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 3.1.7  
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ṕ ṕ Ṗ

Ṗ

1 9  

 

 3.1.9 ṕt/m 3Ṗ 

 Ι 

 0.38 

 0.41 

 0.53 

 0.5~0.7 

 0.67 

 0.53 

 0.45 

ṕ Ṗ ṕ Ṗ2004 ￼ ṇ & ṇ  

 

 3.1.10   

ד  ѝ  ʸẐ 1m3►  t/m3 

        

0 0 0.35 0.38 0.41 0.41 0.47 0.49 

33 25 0.43 0.46 0.49 0.49 0.55 0.57 

43 30 0.46 0.49 0.53 0.53 0.59 0.62 

54 35 0.49 0.53 0.57 0.57 0.64 0.66 

67 40 0.53 0.57 0.61 0.61 0.69 0.72 

82 45 0.58 0.62 0.67 0.67 0.76 0.78 

100 50 0.64 0.69 0.74 0.74 0.83 0.86 

122 55 0.71 0.76 0.82 0.82 0.92 0.96 

150 60 0.80 0.86 0.92 0.92 1.04 1.08 

186 65 0.91 0.98 1.05 1.05 1.19 1.23 

ẲΙ 0.80 0.80 0.70 0.80 0.65 1.00 

ṕ Ṗ ṇ ṡ ṇ Ṣ ￼ ṇ & ṇ  

 

 3.1.11   

ד  ѝ  ʸẐ ►  m3/t 

        

0 0 2.86 2.63 2.44 2.44 2.13 2.04 

33 25 2.35 2.18 2.04 2.04 1.81 1.74 

43 30 2.20 2.04 1.90 1.90 1.69 1.62 

54 35 2.04 1.89 1.77 1.77 1.56 1.51 

67 40 1.88 1.75 1.63 1.63 1.44 1.39 

82 45 1.73 1.60 1.50 1.50 1.32 1.28 

100 50 1.57 1.46 1.36 1.36 1.20 1.16 

122 55 1.41 1.31 1.22 1.22 1.08 1.04 

150 60 1.25 1.16 1.09 1.09 0.96 0.93 

186 65 1.10 1.02 0.95 0.95 0.84 0.81 

ẲΙ 1.25 1.20 1.40 1.20 1.50 1.00 

ṕ Ṗ  

 
1 https://www.rinya.maff.go.jp/j/riyou/biomass/con_4.html 
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ểm 3 ể2.5Ṍ2.8 m3

 

 

 3.1.12  1m 3  

ʸẐ   ῁  ї  

1   2.5  www.biomasseverband.at 

1   2.6  ῑ 2006 ͑ ╠ 

1   2.62  www.nps.ie/wood-fuel-page.html 

1   2.7  ẑ ͬ″Ẏἶ ἶ AFCḸף , 9.117-122 2011  

1   2.8  Ӳ̝ 1969 Ћ ԍ  159-164 

1   2.8   ῑ 2005  

ṕ Ṗ ṇ ṡ ṇ Ṣ ￼ ṇ & ṇ  

  

500 -600kg/ m 3

120Ṍ260 kg/ m 3

500kg/ m 3

 

 

 

 3.1.12   

*1 Ḳṡ 22 Ṣṕ Ṗḭ*2 Ḳṡ ḱ

Ṣṕ Ṗḭ*3 Ḳṡ ṇ Ṣṕ Ṗ 

ṕ Ṗ ṡ 27 Ṍ 28  ṇ Ṋ

 ︣ ṇ ṕốỞṖṢṕNEDOṖ2017  
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9  

 

 

 

 

 3.1.13  ṕ  Ṗ 

ṕ Ṗṡ Ṣṕ Ṗ1952 ḭṡ ṇ Ṣṕ ṇ Ṗ2012  
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 3.1.13  ṕ Ṗ 

ד

 

ѝ

 

  ⅎ   

̬  HHV ̭̬  LHV ̬  HHV ̭̬  LHV 
Dry  Wet  Kcal/kg  MJ/kg  kWh/kg Kcal/kg  MJ/kg  kWh/kg  Kcal/kg  MJ/kg  kWh/kg  Kcal/kg  MJ/kg  kWh/kg 

0 0 4940 20.8 5.74 4620 19.4 5.37 4,700 19.7 5.47 4,380 18.4 5.09 

5 5 4,690 19.7 5.45 4,360 18.3 5.07 4,470 18.8 5.20 4,130 17.4 4.80 

11 10 4,450 18.7 5.17 4,090 17.2 4.76 4,230 17.8 4.92 3,880 16.3 4.51 

18 15 4,200 17.6 4.88 3,830 16.1 4.45 4,000 16.8 4.65 3,630 15.3 4.22 

25 20 3,950 16.6 4.59 3,570 15.0 4.15 3,760 15.8 4.37 3,380 14.2 3.93 

33 25 3,710 15.6 4.31 3,310 13.9 3.85 3,530 14.8 4.10 3,130 13.2 3.64 

43 30 3,460 14.5 4.02 3,050 12.8 3.55 3,290 13.8 3.83 2,880 12.1 3.35 

54 35 3,210 13.5 3.73 2,790 11.7 3.24 3,060 12.9 3.56 2,630 11.1 3.06 

67 40 2,960 12.4 3.44 2,530 10.6 2.94 2,820 11.8 3.28 2,390 10.0 2.78 

82 45 2,720 11.4 3.16 2,270 9.5 2.64 2,590 10.9 3.01 2,140 9.0 0.49 

100 50 2,470 10.4 2.87 2,010 8.4 2.34 2,350 9.9 2.73 1,890 7.9 2.20 

122 55 2,220 9.3 2.58 1,750 7.4 2.03 2,120 8.9 2.47 1,640 6.9 1.91 

150 60 1,980 8.3 2.30 1,490 6.3 1.73 1,880 7.9 2.19 1,390 5.8 1.62 

186 65 1,730 7.3 2.01 1,230 5.2 1.43 1,650 6.9 1.92 1,140 4.8 1.33 

 

 3.1.14  ṕ Ṗ 

ד

 

ѝ

 

  ⅎ   

̬  HHV ̭̬  LHV ̬  HHV ̭̬  LHV 
Dry  Wet  Kcal/kg  MJ/kg  kWh/kg Kcal/kg  MJ/kg  kWh/kg  Kcal/kg  MJ/kg  kWh/kg  Kcal/kg  MJ/kg  kWh/kg 

0 0 4,890 20.5 5.69 4,570 19.2 5.31 4,670 19.6 5.43 4,350 18.3 5.06 

5 5 4,650 19.5 5.41 4,310 18.1 5.01 4,440 18.7 5.16 4,100 17.2 4.77 

11 10 4,400 18.5 5.12 4,050 17.0 4.71 4,200 17.6 4.88 3,850 16.2 4.48 

18 15 4,160 17.5 4.84 3,790 15.9 4.41 3,970 16.7 4.62 3,600 15.1 4.19 

25 20 3,910 16.4 4.55 3,530 14.8 4.10 3,740 15.7 4.35 3,360 14.1 3.91 

33 25 3,670 15.4 4.27 3,270 13.7 3.80 3,500 14.7 4.07 3,110 13.1 3.62 

43 30 3,420 14.4 3.98 3,020 12.7 3.51 3,270 13.7 3.80 2,860 12.0 3.33 

54 35 3,180 13.4 3.70 2,760 11.6 3.21 3,040 12.8 3.53 2,610 11.0 3.03 

67 40 2,930 12.3 3.41 2,500 10.5 2.91 2,800 11.8 3.26 2,370 10.0 2.76 

82 45 2,690 11.3 3.13 2,240 9.4 2.60 2,570 10.8 2.99 2,120 8.9 2.47 

100 50 2,450 10.3 2.85 1,980 8.3 2.30 2,340 9.8 2.72 1,870 7.9 2.17 

122 55 2,200 9.2 2.56 1,720 7.2 2.00 2,100 8.8 2.44 1,630 6.8 1.90 

150 60 1,960 8.2 2.28 1,470 6.2 1.71 1,870 7.9 2.17 1,380 5.8 1.60 

186 65 1,710 7.2 1.99 1,210 5.1 1.41 1,630 6.8 1.90 1,130 4.7 1.31 

Ḳ ṕ99Ṿ Ṗ 6Ṿ ︡ Ḯ 

ṕ Ṗ ṇ ṡ ṇ Ṣ ￼ ṇ & ṇ  
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1.2  

JIS 2

 

 

 

22 12 ṕ Ṗ24 5

ṕ Ṗ

26 11

JIS  

 

 3.1.15   

ᴜ  Ӵ̬ Class 1 Class 2 Class 3 Class 4 

ԍ  
 

℅ Ћ  

ы ›ḹ  

℅ Ћ  

ы ›ḹ  

 

℅ Ћ  

ы ›ḹ  

 

҆ὑ  

 

ы  

℅ Ћ  

ы ›ḹ  

 

҆ὑ  

 

ы  

ӓἶы ›ḹ  

ӓἶы  

 
 

ўѹ  ўѹ  

ᾋ  P 
 

P16 P26 P32 P45  

ѝ( Ḩ ) 

M 

% M25 M35

 

M25 M35 M45 M55  

ѝ A w-% dry β

1 

A1.0֔1.0  A1.5֔1.5  A3.0֔3.0  A5.0֔5.0  

 N w-% dry β

1 

ˈ ˈ ֔ 1.0 β2 

Ṋ  Cl w-% dry β

1 

ˈ ˈ ֔ 0.1 β2 

 As mg/kg dry ˈ ˈ ֔ 4.0 β2 

 Cr mg/kg dry ˈ ˈ ֔ 40 β2 

 Cu mg/kg dry ˈ ˈ ֔ 30 β2 

Ṗ ḭ ḭ ṕ ḭ Ṗḭ ḭ כֿךּ  

ẑ1 w- % dry Ḳ ṇ ṕ Ṗ 

ẑ2 ︡ḭ ךּ Ḯשּ לּ ḭ ךּ ︣ כֿ  

ṕ Ṗ ṇ ṡ Ṣ 

 

  

 
2 ♅♇ⱪ⌐≈™≡│⁸ 26 11 ⌐ Ᵽ▬○ⱴ☻◄Ⱡꜟ◑כ ⅜ ⇔√₈ ♅♇ⱪ─ ₉⅜№╢⁹Ɑ꜠

♇♩⌐≈™≡│⁸ Ɑ꜠♇♩ ⅜ ⇔√₈ Ɑ꜠♇♩ ₉╛Ɑ꜠♇♩◒ꜝⱩ⅜ ⇔√₈ Ɑ꜠♇♩ ⌐ ∆╢

₉⅜№╢⁹√∞⇔Ɑ꜠♇♩◒ꜝⱩ│⁸2014 │ ISO─ ╩ ∆╢╙─≤⇔≡™╢⁹ 
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 3.1.16   

ᾋ Ӣѝ ᾋ  

Ӣѝ 

ⱨ  

(

10 ) 

ʺ  

(  

80 ̊ʣ) 

Ẏ  

(  

10 ) 

Ẏ  

P16 4mm 4-16mm 16-32mm 85mm 

P26 4mm 4-26mm 26-45mm 100mm 

P32 8mm 8-32mm 32-63mm 120mm 

P45 16mm 16-45mm 45-90mm 150mm 

ѝӢѝ Ѯ  

Ӣѝ 
ѝ M 

Ḩ ד  

֓  

ˏ Ḩ ד  

M25 ˏ  25% 33% 

M35 ˏ  26-35% 34-54% 

M45  36-45% 55-82% 

M55  46-55% 83-122% 

M 55% ᾍ Ẇ 

ѝӢѝ 

Ӣѝ ѝ % 

A1.0 A 1.0 

A1.5 A 1.5 

A3.0 A 3.0 

A5.0 A 5.0 

ṕ Ṗ ṇ ṡ Ṣ 

 

 

JIS
3

 

2014 ISO ṕISO 17225 Ḳ2014 Ṗ

 

 

 

  

 
3 ♅♇ⱪ⌐≈™≡│⁸ 26 11 ⌐ Ᵽ▬○ⱴ☻◄Ⱡꜟ◑כ ⅜ ⇔√₈ ♅♇ⱪ─ ₉⅜№╢⁹Ɑ꜠

♇♩⌐≈™≡│⁸ Ɑ꜠♇♩ ⅜ ⇔√₈ Ɑ꜠♇♩ ₉╛Ɑ꜠♇♩◒ꜝⱩ⅜ ⇔√₈ Ɑ꜠♇♩ ⌐ ∆╢

₉⅜№╢⁹√∞⇔Ɑ꜠♇♩◒ꜝⱩ│⁸2014 │ ISO─ ╩ ∆╢╙─≤⇔≡™╢⁹ 
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A1

 

 

 3.1.17  ṕENplusṖ 

    Ӵ  ̬ A1 A2 B 

♄(D) mm 6(±1) 8(±1) 

 (L) mm 3.15 L 40 

Ὥ↓(BD) kg/m3 600 

(Q) MJ/kg 16.5 Q 19 16.3֔Q 19 16.0 Q 19 

ѝ(M) w-% 10 

ⱨ (F)(<3.15mm) w-% 1 

ʿҘ(DU) w-% 97.5 96.5 

ѝ(A) w-% 0.7 1.5 3.0 

  1200 1100 

Ṋ (Cl) w-% 0.02 0.03 

(S) w-% 0.03 0.04 

(N) w-% 0.3 0.5 1.0 

(Cu) mg/kg 10 

(Cr) mg/kg 10 

(As) mg/kg 1 

(Cd) mg/kg 0.5 

(Hg) mg/kg 0.1 

(Pb) mg/kg 10 

(Ni) mg/kg 10 

ˡ (Zn) mg/kg 100 

ṕ ṖṡENplus Handbook  Part3: Pellet Quality version 3.0 2015 Ṣ ￼ ṇ & ṇ  
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 3.1.18   

ᴜ  Ӵ̬ Ḩ   

A B C  

♄ ᴀ ᾋ (1)  D mm 6 7 8 
(2)  L mm L 30 mm 95 ̊ʣ L 40 mm  

Ὥ↓  BD kg/  650 BD 750 

ד Ḩ   U %(3) U 10 

ⱨ   F %(3) F 1.0 

ʿר  DU %(3) DU 97.5 

  Q ̬  MJ/Kg (3) 18.4 4,390 kcal/kg) 17.6 4,200 kcal/kg) 

̭̬  MJ/Kg (3) 16.5 3,940 kcal/kg) 16.0 3,820 kcal/kg) 

ѝ  AC %(4) AC 0.5 0.5 AC 1.0 1.0 AC 5.0 

  S %(4) S 0.03 S 0.04 

  N %(4) N 0.5 

Ṋ   Cl %(4) Cl 0.02 Cl 0.03 

  As mg/kg (4) As 1 

  Cd mg/kg (4) Cd 0.5 

Ћ   Cr mg/kg (4) Cr 10 

  Cu mg/kg (4) Cu 10 

  Hg mg/kg (4) Hg 0.1 

  Ni mg/kg (4) Ni 10 

  Pb mg/kg (4) Pb 10 

ˡ   Zn mg/kg (4) Zn 100 

(1)  6 mm 8 mm  

(2)  3.15mm  

(3)  ṕ Ṗ 

(4)  ṕ Ṗ 

ṕ Ṗ ṇ ṇ ￼ ṇ & ṇ  
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1.3  

ẓ ẓ ṕ Ṗẓ ẓ

ṕ Ṗ

 

 

 3.1.19   

›    

̛Ώ К ў Ώ ̸   

Ὣ  К ʸẐ  ̸  

ў  ̛Ώ ў

ѫ ֯ ʸẐ ў ї ̸  

 

 ʸẐ ᶽḹ  ̸

 

 ᶽḹ ʸẐ ♄ ꜘ

ῇ ̸  

 

ṕ Ṗ ṡ ḱ Ṣ 25 ￼ ṇ & ṇ  

 

 

 

 3.1.14   

ṕ Ṗ ṡ 27 Ṍ 28  ṇ Ṋ

 ︣ ṇ ṕốỞṖṢṕNEDOṖ2017  
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FS Ḳ  

FS

 

  

a.  

ṕ Ṗ 50  

b.  

50 ha 400m 3/ha ha

8m 3/ ha

 

c.  

 

d.  

c  

 

e.  

ṕ Ṗ

ṕ Ṗ

 

  

  

a. ṕ Ṗ  

ṕ Ṗ 

b. ṕ Ṗ 

 

c.  

 

d.  
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e.  

ṕ Ṗ

 

f. ṕ Ṗ 

 

(JCOAL) FS

 

 

 3.1.20   

 

ṕ Ṗ ṇ ṇ ṡ2018 Ṍ2019  ṇ

Ṋ Ṋ ︡ ṇ 

(FS)Ṣ(NEDO)2019  
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1.4  

 

 

 

 

 3.1.21   
  ᶥ ╛ўѹ   

ᾍ  

 

┴ ∕ ὤᾶ ̱  ̛ ᷂  ̛ ᷂  

Ẏ Њ◐  

ὄ 

W1500 H350 L4000 550 L4000 750 L4000 

ꜘ ѝ  Њ ʥ֯ ḹֻ  Њ֯  Њ֯  

♥◐  ◐ ўѹ ◐  ўѹ ◐  

ʣ ⱪ ¶ ╛  

¶ Ḍ ₳ Њ͑ ╛

̂  

¶ Ẁ ↓

֯  

¶ Њ ʣʤ

ὄὑ͑ ₡ᶃ

Ѱ ὄὑ

֯  

¶ ᶥ ╛ўѹ  

¶ ўћ ֝̂ ↓Ẁ ўѹ

Ԍ ֯  

¶ Њ֥ Ẏ ͑ ᾋ

Ẏ♄ 550mm Њ֯

 

¶ Њ

ὄὑ͑ ֯  

¶ ᶥ ╛ўѹ  

¶ Њ ↓ ћϼ їᾋ

Ẁ ўѹ ↓

Ԍ ֯  

¶ Њ ʣʤ

ὄὑ͑ ₡ᶃ

Ѱ ὄὑ

֯  

 ¶ ┴ ∕ ὤᾶ ̱ ˏ

ὄὑ Ẏ

֯  

¶ ι

▌  

¶ ̛ ᷂

ׄ ўѹ ֯

 

¶ ̛ ᷂

ׄ ўѹ

֯  

¶ ы

Ҙ Ẏ ϊׄ  

 ¶ 

 

¶ ў ћ ι ▀

 

¶ ρ

ϊׄ  

¶ ў ћ ι ▀

 

¶ ρ

ϊׄ ὑ ╛

╛

ὄ  

ṕ Ṗ ￼ ṇ & ṇ  
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ṕ Ṗ  

 

 

ṕ Ṗ

Ṅ

 

 

 

 

 

 3.1.22   

  Ӵ̬    Ӵ̬ 

ԍ  ѝ  w  ρ Ҙ t/h 

Ὥ↓ t/m3 ʸẐы Ҙ t/h 

ᾋ  mm  h/  

ṕ Ṗ ￼ ṇ & ṇ  
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FS Ḳ ṇ  

FS

 

 

 

ṕ Ṗ 1,450t/

20,084 /t  

 

 

 3.1.15   

ṕ Ṗ ṡ2018  ṇ / /

︡ (FS)Ṣ2019  

 

 3.1.23   
›   ₴  

ӧЛ/₴  

 

(t/₴  

 

Л/t  

Ẏ  ͔Ϭԁ   797  1,450  550  

 674  465  

ʹ   319  220  

 337  232  

  472  325  

 721  498  

˲̏  2,172  1,498  

 5,491  3,787  

҄ ͔Ϭԁ  ҄  679  469  

 0  0  

ʹ  ҄  64  44  

 55  38  

 ҄  644  444  

 21  15  

˲̏  2,452  1,691  

 3,916  2,701  

ѩ ͔Ϭԁ   1,515  1,045  

ʹ   258  178  

  1,181  815  

˲̏  5,360  3,697  

 8,313  5,734  

ўѹ ͔Ϭԁ   768  530  

 0  0  

ʹ   110  76  

 55  38  

  1,300  897  

 38  26  

˲̏  2,028  1,399  

 4,298  2,965  

 ˲̏  526  363  

 526  363  

 ͔Ϭԁ   2,090  1,442  

10t) 952  657  

4t) 300  207  

ʹ   170  117  

2t) 189  131  

8t) 280  193  

  76  53  

14t) 569  392  

20t) 242  167  

˲̏  1,706  1,177  

 6,576    4,535  

ֻ  29,121  20,084  

ṕ Ṗ  
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ṕ Ṗ  

 

 3.1.16   

ṕ Ṗ  

 

 3.1.24  ṕ Ḳ1/2 Ṗ 
›   ₴ t/₴  

1,500 3,000 5,000 10,000 

₴  

(ӧЛ/₴  

1t

 

Л/t  

₴  

(ӧЛ/₴  

1t

 

Л/t  

₴  

(ӧЛ/₴  

1t

 

Л/t  

₴  

(ӧЛ/₴  

1t

 

Л/t  

Ẏ  ͔Ϭԁ   788  525  1,091  364  2,129  426  4,259  426  

 666  444  666  222  666  133  931  93  

ʹ   315  210  436  145  852  170  1,704  170  

 333  222  333  111  333  67  466  47  

  452  301  904  301  1,506  301  3,012  301  

 210  140  419  140  698  140  1,397  140  

˲̏  2,243  1,495  4,486  1,495  7,476  1,495  14,952  1,495  

 5,006  3,337  8,334  2,778  13,661  2,732  26,720  2,672  

҄ ͔Ϭԁ  ҄  679  453  679  226  675  135  2,109  211  

ʹ  ҄  64  43  64  21  64  13  200  20  

 110  73  110  37  110  22  110  11  

 ҄  234  156  468  156  780  156  1,560  156  

 21  14  41  14  68  14  137  14  

˲̏  4,407  2,938  8,814  2,938  14,689  2,938  29,379  2,938  

 5,515  3,677  10,176  3,392  16,386  3,277  33,494  3,349  

ѩ ͔Ϭԁ   1,541  1,028  4,701  1,567  7,052  1,410  11,753  1,175  

ʹ   262  175  800  267  1,200  240  2,000  200  

  1,224  816  2,448  816  4,080  816  8,160  816  

˲̏  4,407  2,938  8,814  2,938  14,689  2,938  29,379  2,938  

 7,434  4,956  16,763  5,588  27,021  5,404  51,291  5,129  

ўѹ ͔Ϭԁ  Ҳ╛  3,848  2,565  3,848  1,283  3,848  770  3,848  385  

ʹ  Ҳ╛  84  59  169  56  282  56  563  59  

 Ҳ╛  198  132  395  132  659  132  1,318  132  

˲̏  108  72  215  72  359  72  717  72  

 4,237  2,825  4,627  1,542  5,147  1,029  6,446  645  

 ˲̏  143  96  287  96  478  96  956  96  

 143  96  287  96  478  96  956  96  

 ͔Ϭԁ  4t  300  200  300  100  300  60  300  30  

10t  944  629  944  315  944  189  1,850  185  

ʹ  4t  280  187  280  93  280  56  280  28  

10t  188  125  188  63  188  38  368  37  

 4t  36  24  36  12  36  7  36  4  

10t  182  121  434  145  770  154  1,611  161  

˲̏  1,481  987  2,302  767  3,396  679  6,133  613  

 3,409  2,273  4,483  1,494  5,914  1,183  10,578  1,058  

ֻ  25,745  17,164  44,670  14,890  68,606  13,721  129,486  12,949  

ṕ Ṗ  

 

 

ṕ Ṗ  

 

 3.1.17   

ṕ Ṗ  
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 3.1.25  ṕ Ḳ1/2 Ṗ 
›   ₴ t/₴  

1,500 3,000 5,000 10,000 

₴  

(ӧЛ/₴  

1t

 

Л/t  

₴  

(ӧЛ/₴  

1t

 

Л/t  

₴  

(ӧЛ/₴  

1t

 

Л/t  

₴  

(ӧЛ/₴  

1t

 

Л/t  

Ҳ ў

ѹ 

͔Ϭԁ  Ҳ╛  3,848  2,565  3,848  1,283  3,848  770  3,848  385  

ρ  Ҳ╛  84  56  169  56  282  56  563  56  

 Ҳ╛  303  202  607  202  1,081  216  2,022  202  

˲̏  165  110  330  110  588  118  1,100  110  

 4,400  2,934  4,953  1,651  5,799  1,160  7,533  753  

 ˲̏  143  96  287  96  478  96  956  96  

 143  96  287  96  478  96  956  96  

 

͔Ϭԁ   318  212  405  135  629  126  1,741  174  

ρ   284  189  289  96  346  69  567  57  

  218  145  470  157  806  61  1,647  165  

˲̏  1,588  1,059  2,517  839  3,755  751  6,851  685  

 2,408  1,605  3,680  1,227  5,536  1,107  10,805  1,081  

ֻ  6,951  4,634  8,920  2,973  11,813  2,363  19,294  1,929  

ṕ Ṗ ṡ2018  ṇ / /

︡ (FS)Ṣ2019  

 

 

3 2 ṕ

Ḳ1,450t Ḳ1,500t Ṗ Ṅ356 /t(

) 12,885 /t ṕ Ṗ 1

 

 

 3.1.26   
 Ҟ   

t/₴  

 

Л/t  

  1,450 20,084 

›ḹ  1,500 19,729 

3,000 16,172 

5,000 14,491 

10,000 13,333 

2ѝ 1 1,500 17,164 

3,000 14,890 

5,000 13,721 

10,000 12,949 

3ѝ 2 1,500 16,309 

3,000 14,462 

5,000 13,465 

10,000 12,820 

ʴ ›ḹ  1,500 7,199 

3,000 4,256 

5,000 3,132 

10,000 2,314 

2ѝ 1 1,500 4,634 

3,000 2,973 

5,000 2,363 

10,000 1,929 

3ѝ 2 1,500 3,779 

3,000 2,546 

5,000 2,106 

10,000 1,801 

ṕ Ṗ ṡ2018  ṇ / /

︡ (FS)Ṣ2019  
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NEDO FS

 

ṕ Ṗ

 

 

 

 3.1.18   

ṕ Ṗ ṡ 28  ṇ Ṋ  

ḱ ︡ ṇ ṕốỞṖṢṕNEDOṖ2017  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 37  
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 3.1.27   

 ╛ ╛ 

 ԍ ◐♄ Ἡ

Кζ Њ

Кζ Ẇζ

ׄ ᶿ ԍ

ї Ḍ  

ԍ ◐♄ Ἡ Л

ʣ Њ

ʣ ʤ ׄ

ᶿ ԍ ї

◐  

ʺ ⱪ ʝ Ѧ► Ҙ Ẏ  

Ẏ 

◐ ҲҘ Ẏ  

ʝ Ѧ► Ҙ  

ᾛ 

◐ ҲҘ ᾛ  

ԍ ԍ ר

ʥׄ ⱨ ⱳ

 

ᶥ Ҙ

ԍ ר ̏

ὑ 1.5 2 Ί Ҙ ї

 

ᶥ ԍ ⁵ʣ

З қ

̂ₑ ρ ḹֻ  

ѫ 

₦ⅎ ԍ ᾍꜘ  

ᾛ  

ὑ ̊ʣ Ҙ ♅  

ԍ ⁵ ʣ

қ ʥ  

ᴜ  ὑ₡ ϐ ᷈ ֯  Кק Ẇק ↓ ӓ ⁪

ї  

ʿר ר ר   ̭

ὦ  ר  

ρ   

лԁᶅ ̂ₑ ρ ⱳ  

ὄ͔ 

Ћ̱ ᶅ  

ṕ Ṗ ṡ 28  ṇ Ṋ  

ḱ ︡ ṇ ṕốỞṖṢṕNEDOṖ2017  

 

ṕ Ṗ

500kg/h 

 

 

 

 

 3.1.19ṕ Ṗ ṕṖ  

ṕ Ṗ ṡ 28  ṇ Ṋ  

ḱ ︡ ṇ ṕốỞṖṢṕNEDOṖ2017  
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ṕ Ṗ 

NEDO FS 60 Ṍ80 /L

25 Ṍ35 /kg ể

23Ṍ32 /kg  

 

 

 3.1.20 ṕ Ṗ 

ẑ ṇ ṇ ṇ ︡ ḭ ṡ ė ú Ṣ Ḯ

 36.7MJ/L ḭ 39.1MJ/L ḭ  16.7MJ/kg  

ṕ Ṗ Ṋ EECLṡ 28  ṇ Ṋ

 ︠︣ ṇ ṕốỞṖṢṕNEDOṖ

2017  

 

FS 150kW 350 /

1kg 10 /kg 13 Ṍ

22 /kg  

 

 3.1.21   1kg  

 ₴ [Л/₴] 1kg ► [Л/kg] 

̈ 500,000 1.4 

 500,000 1.4 

˲̏  500,000 1.4 

ρ ͔Ϭԁ  2,000,000 5.7 

ֻ  3,500,000 10.0 

ẑ  30,000,000 ṇ  15 ︣ ︡ḭṡ ė Ṭ 30,000,000 ė

15 Ṭ2,000,000 / Ṣ Ḯ 

ẑ 1kg ṡ ė Ṣ Ḯ 

ẑ  150kW ṇ ︡ḭṡ ṇ ú24h/ ú 365 / ú 

ṇ ė ṇ ė Ṭ150kW ú24h/ ú365 / ú3.6MJ/kWh ė0.8ė16.7MJ/kg ὀ350,000kg/ Ṣ

Ḯ 

ṕ Ṗ Ṋ EECLṡ 28  ṇ Ṋ

 ︠︣ ṇ ṕốỞṖṢṕNEDOṖ

2017  

 

 

  

 

/L 

95 100 105 110 90 85 80 75 70 65 60 55 50 

10 

 

0 

  

60 

 

50 

 

40 

 

30 

 

20 

/k
g
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1.5  

 

ṕ Ṗ

 

ṕ Ṗ  

 

 

 

ṕt/h Ṗ  

 

 

 

ṕ ḲmmṖ

 

ṕ Ṗ
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 3.1.28   

ѩ   Ҳ     ᶥ╛  

Ẇ  

 

 

 

 

 

 

 

ѩᾍ  
∕  ∕  

∕

 

ꜘ ѝ  
ˏ

ѩ֯  

ˏ

ѩ֯  

ˏ

ѩ֯  

ʣ

ⱪ 

ѩ

Ҳ ы

Њζ їζ Ҳ

ѝ  

̱ ᶥ Ҳ

ы

Њζ їζ

Ҳ

ѝ

 

ʝ ѝ

ᶥ  

ᶥ ы

ʣ ˗ ᾜ

Ẏ

Ҋֻ

ᾜ  

˘ ╛ 3

ѝ ֯  

 
ὦ  

ы Ҙ Ẏ  

̭ ᶥ ̭ Ҳ ̭

 

ᶥ╛ ̭ Ҳ ̭  

ʣ

 

˘ ╛ 3

ѝ ֯  

 
ᶥ╛

Ҳ 

ʣ

 

ʣ 4 ֞

ⱳ  

ṕ Ṗ Ḳ  
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1.6  

 

 

O&M

 

 

 

 3.1.29   

ˏ  ˏ ᾍ    

ẏ ˏ  ʸẐ Ẑ ѫ

ҧ  

 

ѧ ̭ ᾶẆ ᾶ

 

ḹ ⱳ  

ˏ  

ˏ ↓ֻ ἳ ẀҲ  

  Ẑ ѫ

ҧ  

ѧ ̭  

ʣ

Ӿ  

ʣ ˏ ₳

ʸẐ ˏ ̊ʣ ḹ ⱳ  

ˏ  

˲›ˏ  ʸẐ ẏ ˏ  

 

֛ ӓ 

ѧ ˏ ρ 

  ẏ ˏ  

 

ˏ Њ  ֯

֛ ӓ 

ѧ ˏ ρ 

ṕ Ṗ ￼ ṇ & ṇ  

 

50% 30%

FIT 1

 

 

ṕ Ṗ  

NEDO

50% 1

50% 1

1 73%  
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 3.1.22  FS  

ṕ Ṗ ṇ ṇ Ṋ ṡ 27 Ṍ 28  ṇ

Ṋ  ︡ ḱ ṇ

º ṇº ṕốỞṖṢṕNEDOṖ2016  

 

 

 

FS

 

 3.1.30  FS  

 ᶥ ╛ˏ  Ҳ῁╛ 

ⅎ   ⅎ   

ˏ ↓ ( ) 150 150 150 150 

ˏ Ѽ  (kg/h) 60.0 36 36 19.8 

Њ֥ ѝ (%WB) 40.2 61.7 43.2 61.8 

Њ֥ Ὥ↓ (kg/ ) 315 290 315 290 

ї֥ ѝ (%WB) 5.6 9.4 6.1 6.1 

ї֥ Ὥ↓ (kg/ ) 290 130 250 130 

ѝ  (kg/h) 35.9 13.8 20.4 7.6 

ˏ ♥  (kg/h) 38.0 15.2 21.8 8.1 

ѝ (kg/h) 22.0 20.8 14.2 11.7 

ˏ ↓ 47.9kg/m3h 45.3kg/m3h 105.4kg/m3h 87 kg/m3h 

ͪ  (%) 11.8 11.8 (130mm) (130mm) 

 (min) 21 27 12 18 

ṕ Ṗ קּ  

ṕ Ṗ ṡ 28  ṇ Ṋ  

ḱ ︡ ṇ ṕốỞṖṢṕNEDOṖ2017  

 

CHP

CHP
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2

 

 

 

 3.1.23  FS  

ṕ Ṗ ṡ 27 Ṍ 28  ṇ Ṋ

 ︣ ṇ ṕốỞṖṢṕNEDOṖ2016  

 

 

 3.1.31   

 ѝ ὄ  

ʸẐ ̛  50 60% 

ᾶẆ ˏ ʸẐ 30 40% 

  40 50% 

ᾶ ʤ 1 ₴ˏ Ҋ  30 35% 

  50 60% 

ᾶ ʤ ͪ  30 40% 

 25 60% 

┴ ∕  10 40% 

∕ ⅛ ֝ ♥ ∕ ⅛ 55 80% 

ẏ ₲ ♥ ∕ ⅛ 30 50% 

 ֝ ♥  50 60%% 

ᾶК ˏ  30 40%% 

 ֝ ♥  40 60% 

Ṗ ︣ ḭ ṡ Ṣ אל  Ḯךּ

ṕ ṖNEDO FS ￼ ṇ & ṇ  
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FS Ḳ ︡  

&

400

FS

 

FS ṕ Ṗ 

Ệ

 

1)   

2)   

3)   

4)   

 

 

 3.1.24   

( )  ṇ &  
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 3.1.32   

 

( )  ṇ &  

 

ṧ 3

30% 2.5

600m 2 9 1.3t CO2

FS

1 20%

3,500 FS

400

 

 

 3.1.33   
 ẏ ˏ  Ẑ ˏ  ˏ  

ˏ  ᶽḹ ʸẐ

ˏ  

Ẑ ˏ

 

ˏ  

ˏ Ѽ ד  50%-WB Ḩ ד  50%-WB 50%-WB 

ˏ ♥ ד  30%-WB 30%-WB 30%-WB 

  16t 0.4t 

ˏ  2.5  1 6  1  

ˏ ᶥ   21ᶥ/₴ 847ᶥ/₴ 

Ẑ   80m2  

ⱳ ᶽḹ ┴ᾶ  600m2 80m2 30m2 

̸   21  212  

 480ʠЛ 3500ʠЛ 1000ʠЛ 

̓   13,864kWh/₴ 234,034MJ/₴ 

  271,734Л/₴ 364,290Л/₴ 

CO2 ї   7,681 CO2-kg 20,916 CO2-kg 

( )  ṇ &  
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ṕ Ṗ  

ṕH 1Ṗ

ṕH 1aṖ ṕH 1bṖ  

H 1   Ṭ  H 1a  ṧ H 1b  ṕ5.1Ṗ 

ṕH 1aṖ ṕ5.2Ṗ  

H 1a   Ṭ V 0ỷ 0C 0ṕπƁ2Ṩ π 1Ṗ ṕ5.2Ṗ 

V 0 Ḳ ︣ ṕm 3Ṗḭỷ 0 Ḳ ṕkg/m 3ṖḭC 0 Ḳ ṕkcal/kgṹṖḭ 

πƁ1ḭπƁ2 Ḳ ṕṹṖ 

ṕH 1bṖ ṕ5.3Ṗ  

H 1b   Ṭ  Ỳ ṕπƁ2Ṩ π 1Ṗ ṕ5.3Ṗ 

Ỳ Ḳ ṕkgṖḭu a Ḳ  ṕṾṖḭπƁ1ḭπƁ2  Ḳ ṕṹṖ ḭ

פּפּ ṕH 2aṖ ḭ ṕ5.4Ṗּפ Ḯ 

H 2a   Ṭ  ỷ 0V 0(ṕ u a Ṩ 30 ṖṊ 100 úQ  ṧ ṕ 30 Ṩ u b ṖṊ 100 úṕQ ṧ 20  ṖṖ ṕ5.4Ṗ 

Q : ṕkcal/kg ṖḭQ ṧ 20 Ḳ 30% ṕkcal/kg Ṗḭ 

u a : ḭ u b : ּצ ṕṾṖḭ ךּ ḭנּ 560kcal/kg ︡ Ḯ 

H total ṕH 1Ṗ ṕH 2aṖ  

H total 1.57 H all  

ṕ Ṗ  

V 0 Ḳ ︣ ṕm 3Ṗḭ579m 3 

ỷ 0 Ḳ ṕkg/m 3Ṗḭ500kg/m 3 

C 0 Ḳ ṕkcal/kgṹṖḭ 0.38kg/kgṹ 

πƁ1ḭπƁ2 Ḳ ṕṹṖḭ πƁ1 Ṭ40ṹḭ πƁ2Ṭ 30ṹ 

Ỳ1 Ḳ ּצ 30% ṕkgṖ 

u a Ḳ ṕṾṖḭ50%  

u bể : ּצ ṕṾṖḭ30%  

Q : ṕkcal/kg Ṗḭ560kcal/kg  

M 0 ḭM 0 Ṭ V 0 ú0.83t/m3Ṭ480t  

MṬ ḭ MểṬ צּ 30% ︣ ḭu a Ṭ

ṕM
0
ṨMṖ/ M

0
ú100 

u b1 ṬṕM
1
ṨMṖ/ M1ú100 

MṬ240t ḭ M
1 
Ṭ341t  Ỳ1 ḭỲ1ṬM0Ṩ M

1
Ṭ141t  

ṕ Ṗ  

50% -WB ẓ 30% -WB  

H 1a Ṭ V 0ỷ 0C 0ṕπƁ2Ṩ πƁ1Ṗ Ṭ 2,750,250kcal  

H 1b Ṭ Ỳ ṕπƁ2Ṩ πƁ1Ṗ Ṭ 3,480,000kcal  

H 2a Ṭ ỷ 0V 0(ṕ u a Ṩ 30 ṖṊ 100 úQ ṧ ṕ 30 Ṩ u b ṖṊ 100 úṕQ ṧ 20 ṖṖṬ32,424,000kcal  

H totalṬ H 1a ṧ H 1b ṧ H 2a Ṭ38,654,250  kcal  

H all Ṭ 38,654,250 ú 1.57 Ṭ 60,687,172 kcal Ṭ60,687,172kcal ė 238.85[kcal/MJ Ṭ 254,081MJ  

39.1MJ/L 0.842  

254,081MJ  ė 39.1MJ/L ė 0.842 Ṭ 7,718L  
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2   

 

2.1  

(º

º) (¬ º)  

BTGṕ Ṗ 

BTG( )

 

PKSṕ Ṗ Ṅ 2MW

20% 5MW  

ORCṕ Ṗ 

ORCṕ Ṗ

80ṹ 300

 

 

/  

 

 

 3.2.1  

ṕ Ṗ /E2 ṡ 27 Ṍ 28  ṇ

Ṋ  ORC ︡ ṇ

ṕốỞṖṢṕNEDOṖ2016  
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 3.2.2  

ṕ Ṗ ṡ Ễ ṇ Ṣ ￼ ṇ & ṇ  
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 ṕBTGṊORCṖ 

 

 

 3.2.3   

ṕ Ṗ ￼ ṇ & ṇ  

 

ṇ  

3

Ṅ  

 

 3.2.1  

  

Ҳ῁  

Bubbling Fluidized Bed  

Ὑ⅝ ᶉї Ҳἁ̱

50 ↓ Ҳἁ̱

↓ ╛  

ⱦ Ҳ῁  

Circulating Fluidized Bed  

Ὑ Ҳ῁ ֿ ṃ ↓

ἧ ї֥ Ḣ ʣ

ἧ ї֥ П ⱦ Ḍ  

╛  Ὑ ἧ ̧ Ҳ

◐╛ ʣ ↓ Ҳ῁╛  

 

ṕ Ṗ ￼ ṇ & ṇ  

 

 

  

ṕ Ṗ
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 3.2.2  

 

ṕ Ṗ ￼ ṇ & ṇ  

 

50% 20Ṍ30%

10% Ṅ

 

ṕ / Ṗ

 

 

 3.2.3  

 ̏ 

◐ ¶ ר / ѩ  

¶ ѝ  

¶ ̭̬  

¶ ѝ 

ר ¶ ⁪ ѝ Ι ѝ Ι  

 ¶  

¶ ͑  

̏ ¶  

¶ ẀҲ 

¶ ѰⱣ  

¶ ֝  

ҧ  ¶ ҧ  

ṕ Ṗ ￼ ṇ & ṇ  

86Ṍ88Ṿ 85Ṍ90Ṿ 80Ṍ85Ṿ

0.5Ṿ 0.5Ṿ 1Ṍ1.5Ṿ

1Ṍ1.5 ṕ Ḳ 1.5Ṍ 7ṾṖ

50 Ṍ 100

100 50mm

ṕ Ḳ1Ṍ2m/sṖ ṕ1.5m/s Ṗ

800Ṍ900ṹṕ NOX Ṗ

NOX 100Ṍ200ppm 50Ṍ150ppmṕ2 ṧ Ṗ 250ppm

50Ṿ ṕ Ṗ

50Ṍ60Ṿṕ Ṗ 50Ṿṕ Ṗ 30Ṿ

4 ṕ Ṗ 5 ṕ Ṗ 2

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ ṕ Ṗ

50 Ṍ100 25Ṍ40mm 100mm

ṕ5MṖ  10M Ṍ

BFB CFB

1 2m/s
4 6m/s

1 2m/s
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 3.2.4  

 Ӵ̬   Ӵ̬ 

ѝ  w  Ẏ  t/h 

 t/  ᶿҘ MPa 

Њ  mm ↓  

̭̬  MJ/kg  h/₴ 

Ὑ ὦ  m3   

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 

 

 

 

 

ṕ

Ṗ
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 3.2.5  

ρ  

  

̱ 

ᶿҘὦᶅ Ὑ

ᾑ̟ ̟ ʴ ᴇ қ

ѝ  

 

 

ⱦ ѝ ὦᶅ

ᴇ ʝ ѝ ד ᶅ

̸ ҧ ׄʣ ḹʟֻ ẉ ᴇ ḹֻ  

 

ᶅ 

↓ ˔ ҧ ׄʣ ꜘҘ ̭

ᶫ  

˔ ᶅ ˔ ᶅ Ὑ ⱳ қ ᶅ

ᶅ ˧ Ѽ ╛

˔ ᶅ ♥ ╛ ˔ ᶅ ᴀ  

╛ ˔ ᶅ ᶥ֛ ҧ ׄʣ ♅  

 

 

 

 

ᶅ ы

 

ᶅ ᶅ ʴ ֒

қ ᶅ  

Њ 

 

Њ Ι̊ʤ ͪ

҃ H ѝ ֒

҃ ʴ Ἥ ֒  

◐╛ ὦ ̓ ᶿҘ

Ι ὑ  

 

ʴ ʥ Њ ᴜ ◙ Ι̊

ʤ Ẇ ї  

י

 

̂ ᶿ י ֒

̂ ֒ ̭ʤ Ҙ

ͪ  

ὄЋ╓ ᶿҘ ὑᶿҘ̊ʣ ḹֻ К ᶿҘ ʤ

 

 ̬ ʣʤ ὑ ̬ ᶅ  

ṕ Ṗ ￼ ṇ & ṇ   
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ṕ Ṗ

ṕ Ṗ

 

3

MCRṕMaximum Continuous RatingḲ Ṗ ECRṕEconomical 

Continuous Rating Ṗ 3 MCR ECR
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 3.2.4  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

ṕ Ṗ

ṕ Ṗ
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 3.2.6  

  

ⱥ  ї֥ ⱥ ᶅ л╛ ╛ Ẏ ᶿ ̭ ᶿ

ш Ẏ ѫ ╛ ʺ ˗ ḹֻ ρ

 

ᶿ  ї֥ ᶿ Ẏ ᶿ ᴇ ↓100 ̊ʣ

ѫ ᾛ ̀ ᶿ л Ὑ ѫ

ḹֻ ͈  

ᶿ ̏ Ṹ Ϯϼ К Ҙ ѝ ↓

К Ẇ ͑ ḹֻ ˗ ӓ ֯ ר  

ⱥ  ⱥ ʴ К ⱳ ї ̭ᶿ ѫ

ⱥ ᶅ ᶅ ╛ ˔ ᶅ

КҲҘ ѫ ḹ  ֻ

ʝ ѫ Ҳ╛ ⱥ

͈ ẉ  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

ṕBTGṖ

FIT 2,000kW BTG

1,500kW  

ORC

 

 

 

 3.2.5 їҘ ҧ ͜ 

ṕ Ṗ ￼ ṇ & ṇ  

 

 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

kW

 (

)
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ṕ Ṗ

 

ṕ Ṗ

 

 

 3.2.7  

 Ӵ̬   Ӵ̬ 

 t/h ї֥ᶿҘ kPa 

ᶿҘ MPa їҘ MW 

↓   h/₴ 

ҧ  % 

 

ṕ Ṗ ￼ ṇ & ṇ  

 

Ṅ

 

 

 

 

Ṯ ṯ 

·  

·  

·  

·  

·  

·  

·  
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ORC  

Turboden ORC

ṕ Ṗ

300ṹ

ORC ORC  

 80Ṍ90ṹ

 

 

 

 3.2.6 Turboden ORC  

ṕ ṖṡORC Ṣ ṇ ṇ ṕ PEO Ṗ 

 

ṧ

 

 

  

ד ɵʥὑ◐ǵ
̭ ɎȢȨɜȷ

ʴ ἁ̱ǲ̭ᶿǵȳɶɜɩȨȢɩș
ǞɚȢɧɶșȱɱɏȭɆӓ

ἁ

̭ ἁ

Ƕ Ҳ╛ȷɆɶȩ ș Ǟ
ד Ʋʥὑ◐ǵ ȉὄὑ

ȤȧɶȫɱȮɓɫɭ
ǵ Ǯʥὑ◐
șὄὑ͑

Ƚɶɑɱ̸Ҳἁ̱ǲȵɨȱɱȨȢɩș
Ǟ ר Ǯ֝ ǋǓὦ

Ƚɶɑɱї֥ǵш șᶥ֛Ǟ
ֺ ȱɶȶȥɋȵȷɄɞ ֯

80ϴ

60ϴ
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 3.2.7 ORC  

ṕ ṖṡORC Ṣ ṇ ṇ ṕ PEO Ṗ 

 

700ṹ
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ORC  

ORC

ṕ Ṗ  

ễ

 

ORC

 

 

 

 3.2.8 ṕ50Ṍ60%wet Ṗ ṕ Ṗ 

ṕ ṖṡORC Ṣ ṇ ṇ ṕ PEO Ṗ 

  

ṇ ṇ ṇ

ṕ ṇṖ

ṇ
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ORC  

ORC 80Ṿ

4 8 ORC

 

ORC

 

                                                 

 

 3.2.9 1000kW ORC  

ṕ Ṗ PEO  

 

ORC  

 Turboden ṕ2013 ṖORC

 300 ORC

ṕ Ṗ

Turboden  700kW  1.8MW 

 

        

 3.2.10   Turboden ORC ṕ Ṗ ṕ Ṗṕ2018 Ṗ 

ṕ Ṗ PEO  

16%

1000kW 17%

80ϴ

4000kW

67%

3.7t/h 60%wet 

6000kW

100%

20

60

O

R

C
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ORC

300 ORC 80% 14% ORC

 

 

 

 

 3.2.11  ORC  

ṕ ṖTurboden ￼ ṇ & ṇ  

 

 

  

/  
/  

 

   

 

   

1MW 

HRS 

200kW 

2.2MW 

<700kW 
 

 
1.8MW 

/  
 1.3MW 

1MW 

MDF  
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ṕ Ṗ Ṍ Ṍ 

(Rankine Cycle) 19 William John Macquorn Rankine (1820 - 

1872) ṕ Ṗ ORC

Organic

ṕ ỄMW Ṗ

BTGṕBoiler Turbine Generator Ṗ

 

 

BTG ṕ

Ṗ

ṕ Ṗ

 

ORC ṕOrganic Ṗ

 

 

 

 3.2.12   

ṕ Ṗ PEO  

 

 

  

ṕ Ṗ

צּ כֿ
צּ ךּ︡

ṕ Ṗ

אל ︣

︡ ︣

ṇ
︡ ︡ ︣

אל ︣
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֓ ҧ (ɖ)  

ҧ Ḩ ╛ 

ҧ ╛ ͑ Qb ֝ ї ˿ W̠t ̓ ˿˗

Wp  

= WtīWp Qb -------------------------------(1) 

 

╛ ╛ Ẁ 

Ѽ ᶫᵑҜᵔ m[kg/s]  

β Ҙἶ ꜠ ᶿҘ қװ ֯ 

ᵑҜᵒ 

ᶅ ї ᶥ ˿˗ Њї ⁪  

Wt=m h1īh2  

 

ᵒҜᵓ 

ї ⱥ ᶅ лԁ Qc  

Qc=m h2īh3  

 

ᵓҜᵔ 

ⱥ ᶅ лԁ ⱥ қᶿ ⱳ ˿ W̠p  

Wp=m h4īh3  

 

ᵔҜᵑ 

қᶿ қᶿ ⱳ Qb  

Qb=m h1īh4  

 

╛ ҧ (1)╛ ̈Њ  

=(m h1īh2 īm h4īh3 )/m h1īh4  

֝ ї ˿˗ қᶿ ⱳ ˿˗ ᾛh3=h4 ̌

ὑ  

 

=(h1īh2)/(h1īh3) 

 

ҧ ʣ ̊ʤ ⱳ  

· Њ֥ h1 ї Ẏ  

· ї֥ h2 ї ᾛ  

· ⱥ ᶅї֥ h3 ї ᾛ  

 

͈ ↓ ʣ h1 Ẏ ⱥ ᶅ ↓ ʤh2 ᾛ ̭

↓ лԁ ҧ ׄʣ ҧ  

ʫ ↓ ʣ ↓ ᶿҘh1 ҧ ӓ ᶫ

500 550ϴ ↓  

ORC ϐἁ̱ ἁ̱ ̓ ʝ ͈ ″

ʝ ֗ T̗urboden ̭ ἁ̱ ̓ ̭

ϐἁ̱ ̓ ̭ ֯  
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ORC ︣  

 

BTG Ỉ ệ

ORC

 

ORC

( ) ṕ Ṗ

7Ḳ3

50Ṿ 2,000 Ṋỹ

 

(

)

 

 

   

 3.2.13  ṕ Ṗ  

ORC ṕ Ṗ 

ṕ Ṗ PEO  
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ORC 600kW Ṍ1,800kW BTG

ể  

ORC BTG 80%

ORC

 

 

ORC

1,000kW 4  

 

ORC ORC 

 1.2MPa   5,000kW  

ORC  

 

ORC 8,000

ORC

 

  

 
4 ḭ שּ פּ אל ףּ ḭ וֹ \ 4Ṍ5/kWh ךּ Ḯ 
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ORC  

ORC ORC

 80Ṍ90ṹ

 

 

2MW ORC

20Ṿ 80ṹṌ90ṹ

80%  

 

 

 3.2.14   Turboden ORC  

ṕ Ṗ ṕ PEO Ṗ 

 

ORC ORC

 

 

5,000kW ORC 1.2MPa
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 3.2.8  ORC  

 ORC  

 600kW  20Ṿ  5,000kW 26Ṿ

1,000kW  15Ṿ  

600kW 10%  

  90ϴ

 

ṕ Ṗ  40ϴ

 

 

  

 

 

 

 

 

 

 

  

  10Ṿ  

 

 

ṕ Ṗ ṊE2 ṡ 27 Ṍ 28  ṇ

Ṋ  ORC ︡ ṇ

ṕFSṖṢṕNEDOṖ2016 ￼ ṇ & ṇ  

 

 

 3.2.15   

ṕ Ṗ ṇ ṇ Ṋ ṡ 27 Ṍ 28  ṇ

Ṋ  ︡ ḱ ṇ

¬ ṇº ṕFSṖṢṕNEDOṖ2016  

 

  



505  

ORC  

ORC ṕ Ṗ

ORC  

ORC 20% 22Ṍ30%

BTG Ệ ṕ80ṹṖ

 

ORC  

 

 3.2.9 ORC  

 ORC ̿ ρ ╛ ӓ 

 ѝ 50  ѝ 10 ̊ʤ 

 ʥὑ◐ ὑ◐  

ҧ  18 19  22 30  

ֻ ҧ  80 85  70 80  

К Ҙ  20  10  

 2 3/kWh 5 10/kWh 

   

ʺ̑  ⱳ  500kWh ʥ Ỗ  

ʺ̑  ԍѸʥ  ʥ  

₡  ⱳ  ԍѸʥ Зҵ 

″ ₴ ϐ  8,000  7,500  

ṕ Ṗ PEO ￼ ṇ & ṇ  

 

ṕ ṖORC  

Ṅ

Organic Organic Rankine Cycle

ORC  

ORC

HFC-245aṕ Ṗ
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 3.2.10   

ἁ̱׀    n-  HFC-245a  

ֵ  H2O [(CH3)3Si]2O C5H12 CHF2CH2CF3 NH3 

ѝἧ   18 162 72 134 17 

 1atm 100 100 36 15.3 -33.3 

Ὥ↓ g/cm3 1.0@15  0.76@25  0.63@15  0.52@15  0.69@15  

  0 -68 -130  -77.7 

 kJ/kgK 4.2@15   2.3@15  1.5@15  4.7@15  

╠   ʥ  -6 -49 ʥ  180 

↓  ʥ  340 309 ʥ  651 

ӓ  <40       

   4 1  4 1   Ӿ  

ṕ Ṗ ṕ PEO Ṗ ￼ ṇ & ṇ  

 

 

 

 

 3.2.16  ORC  

ṕ Ṗ ṕ PEO Ṗ 

 

 

ửể

h3

ORC  

  

mailto:1.0@15
mailto:0.76@25
mailto:0.63@15
mailto:0.52@15
mailto:0.69@15
mailto:4.2@15
mailto:2.3@15
mailto:1.5@15
mailto:4.7@15


507  

 3.2.11   ORC  

 

ṕ Ṗ PEO  

 

 

 

 

  

kW ϴ kW ϴ

220 135 150 70 250 HFC-245fa

IHI 20 70 95 HFC-245fa 2000 300

125 100 130 2000 250

60 70 95 HFC-245fa 125 HFC-245fa

120 100 130

3 75 100

250 80 120 HFE

Access

Energy
125 135 HFC-245fa

700 5000 300

200

90 HFC-245fa 5.5 90 HFC-245fa
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1Ṗ  

 

 

 3.2.17  BTG ṕ Ṗ  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 3.2.18  ORC  

ṕ Ṗ PEO ￼ ṇ & ṇ  

 

 

ṕ Ṗ

ORC

80ϴ
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ṕ Ḳ

t/ m 3Ṗ

 

 

ṕ t/h Ṗ

1

 

 

ṕt/h Ṗú  Ṭ ṕt/h Ṗ 

 

ṕ ḲmmṖ
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ṕ Ṗ  

ṕ Ṗ  

 

 3.2.12   

ѩ        

Ẇ  

 
 

 

 

 ̂

╠  

 

ᾛ ᾶ  

( )  

 

ᾛ ᾶ  

˿ў  

 

ᾍ  
∕

 

∕

 
ᶭ◐  

ꜘ ѝ  
ˏ

֯  

ˏ

֯  
ˏ  ֯

ʣ ⱪ 

╠

 

╠

̱ ϊ ϊל

 

↓ ὑ֯  

ᾛ ᾶ

 

̱ ל

ϊ ֯  

↓ ὑ֯  

ᾛ ᾶ

˿ў

 

˿ў

̱ ϊל ֯  

˿ў  

↓  

 

ὦ

 

ẉ  

ϊל ֯  

Ὥ ᾜ  

ẉ  

Ὥ ᾜ  

ϊל ֯  

ʿ֯  

 
 

ϊל ʥ֯  

˧  ɭ

 

↓ ᾜ  

˧ ᶩ  

 

ṕ Ṗ Ḳ  
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2Ṗ  

 

 

 3.2.19  BTG  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 3.2.20  ORC  

ṕ Ṗ PEO ￼ ṇ & ṇ  

 

  

ṕ Ṗ

ORC

80ϴ
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ṕ Ṗ

 

 

ṕ ḲtṖ  

ṕ

Ṗ

 

ṕ Ṗ  
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3Ṗ  

ṕ Ṗ  

 

 

 3.2.21  BTG  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 

 3.2.22  ORC ṕ Ṗ  

ṕ Ṗ PEO ￼ ṇ & ṇ  

 

  

ṕ Ṗ

ORC

80ϴ
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ṕ Ṗ 

 

 

ITV

 

 

ṕ t/h Ṗ

ṕ Ḳm 3Ṗ  

 

 

 3.2.13  Ṋ  

 Кὦ 

 Њ̸ Ẏ ѝt/h ֞Њ

ὦ ὑ Њ ֞Њ Њ ḹֻ 1ְ̭ѝ̊ʣ

ὦ ⱳ  

ὦ ὑ ʤ ╛ ὑ  

֞Њ ὦ m3 [ Ẏ t/

h ] Ὥ↓ ὦ  t/m3  

 ֞Њ ͑ Ҙ ї Ҙ

ї Њ ὦ ὑ  

ὦ Ẏ ѝ 10 ↓ ͪ ḹֻ ẋ Њ

̸ ʥ  

ϼ ˗͈ ѝ 1 ѝ 2 ѝ 4 ѝ 6 ѝ ↓

 

ṕ Ṗ ￼ ṇ & ṇ  
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4Ṗ  

 

 

 

 3.2.23  BTG  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 

 3.2.24  ORC ṕ Ṗ 

ṕ Ṗ PEO ￼ ṇ & ṇ  

 

 

ṕ Ṗ

ORC

80ϴ
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ṕ Ṗ

Ṿ  

ORC ṕ ṖORC

 

 

 3.2.14   

◐╛  

л╛ ¶ л╛ ʝ Л ᶿҘὦᶅζ ̟ ζ лԁ ⱦ ˧

╛ ᶅ ʤ лⱥ ᶅ ˧ ♥ л

ԁ лԁṃ лԁ П ⱥ ᶅζ ⱦ  

¶ лԁṃ ˧ ẉ лԁ ẉ ⱳ

˝ › ͪ ̏  

л╛ ¶ л╛ ̟ ζ лԁἁ̱

лԁ ш ╛ л╛ ̟ ̭ ̟

̂ ̟ Ẏ  

¶ ̟ лԁ ▌Ѱ лԁ Ҙ Ẇ ↓

‼ֳ ̢ їҘ ẀҲ 

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 

 

ORC 80ṹ Ṩ20ṹ
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 3.2.15   

 Ӵ̬   Ӵ̬ 

ⱥ ᶅ ᶿ kPa Ẇ ↓ °C 

ⱥ ᶅ ↓ °C ᾍ ↓ % 

лԁ ↓ °C   

ṕ Ṗ ￼ ṇ & ṇ  

 

 



518  

5Ṗ  

 

 

 

 3.2.25  BTG  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 

 3.2.26  ORC  

ṕ Ṗ PEO ￼ ṇ & ṇ  

 

 

 

  

ṕ Ṗ

ORC

80ϴ
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 3.2.16   

  

 ¶ ⁹ ╛

ҧ ⁹ ῁ Ԍ Ẏ

῁  

¶ ᶿ  ⁹ PTFE

 

¶ ⁹ Ҝӓ ₴1ᶥ˧ ⱳ  

 

 

¶ 

ʦ ₑ ἧ Ҙ Ҳ ̂

╛  

¶ ̂ Ҳ ʦ ҄ ʤ 

¶ ҧ Ҝ ᾛ ʣ ѫ  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

ṕ Ṗ

 

ԓ֪ԋԝ  

 

ṕm3N/hṖ  

ṕ Ṗ

 

10 Ṍ20Ṿ
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6Ṗ  

 

 

 3.2.27  BTG  

ṕ Ṗ ￼ ṇ & ṇ  

 

 

 

 3.2.28  ORC  

ṕ Ṗ PEO ￼ ṇ & ṇ  

  

ṕ Ṗ

ORC

80ϴ






























































































