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σ

ϕ

ϕ

ϕ



 







 



 





 



 



 

 





 





 





 



 



 



 



 





 



 





 







 







 



 



 



 

 





 



 

 





 

 



 

𝑥𝑖 = 𝑧𝑖1 + 𝑧𝑖2 + ⋯ + 𝑧𝑖𝑗 + 𝑦𝑖



𝑎𝑖𝑗 =
𝑧𝑖𝑗

𝑥𝑗
 

 
⇒ 𝑧𝑖𝑗 = 𝑎𝑖𝑗𝑥𝑗

𝑥𝑖 = 𝑎𝑖1𝑥1 + 𝑎𝑖2𝑥2 + ⋯ + 𝑎𝑖𝑗𝑥𝑗 + 𝑦𝑖

𝑥 = 𝐴𝑥 + 𝑦

𝑦 = 𝑥(𝐼 − 𝐴)
 

⇒ 𝑥 = (𝐼 − 𝐴)−1𝑦 = 𝐿𝑦



𝑒𝑗 =
𝑓𝑗

𝑥𝑗

 



𝑆𝑃𝑀𝑗 = ∑ 𝑙𝑖𝑗

𝑛

𝑖=1

𝐼𝑃𝐷𝑗 =
∑ 𝑙𝑖𝑗

𝑛
𝑖

1
𝑛

∑ ∑ 𝑙𝑖𝑗𝑗𝑖



𝐼𝑆𝐷𝑗 =
∑ 𝑙𝑖𝑗

𝑛
𝑗

1
𝑛

∑ ∑ 𝑙𝑖𝑗𝑗𝑖

𝐹 =  �̂�𝐿�̂�

ϕ0),  ϕ

ϕ ϕ0 + ϕ

ϕ0 + ϕ

ê



𝐺𝐻𝑂𝑅𝑗 =
𝜑𝑗

𝑃

𝑓𝑗

𝐺𝐻𝐼𝑅𝑗 =
𝜑𝑗

𝐶

𝑓𝑗
∗

 

min 𝑷𝑥     𝑠. 𝑡.    𝒙 ∈ 𝑺

𝑺 = {𝑴𝒙: 𝒍 ≤ 𝒙 ≤ 𝒖, 𝒂 ≤ 𝑩𝒙 ≤ 𝒃}



≤ ≤

𝜶𝒚𝟎 ≤ [𝑰 − 𝑨]𝒙 ≤ 𝒚𝟎

α

σ

𝑃 = [
−𝑣𝑎

𝑒
−𝜎

]



 

 



 



 











 



 









 



α) 

α



max    𝑣𝑎𝑥

𝑠. 𝑡.               𝑒𝑥 ≤ 𝜀

𝛼𝑦0 ≤ [𝐼 − 𝐴]𝑥 ≤ 𝑦0

ε ε

α





 







 

α



 



 





 



 



 

 





 



 



 

 



 

 

 





 



 





 



 



 

 



 



 

 



 



 



 



 



 

 





 



 





𝑗𝑖 = 𝑗𝑇 ∙ 𝐹𝐸𝑖 

α

𝑄𝑖 =
𝑗𝑖 ∙ 𝐴

𝐹 ∙ 𝛼𝑖
 

𝐶𝑂2𝑅𝑋 = ∑ 𝑄𝑖 ∙ 𝑧𝑖 

2(𝑥 + 𝑦)𝐶𝑂2 + (6 − 3𝑥 − 4𝑦)𝐻2𝑂

→ 𝑥𝐶𝐻3𝐶𝐻2𝑂𝐻 + 𝑦𝐶𝐻2𝐶𝐻2 + (1 − 𝑥 − 𝑦)6𝐻2 + 3𝑂2 



𝐶𝑂2(𝑔) + 𝐻2𝑂 ↔ 𝐶𝑂2(𝑎𝑞) + 𝐻2𝑂 

𝐶𝑂2(𝑎𝑞) + 𝐻2𝑂 ↔ 𝐻2𝐶𝑂3 

𝐻2𝐶𝑂3 ↔ 𝐻+ + 𝐻𝐶𝑂3
− 

𝐻𝐶𝑂3
− ↔ 𝐻+ + 𝐶𝑂3

2− 



𝐾0 =
[𝐶𝑂2(𝑎𝑞)]

𝑃𝐶𝑂2

 

𝐾1 =
[𝐻+][𝐻𝐶𝑂3

−]

[𝐶𝑂2(𝑎𝑞)
∗ ]

 

𝐾2 =
[𝐻+][𝐶𝑂3

2−]

[𝐻𝐶𝑂3
−]

 

·

log (
[𝐶𝑂2]𝐻𝑒𝑛𝑟𝑦

[𝐶𝑂2]𝐸
) = 𝐾𝑆 ∙ 𝐶𝐸



𝐾𝑆 = ∑(ℎ𝑖 + ℎ𝐶𝑂2
)𝑛𝑖

·

·

·

𝐶𝑇 = [𝐶𝑂2(𝑎𝑞)
∗ ] + [𝐻𝐶𝑂3

−] + [𝐶𝑂3
2−] 

[𝐻+] + [𝐾+] = [𝑂𝐻−] + [𝐻𝐶𝑂3
−] + 2[𝐶𝑂3

2−] 

𝐾𝑤 = [𝐻+][𝑂𝐻−] 

• 



• 

• 

 



𝑃 = 𝐸𝑐𝑒𝑙𝑙 ∙ 𝐴 ∙ 𝑗𝑇 

• 

• 

• 

• 

• 

• 

• 

• 



 





𝑊 =
1

𝜂

𝑘𝑅𝑇𝑖𝑛

𝑘 − 1
[(

𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
)

𝑘−1
𝑘

− 1] 

𝑞 = 𝑞𝐴,𝑠𝑎𝑡

𝑏𝐴𝑝

1 + 𝑏𝐴𝑝
+ 𝑞𝐵,𝑠𝑎𝑡

𝑏𝐵𝑝

1 + 𝑏𝐵𝑝

𝑏𝐴 = 𝑏𝐴0𝑒
𝐸𝐴
𝑅𝑇 ;  𝑏𝐵 = 𝑏𝐵0𝑒

𝐸𝐵
𝑅𝑇

 



ε

ρ

ε

 

𝑞𝐶2𝐻4 = 𝑓(𝑃𝐶2𝐻4, 𝑃𝐶𝑂2, 𝑇)   ;        𝑞𝐶𝑂2 = 𝑓(𝑃𝐶2𝐻4, 𝑃𝐶𝑂2, 𝑇)

𝑞 = 𝑓(𝑃𝐻 , 𝑃𝐿 , 𝑇) 

𝑞𝐶2𝐻4 =
�̇�

𝑚𝑎𝑑𝑠
∫ (𝑦𝑓𝑒𝑒𝑑 − 𝑦𝑒𝑥𝑖𝑡)𝑑𝑡

𝑡𝑠𝑠

0

 



ṅ

𝑛𝑖 =  𝑞𝑖(𝑃𝑖 , 𝑃𝑗, 𝑇) ∙ 𝑚𝑎𝑑𝑠 +
𝑦𝑖𝑃𝑉

𝑅𝑇
 





 











𝐶𝑜𝑃 =
𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑒𝑑 𝑖𝑛 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑟

𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑑 𝑖𝑛 ℎ𝑒𝑎𝑡 𝑝𝑢𝑚𝑝
=

13.89 𝑀𝑊

1.62 𝑀𝑊
= 8.57
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𝐿𝐶𝑂𝑃 =
𝐶𝑅𝐹 ∙ 𝐶𝐴𝑃𝐸𝑋 + 𝑂𝑃𝐸𝑋

𝐷𝐶 ∙ 𝐶𝐹





Outputs Flow Price Source Total (USD) 

 
Ethanol 1 kg $0.486 USD/kg 

Spot price, (Trading Economics 
2021) 0.4862 

 
Ethylene 0.416 kg $1.010 USD/kg 

5-year average of Asian market 
price, (IEA 2020a) 0.4197 

Inputs 
 

      Total 0.9059 

 
Captured CO2 3.123 kg $0.090 USD/kg 

Levelized cost of captured CO2,         

(Keith et al. 2018) 0.2801 

 
Softened water 2.028 kg $0.002 USD/kg 

Bulk water for business,        
(Queensland Government 2021) 0.0044 

 
Cooling water 0.0009 m3 $0.061 USD/m3 

Surface water trade in 
Queensland, (Waterfind 2019) 0.0001 

 
Electricity 30.168 kWh $0.032 USD/kWh 

2021 price average in 
Queensland, (AEMO 2021) 0.9512 

 

Water to 
wastewater 0.0002 m3 $13.35 USD/m3 

Non-residential sewerage 
volume charge * Load factor of 
3, (City of Gold Coast 2021) 0.0023 

            Operating costs 1.2380 



𝐶𝐵𝑀 = (𝐵1 + 𝐵2)𝐶𝑝

𝐶𝑇𝑀 = (1 + 𝛼1 + 𝛼2) ∑ 𝐶𝐵𝑀

𝐶𝐹𝐶𝐼 = 𝐶𝑇𝑀 + 𝛼3 ∑ 𝐶𝐵𝑀

𝐶𝑇𝐶𝐼 = 𝐶𝐹𝐶𝐼 + 𝛼4𝐶𝑇𝑀

• 

• α Σ

α2Σ



• 

α Σ

• α Σ

• α

𝐶𝑇𝐶𝐼 = [(1 + 𝛼1 + 𝛼2)(1 + 𝛼4) + 𝛼3][(𝐵1 + 𝐵2)]𝐶𝑝

α α α α

𝐶𝑇𝐶𝐼 = 2.4855𝐶𝑝
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𝐶𝐻3𝐶𝐻2𝑂𝐻 + 3.5𝑂2 → 2𝐶𝑂2 + 3𝐻2𝑂





• 

• 

• 
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𝐶𝑜𝑂 + 2𝐶𝐻3𝐶𝑂2𝐻 + 3𝐻2𝑂 → 𝐶𝑜(𝐶𝐻3𝐶𝑂2)2 ∙ 4𝐻2𝑂
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