








I 



II 



III 



IV 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 



V 

 

 

 

 

 

 

 



VI 



VII 



8 

 

 



9 

 

Luc Forsyth for Dollar Street (CC BY 4.0) Zoriah Miller for Dollar Street (CC BY 4.0)



10 

 

 

 

 

 

 

 

 



11 

 

Typical  operating conditions and product yields (dry basis) of slow and fast pyrolysis, gasification and 
combustion (Lohri et al., 2017)

 Operating conditions Product yield (wood pyrolysis) 

λ

λ

𝜆 =
𝑚𝑂2,𝑠𝑢𝑝𝑝𝑝𝑙𝑖𝑒𝑑

𝑚𝑂2,𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛

λ

λ
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𝐶 + 𝑂2 → 𝐶𝑂2 ∆𝐻 = −393,5
𝑘𝐽

𝑚𝑜𝑙

𝐶 +
1

2
𝑂2 → 𝐶𝑂 ∆𝐻 = −110,5

𝑘𝐽

𝑚𝑜𝑙

𝐶 + 𝐻2𝑂 → 𝐶𝑂 + 𝐻2 ∆𝐻 = +118,5
𝑘𝐽

𝑚𝑜𝑙

𝐶 + 𝐶𝑂2 → 2 𝐶𝑂 ∆𝐻 = +159,9
𝑘𝐽

𝑚𝑜𝑙

𝐶 + 2 𝐻2 →  𝐶𝐻4  ∆𝐻 = −87,5
𝑘𝐽

𝑚𝑜𝑙
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Amount Material Costs in USD 
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Amount Material Costs in USD 

 

 

 

 



33 

 



34 

 



35 



36 

 

 

 

 

 

 



37 

 

 

 

 

 

 

 

 

 



38 

 

 

 



39 



40 

 

 

 

 

 

 

 

Amount Material Costs in USD 

 



41 

 



42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



43 

 

 

 

 

 

 

 

 

 

 

 



44 

 

 

 

 

 

 

Amount Material Costs in USD 



45 

 

 

 

 

 

 

 

 

 

 



46 

 

 



47 

 

 



48 

 

 

 

 



49 

 

 

 



50 

 



51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



52 

 



53 

 



54 



55 

 

 

 



56 



57 



58 



59 



60 

 

 

 

 

 

0

100

200

300

400

500

600

700

800

900

1 21 41 61 81 101 121 141 161 181 201

Te
m

p
er

at
u

re
 i

n
 °

C

Time in minutes

Temperature curve two barrel pyrolysis reactor

Low barrel - reactor Top barrel - reactor chimney



61 

 

 

 

 

 

 

 



62 

 

 

 



63 

 

 

 



64 

 

𝐸𝑅 =
𝑚𝑎𝑠𝑠𝑐ℎ𝑎𝑟(𝑑𝑏) ∙ 𝐻𝐻𝑉𝑐ℎ𝑎𝑟 (𝑑𝑏)

𝑚𝑎𝑠𝑠𝐿𝑃𝐺 ∙ 𝐻𝐻𝑉𝐿𝑃𝐺
 

 𝑚𝑎𝑠𝑠𝑐ℎ𝑎𝑟(𝑑𝑏)

 𝐻𝐻𝑉𝑐ℎ𝑎𝑟 (𝑑𝑏)

 𝑚𝑎𝑠𝑠𝐿𝑃𝐺

 𝐻𝐻𝑉𝐿𝑃𝐺

𝐻HV = 0.3536 ∙ FC%db + 0.1559 ∙ VS%db + 0.0078 ∙ ASH%db 

 𝐹𝐶%𝑑𝑏 

 𝑉𝑆%𝑑𝑏 

 𝐴𝑆𝐻%𝑑𝑏 

 



65 

 

 

 

 

 

 

 

 

 

 

 



66 

 

 

Component Amount Material 
Unit cost 
(USD) 

Total Costs 
(USD) 
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Element Value Unit 
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Parameter Amount 1 Amount 2 Amount 3 
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 Amount char 1 Amount char 2 Amount char 3 

Value Unit Value Unit Value Unit 

      

Price 1 0.18 USD/Kg 2.34 USD 4.68 USD 7.02 USD 
Price 2 0.27 USD/Kg 3.51 USD 7.02 USD 10.53 USD 
Price 3 0.36 USD/Kg 4.68 USD 9.36 USD 14.04 USD 
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