♃▬ꜟ─ ╩ ≤⇔√ FCCGS ⁸⅔╟┘

─ ╩ ⇔√ ≢─ FCCGS ─ ≤ ╩ ≤⇔≡⁸◦Ⱶꜙ꜠

ꜟ♦⸗fiꜛ◦כ ⌐ ⌂ ─♃כ♦ ⁸⅔╟┘ ─ ☻◔☺ꜙ

ꜟכ ╩ ≤⇔√ꜝ▬ⱨ☻♃▬ꜟ ╩ ⇔ ─ ╩ ╕ⅎ√ ╩♃כ♦

⇔√℮ⅎ≢⁸ √⌐ ⇔√ FCCGS◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ╩ ™≡ FCCGS─
╩ ⁸ ∆╢≤≤╙⌐⁸╟╡ ™ ◄Ⱡꜟ◑כ ╩ ╠╣╢ ─ ≤⇔

≡ ⌐╟╢ FCCGS─ ⌐ ☻כ◔╢∆ ╩ ∫√⁹ 
│₈HEMS♦כ♃⌐ ≠ↄ ─ ⌐⅔↑╢ FCCGS ─ ₉⁸₈ꜝ▬ⱨ

☻♃▬ꜟ ⌐ ≠ↄ ─ ה ─♃כ♦ ₉⁸₈◦Ⱶꜙ꜠כ◦

ꜛfi⸗♦ꜟ ☻כ◔┘ ₉─ ⌐ ≢⅝╢⁹ 
⁸ ↔≤⌐⁸ ≢ ╠╣√ ╩ ∆╢⁹ 

 
≢│ FCCGS⌐ ∆╢ ⁸ ⌐≈™≡ ═⁸ ⌐ ↕╣╢

⁸ ה ─ ╩ ⇔√⁹↓─ ≢⁸ ─ FCCGS─ │ ≡

─ ⅜ ↕╣╢↓≤⅜ ⅛∫√⅜⁸ ─ ⅜ ─ ╛ ≡

─ ⁸╕√│ ─ꜝ▬ⱨ☻♥כ☺ ≢ ∆╢ ⌐│⁸ ⁸ ─

─ ↕™ ┼─ ⅜ ≢№╢↓≤╩ ∆≤≤╙⌐⁸ ─ FCCGS─
─ ⌐≈™≡ ═⁸ ⇔™ ╩ ╕ⅎ√⸗♦ꜟ─ ⅜ ≢№╢↓≤╩ ⇔

√⁹ 
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1. 2  

1.1.  
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2. HEMS PV  
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3. 61  
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4. 18  
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5.  

5.1.  
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6.  

6.1.  

 

  










	1. 序論
	1.1. 研究の背景
	1.1.1. 要旨
	1.1.2. 我が国の世帯属性・住宅属性の推移
	1.1.3. ライフステージ別の世帯属性の推移
	1.1.4. 家庭用燃料電池の普及

	1.2. 家庭用燃料電池に関する基礎的研究
	1.2.1. 家庭用燃料電池開発の流れ
	① エコウィル
	② 固体高分子形燃料電池（PEFC）
	③ 固体酸化物形燃料電池(SOFC)

	1.2.2. 今後について

	1.3. 建築環境工学分野のFCCGSに関する既往研究の状況
	1.3.1. 全体像
	1.3.2. 項目別の状況
	① シミュレーションモデルの構築
	② 実験室での仮想負荷を用いた実測調査
	③ 導入方法の提案


	1.4. 研究の目的
	1.5. 本論文の構成
	1.6. 本論文中の用語・計算に関する注記
	1.6.1. 評価指標の定義
	① エネルギーフロー
	② 省エネルギー量
	③ 省エネルギー率
	④ 発電寄与率・通年負荷率

	1.6.2. 用語
	1.6.3. 略号に関する定義
	1.6.4. 物性値


	2. 実住宅におけるFCCGS運転実態に関する分析
	2.1. はじめに
	2.2. 計測システム・計測対象
	2.2.1. 計測の概要
	2.2.2. 機器の構成・接続方法・計測点
	2.2.3. 世帯属性
	2.2.4. PEFC機器仕様

	2.3. HEMSデータ基本集計
	2.3.1. 通年積算
	① 住宅のエネルギー使用量
	② FC・PVの年積算発電量
	③ 売買電収支

	2.3.2. 月別値
	① エネルギー使用量
	② PV・FC発電量
	③ 買電・売電収支

	2.3.3. 日別値
	① エネルギー使用量
	② 発電量

	2.3.4. 代表月の月時別値
	① エネルギー使用量
	② 発電量


	2.4. FC発電に関する分析
	2.4.1. FC導入効果の推計
	① 日平均外気温度とPEFC発電量の関係
	② 月別発電量・発電寄与率の推移
	③ 年積算電気使用量・エネルギー使用量と発電量の関係

	2.4.2. 稼動時負荷率と発電効率推計

	2.5. 詳細計測
	2.5.1. 概要
	2.5.2. 集計対象世帯の属性
	2.5.3. 基本集計
	2.5.4. 発電部分負荷率とユニット効率の関係

	2.6. おわりに

	3. 家庭内電力・給湯需要に関するアンケート調査
	3.1. はじめに
	3.2. アンケート調査
	3.2.1. 概要
	3.2.2. 世帯類型

	3.3. 調査結果
	3.3.1. 回答件数
	3.3.2. 世帯属性
	① 世帯人数
	② 世帯類型
	③ 世帯当たり勤労者人数
	④ 日中在宅の状況

	3.3.3. 住宅属性
	3.3.4. 家電製品の使用状況
	① テレビ
	② 冷蔵庫
	③ 衣類乾燥機

	3.3.5. 冷房
	① 発生頻度

	3.3.6. 暖房
	① 発生頻度
	② 使用暖房機器

	3.3.7. 湯の使用に関する生活習慣
	① 湯張り以外のお湯使用
	② 湯張り

	3.3.8. 年齢階級別生活スケジュール
	① 起床時間
	② 出勤・外出時間
	③ 帰宅時間
	④ 入浴時間
	⑤ 就寝時間
	⑥ その他


	3.4. 仮想負荷の推計
	3.4.1. 概要
	3.4.2. アンケート調査結果をベースとする負荷推計プログラム

	3.5. アンケートからの主要反映項目
	3.6. 推計負荷
	3.6.1. 年積算値
	3.6.2. 月別電気使用量・湯使用量の推移
	3.6.3. 代表月の時刻別平均
	① 若年単身世帯
	② 高齢単身世帯
	③ 若年夫婦世帯
	④ 高齢夫婦世帯
	⑤ その他


	3.7. おわりに

	4. 家庭用燃料電池プログラムの開発
	4.1. はじめに
	4.2. シミュレーション概要
	4.3. 入出力関係
	4.4. 入力側
	① 入力項目一覧表

	4.5. プログラムの内部仕様
	4.5.1. プログラムを構成するモデル
	4.5.2. 単体計算時の内部クラス接続
	4.5.3. 個別モデルの構成
	① 需要家側クラス
	② FCCGSクラス
	③ 発電ユニットクラス
	④ 発電ユニット
	⑤ 貯湯タンククラス
	⑥ ラジエータークラス
	⑦  補助ボイラクラス


	4.6. シミュレーション試算例
	4.6.1. 試算例の計算条件
	4.6.2. 計算結果
	① 月別・年積算計算結果
	② 代表期間抽出集計（1時間間隔）
	③ 代表期間抽出集計（1分間隔）


	4.7. おわりに

	5. 家庭用燃料電池導入効果の推計
	5.1. はじめに
	5.2. 対象世帯
	5.3. 計算結果集計
	① 発電量
	② 発電効率・排熱利用効率・総合効率
	5.3.2. HEMS計測データとの比較
	5.3.3. 一次エネルギー削減効果
	5.3.4. エネルギー変換効率
	5.3.5. 発電時部分負荷率の分布
	① PEFC
	② SOFC


	5.4. おわりに

	6. 2世帯でのSOFC共有に関する分析
	6.1. はじめに
	6.2. 概要
	6.3. 検討ケース
	6.3.1. 2世帯共有の方法
	6.3.2. 計算対象世帯の負荷想定
	① グループ分類
	② 代表期間負荷パターン
	③ 日別電力・給湯負荷・基準ケース一次エネルギー使用量の推移

	6.3.3. 組み合わせケース一覧

	6.4. 計算結果
	6.4.1. 基本集計
	① 発電量とエネルギー購入量の比較
	② システム効率
	③ 一次エネルギー削減効果

	6.4.2. 分析
	① 区分別標本数
	② FC発電量
	③ 一次エネルギー削減効果
	④ 発電寄与率
	⑤ システム効率


	6.5. おわりに

	7. 総括
	7.1. 本研究のまとめ
	参考文献
	参考資料

	1. 2世帯共有計算バックデータ及び追加集計
	1.1. 概要
	1.2. 世帯類型組み合わせ別の集計
	1.3. 項目別分析
	1.3.1. 世帯類型の組み合わせ方が省エネルギー率に与える影響
	1.3.2. 電気使用量・給湯負荷発生時間帯の影響
	1.3.3. 朝入浴世帯と他の世帯の組み合わせ効果

	1.4. SOFCタンクモジュール仕様変更の影響
	1.4.1. 概要
	1.4.2. 試算結果


	2.  HEMSデータ中のPV発電・系統売電に関する分析
	2.1. 通年発電量・売電量
	2.2. 月別発電量・売電量
	2.3. 日別発電量・売電量・売電ピーク値
	2.4. 季節別の日照条件・PV発電量

	3. シミュレーション用負荷データ（61世帯）
	4. 代表18世帯の代表日別負荷想定
	4.1. 少消費世帯
	4.2. 標準消費グループ
	4.3. 多消費グループ

	5. 家庭用燃料電池システムシミュレーションプログラム仕様
	5.1. 開発状況
	5.2. 入出力項目一覧
	5.2.1. 入出力関係
	5.2.2. データマップ（入力・出力ファイルの列項目一覧）
	5.2.3. 入出力（シミュレーション計算）に伴うファイルの動き

	5.3. オブジェクト
	5.4. 計算フロー
	5.4.1. 単体計算（SOFC, PEFC共通）


	6. 生活スケジュール・ライフスタイル調査関連資料
	6.1. 添付資料
	6.2. 調査票


