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∆𝑯𝟐𝟗𝟖𝑲 = 𝟏𝟑𝟔 𝒌𝑱 𝒎𝒐𝒍−𝟏

 



 

 



 

 



 

 



 

𝑪𝟔𝑯𝟏𝟒(𝒈) → 𝟑𝑪𝟐𝑯𝟒 + 𝑯𝟐             𝜟𝑯𝟏𝟎𝟒𝟖𝑲 = +𝟑𝟏𝟗. 𝟔𝒌𝑱/𝒎𝒐𝒍



 



 

 

𝑪𝟐𝑯𝟔  ↔ 𝑪𝟐𝑯𝟒 + 𝑯𝟐

𝟐𝑪𝟐𝑯𝟔 → 𝑪𝟑𝑯𝟖 + 𝑪𝑯𝟒

𝑪𝟑𝑯𝟖  ↔ 𝑪𝟑𝑯𝟔 + 𝑯𝟐



𝑪𝟑𝑯𝟖 → 𝑪𝟐𝑯𝟒 + 𝑪𝑯𝟒

𝑪𝟑𝑯𝟔  ↔ 𝑪𝟐𝑯𝟐 + 𝑪𝑯𝟒

𝑪𝟐𝑯𝟐 + 𝑪𝟐𝑯𝟒 → 𝑪𝟒𝑯𝟔

𝟐𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝟐𝑪𝑯𝟒

𝑪𝟐𝑯𝟔 + 𝑪𝟐𝑯𝟒 → 𝑪𝟑𝑯𝟔 + 𝑪𝑯𝟒



 

 



 

▪ 
▪ 
▪ 



 

𝑪𝟐𝑯𝟔 +
𝟏

𝟐
𝑶𝟐 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐𝑶 ∆𝑯𝟐𝟗𝟖𝑲 = −𝟏𝟎𝟓. 𝟓 𝒌𝑱 𝒎𝒐𝒍−𝟏

𝑪𝟐𝑯𝟔 + 𝑪𝑶𝟐 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐𝑶 + 𝑪𝑶 ∆𝑯𝟐𝟗𝟖𝑲 = 𝟏𝟑𝟒 𝒌𝑱 𝒎𝒐𝒍−𝟏

▪ 
▪ 
▪ 
▪ 



 

𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐 ∆𝑯𝟐𝟗𝟖𝑲 = 𝟏𝟑𝟔 𝒌𝑱 𝒎𝒐𝒍−𝟏

 





 

 



 

𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐

𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆−

𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐



𝑱𝑯+ = −
𝑫𝑯𝑪𝑯

𝑹𝑻
𝒛𝑯𝑭 ∙ 𝛁(𝝁𝑯 + 𝒛𝑯𝑭𝝋)

𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐 ∆𝑮𝟖𝟐𝟑𝑲 = 𝟓𝟏. 𝟕
𝒌𝑱

𝒎𝒐𝒍

∆𝑮 = ∆𝑯 − 𝑻∆𝑺

𝑬𝒄𝒆𝒍𝒍 =
∆𝑮

−𝒛𝑭

𝑬𝒄𝒆𝒍𝒍 ∆𝑮

𝒛

𝑭



𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆− ∆𝑮𝟎 = 𝟎
𝒌𝑱

𝒎𝒐𝒍

𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐 ∆𝑮𝟎 = 𝟎
𝒌𝑱

𝒎𝒐𝒍

∆𝑮𝟎

 



 



 



 

▪ 

▪ 

▪ 

𝜼𝑭𝒂𝒓𝒂𝒅𝒂𝒊𝒄 =
𝒏𝑯𝟐,𝒂𝒄𝒕𝒖𝒂𝒍

𝒏𝑯𝟐,𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍
=  

𝒏𝑯𝟐,𝒂𝒄𝒕𝒖𝒂𝒍

𝑰 ∗ (𝒛 ∗ 𝑭)−𝟏
∗ 𝟏𝟎𝟎%



 

 

 



𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐 ∆𝑯𝑻=𝟐𝟗𝟖𝑲 = 𝟏𝟑𝟕
𝒌𝑱

𝒎𝒐𝒍

▪ 
▪ 

▪ 

     

     

     

     



 

 

𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐

𝒑𝑽 = 𝒏𝑹𝑻 → 𝒑 ∝ 𝒏



 

 

▪ 
▪ 
▪ 

𝑹𝑯𝟐 =
𝑽𝑯𝟐 𝑯𝟐𝒔𝒊𝒅𝒆

𝑽𝑯𝟐 𝒕𝒐𝒕𝒂𝒍
∗ 𝟏𝟎𝟎%



(𝑿𝑪𝟐𝑯𝟔
)

(𝑺𝑪𝟐𝑯𝟒
)

(𝒀𝑪𝟐𝑯𝟒
)



𝑿𝑪𝟐𝑯𝟔
=  

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕 −  𝒏𝑪𝟐𝑯𝟔,𝒐𝒖𝒕𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕
∗ 𝟏𝟎𝟎%

𝑿𝑪𝟐𝑯𝟔

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟔,𝒐𝒖𝒕𝒍𝒆𝒕

𝑺𝑪𝟐𝑯𝟒
=  

𝒏𝑪𝟐𝑯𝟒,𝒐𝒖𝒕𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕 −  𝒏𝑪𝟐𝑯𝟔,𝒐𝒖𝒕𝒍𝒆𝒕
∗ 𝟏𝟎𝟎%

𝑺𝑪𝟐𝑯𝟒

𝒏𝑪𝟐𝑯𝟒,𝒐𝒖𝒕𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟒,𝒐𝒖𝒕𝒍𝒆𝒕 𝑺𝑪𝟐𝑯𝟒

𝒀𝑪𝟐𝑯𝟒
=  𝑿𝑪𝟐𝑯𝟔

∗  𝑺𝑪𝟐𝑯𝟒
=  

𝒏𝑪𝟐𝑯𝟒,𝒐𝒖𝒕𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕
∗ 𝟏𝟎𝟎%

𝒀𝑪𝟐𝑯𝟒



𝑪𝑯𝟒  ↔ 𝑪 + 𝟐𝑯𝟐 

𝑪𝟐𝑯𝟒 + 𝑯𝟐  → 𝑪𝟐𝑯𝟔

 

𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆−



▪ 

▪ 

𝑸 = 𝑰𝟐𝑹𝒕



𝒏𝑯𝟐,𝒂𝒄𝒕𝒖𝒂𝒍

 





𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟔,𝒐𝒖𝒕𝒍𝒆𝒕

𝑿𝑪𝟐𝑯𝟔
=  

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕 −  𝒏𝑪𝟐𝑯𝟔,𝒐𝒖𝒕𝒍𝒆𝒕

𝒏𝑪𝟐𝑯𝟔,𝒊𝒏𝒍𝒆𝒕
∗ 𝟏𝟎𝟎%







▪ 



▪ 

 





 

 



 

 



▪ 
▪ 
▪ 

 

▪ 

▪ 

▪ 

▪ 



𝑪𝟐𝑯𝟔  ↔ 𝑪𝟐𝑯𝟒(𝒂𝒏𝒐𝒅𝒆) + 𝑯𝟐(𝒄𝒂𝒕𝒉𝒐𝒅𝒆)

𝟐𝑪𝟐𝑯𝟔 ↔ 𝑪𝟑𝑯𝟖 + 𝑪𝑯𝟒

𝑪𝟑𝑯𝟖  ↔ 𝑪𝟑𝑯𝟔 + 𝑯𝟐

𝟐𝑪𝟐𝑯𝟒  ↔ 𝑪𝟒𝑯𝟖

𝑪𝟐𝑯𝟔 + 𝑪𝟐𝑯𝟒 ↔ 𝑪𝟑𝑯𝟔 + 𝑪𝑯𝟒

𝑪𝑯𝟒  ↔ 𝑪 + 𝟐𝑯𝟐  
(𝑪𝒐𝒌𝒆 𝒇𝒐𝒓𝒎𝒂𝒕𝒊𝒐𝒏)

𝑪𝑯𝟒  ↔ 𝑪 + 𝟐𝑯𝟐 

𝑪𝟐𝑯𝟒  ↔ 𝟐𝑪 + 𝟐𝑯𝟐 

𝟐𝑪𝟐𝑯𝟒 ↔  𝑪𝟒𝑯𝟖 𝑪𝟒𝑯𝟖  ↔ 𝟒𝑪 + 𝟒𝑯𝟐



 



▪ 
▪ 
▪ 

 



 

▪ 

▪ 

 



▪ 

▪ 

▪ 

▪ 

▪ 



 

▪ 

▪ 

▪ 



 

 

 



 

▪ 



▪ 

▪ 

▪ 

▪ 



 

 



▪ 
▪ 
▪ 



▪ 

 

 

 



 



 

 





 



 

 



 

▪ 

▪ 

▪ 



▪ 

▪ 



▪ 

▪ 
▪ 

▪ 

 

 

 

𝟏𝟏

𝟒𝟎



 

 

▪ 

▪ 

▪ 



𝑪𝟐𝑯𝟔  ↔ 𝑪𝟐𝑯𝟒(𝒂𝒏𝒐𝒅𝒆) + 𝑯𝟐(𝒄𝒂𝒕𝒉𝒐𝒅𝒆)

𝟐𝑪𝟐𝑯𝟔 ↔ 𝑪𝟑𝑯𝟖 + 𝑪𝑯𝟒

𝑪𝟑𝑯𝟖  ↔ 𝑪𝟑𝑯𝟔 + 𝑯𝟐

𝟐𝑪𝟐𝑯𝟒  ↔ 𝑪𝟒𝑯𝟖

𝑪𝟐𝑯𝟔 + 𝑪𝟐𝑯𝟒 ↔ 𝑪𝟑𝑯𝟔 + 𝑪𝑯𝟒

 



 

 



 



 

▪ 
▪ 

▪ 
▪ 



 





𝑭𝑪𝑰𝑩 = 𝑭𝑪𝑰𝑨 ∗ (
𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚 𝒐𝒇 𝑩

𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚 𝒐𝒇 𝑨
 )

𝒏



 

 



 

 

 

▪ 
▪ 
▪ 

 



▪ 

▪ 

▪ 



�̇� =
𝑸

𝑪𝒑 ∗ ∆𝑻

�̇�

∆𝑻

 





▪ 
▪ 



 



 



 

 



 

𝑵𝑷𝑽 =  ∑
𝑪𝒕

(𝟏 + 𝒊)𝒕
− 𝑪𝟎

𝑻

𝒕=𝟎



𝟎 = 𝑵𝑷𝑽 =  ∑
𝑪𝒕

(𝟏 + 𝑰𝑹𝑹)𝒕
− 𝑪𝟎

𝑻

𝒕=𝟎



 

 

▪ 

▪ 

▪ 









 





 

▪ 

▪ 

▪ 

▪ 



 



 

 

𝑪𝟐𝑯𝟔  ↔ 𝑪𝟐𝑯𝟒(𝒂𝒏𝒐𝒅𝒆) + 𝑯𝟐(𝒄𝒂𝒕𝒉𝒐𝒅𝒆)

𝟐𝑪𝟐𝑯𝟔 ↔ 𝑪𝟑𝑯𝟖 + 𝑪𝑯𝟒

𝑪𝟑𝑯𝟖  ↔ 𝑪𝟑𝑯𝟔 + 𝑯𝟐

𝟐𝑪𝟐𝑯𝟒  ↔ 𝑪𝟒𝑯𝟖

𝑪𝟐𝑯𝟔 + 𝑪𝟐𝑯𝟒 ↔ 𝑪𝟑𝑯𝟔 + 𝑪𝑯𝟒

 





 







 

 

 

 

 

 



 

 

 



 

 



 

 

▪ 
▪ 
▪ 
▪ 
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https://www.statista.com/statistics/1246694/ethylene-demand-capacity-forecast-worldwide/
https://www.statista.com/statistics/1246694/ethylene-demand-capacity-forecast-worldwide/
https://www.sintef.no/projectweb/winner/
https://www.chemanalyst.com/Pricing-data/ethylene-40#:~:text=The%20Middle%20East%20however%20witnessed,compared%20to%20Q3%20of%20FY21
https://www.chemanalyst.com/Pricing-data/ethylene-40#:~:text=The%20Middle%20East%20however%20witnessed,compared%20to%20Q3%20of%20FY21
https://www.chemanalyst.com/Pricing-data/ethylene-40#:~:text=The%20Middle%20East%20however%20witnessed,compared%20to%20Q3%20of%20FY21
https://www.procurementresource.com/resource-center/ethylene-price-trends
https://www.procurementresource.com/resource-center/ethylene-price-trends
https://www.chemanalyst.com/Pricing-data/propylene-51
https://www.statista.com/statistics/1170576/price-propylene-forecast-globally/
https://www.statista.com/statistics/1170576/price-propylene-forecast-globally/


 

https://www.procurementresource.com/resource-center/butene-price-trends
https://www.procurementresource.com/resource-center/butene-price-trends
https://www.intratec.us/chemical-markets/butene-price






https://www.engineeringtoolbox.com/hydrocarbon-boiling-melting-flash-autoignition-point-density-gravity-molweight-d_1966.html
https://www.engineeringtoolbox.com/hydrocarbon-boiling-melting-flash-autoignition-point-density-gravity-molweight-d_1966.html
https://pubs.usgs.gov/of/2005/1451/equation.html#:~:text=The%20Peng%2DRobinson%20equation%20of,factor%20of%20each%20species%20involved
https://pubs.usgs.gov/of/2005/1451/equation.html#:~:text=The%20Peng%2DRobinson%20equation%20of,factor%20of%20each%20species%20involved
https://processdesign.mccormick.northwestern.edu/index.php/Property_package
https://www.shell.com/about-us/major-projects/pennsylvania-petrochemicals-complex.html
https://www.shell.com/about-us/major-projects/pennsylvania-petrochemicals-complex.html
https://www.aspentech.com/en/applications/engineering/energy-management
https://www.aspentech.com/en/applications/engineering/energy-management
https://www.shell.com/business-customers/chemicals/media-releases/2022-media-releases/shell-and-dow-start-up-e-cracking-furnace-experimental-unit.html
https://www.shell.com/business-customers/chemicals/media-releases/2022-media-releases/shell-and-dow-start-up-e-cracking-furnace-experimental-unit.html
https://www.shell.com/business-customers/chemicals/media-releases/2022-media-releases/shell-and-dow-start-up-e-cracking-furnace-experimental-unit.html


https://www.sunfire.de/en/news/detail/worlds-largest-high-temperature-electrolysis-module-deliveries-started
https://www.sunfire.de/en/news/detail/worlds-largest-high-temperature-electrolysis-module-deliveries-started
https://www.eia.gov/naturalgas/weekly/archivenew_ngwu/2023/03_02/
https://www.iea.org/data-and-statistics/charts/simplified-levelised-cost-of-petrochemicals-for-selected-feedstocks-and-regions-2017
https://www.iea.org/data-and-statistics/charts/simplified-levelised-cost-of-petrochemicals-for-selected-feedstocks-and-regions-2017
https://www.indexmundi.com/commodities/?commodity=propane&months=120
https://theengineeringmindset.com/chiller-cooling-capacity-calculate/#:~:text=Using%20the%20energy%20equation%20of,can%20calculate%20the%20cooling%20capacity.&text=We%20add%20273.15K%20to,Q%20%3D%202%2C500kW%20of%20cooling
https://theengineeringmindset.com/chiller-cooling-capacity-calculate/#:~:text=Using%20the%20energy%20equation%20of,can%20calculate%20the%20cooling%20capacity.&text=We%20add%20273.15K%20to,Q%20%3D%202%2C500kW%20of%20cooling
https://theengineeringmindset.com/chiller-cooling-capacity-calculate/#:~:text=Using%20the%20energy%20equation%20of,can%20calculate%20the%20cooling%20capacity.&text=We%20add%20273.15K%20to,Q%20%3D%202%2C500kW%20of%20cooling
https://theengineeringmindset.com/chiller-cooling-capacity-calculate/#:~:text=Using%20the%20energy%20equation%20of,can%20calculate%20the%20cooling%20capacity.&text=We%20add%20273.15K%20to,Q%20%3D%202%2C500kW%20of%20cooling
https://ourworldindata.org/grapher/carbon-intensity-electricity?tab=chart&country=~USA
https://ourworldindata.org/grapher/carbon-intensity-electricity?tab=chart&country=~USA
https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html
https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html


https://www.engineeringtoolbox.com/co2-emission-fuels-d_1085.html
https://www.engineeringtoolbox.com/co2-emission-fuels-d_1085.html
https://www.eia.gov/electricity/data/browser/#/topic/7?agg=0,1&geo=g&endsec=vg&linechart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&columnchart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&map=ELEC.PRICE.US-ALL.A&freq=A&ctype=linechart&ltype=pin&rtype=s&pin=&rse=0&maptype=0
https://www.eia.gov/electricity/data/browser/#/topic/7?agg=0,1&geo=g&endsec=vg&linechart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&columnchart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&map=ELEC.PRICE.US-ALL.A&freq=A&ctype=linechart&ltype=pin&rtype=s&pin=&rse=0&maptype=0
https://www.eia.gov/electricity/data/browser/#/topic/7?agg=0,1&geo=g&endsec=vg&linechart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&columnchart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&map=ELEC.PRICE.US-ALL.A&freq=A&ctype=linechart&ltype=pin&rtype=s&pin=&rse=0&maptype=0
https://www.eia.gov/electricity/data/browser/#/topic/7?agg=0,1&geo=g&endsec=vg&linechart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&columnchart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&map=ELEC.PRICE.US-ALL.A&freq=A&ctype=linechart&ltype=pin&rtype=s&pin=&rse=0&maptype=0
https://www.eia.gov/electricity/data/browser/#/topic/7?agg=0,1&geo=g&endsec=vg&linechart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&columnchart=ELEC.PRICE.US-ALL.A~ELEC.PRICE.US-RES.A~ELEC.PRICE.US-COM.A~ELEC.PRICE.US-IND.A&map=ELEC.PRICE.US-ALL.A&freq=A&ctype=linechart&ltype=pin&rtype=s&pin=&rse=0&maptype=0
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𝑶𝟐 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐𝑶

𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒 + 𝑯𝟐

𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆−

𝟏

𝟐
𝑶𝟐 + 𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐𝑶
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𝒋 ∗ 𝑴𝑯𝟐

𝑬𝒄𝒆𝒍𝒍 = 𝑬𝑶𝑪𝑽 + 𝑰𝑹
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𝑹𝒈𝒂𝒔𝑻

𝒏𝑭
𝒍𝒏(

𝒑𝒐𝒖𝒕

𝒑𝒊𝒏
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𝜼𝑭𝒂𝒓𝒂𝒅𝒂𝒊𝒄 =
𝑽𝑯𝟐 𝒄𝒆𝒍𝒍

𝑽𝑯𝟐 𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍
∗ 𝟏𝟎𝟎%

▪ 

𝑽𝑯𝟐 𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 =
𝑨

𝟐𝑭
∗ 𝑽𝒎

▪ 

𝑹𝑯𝟐 =
𝑽𝑯𝟐 𝑯𝟐𝒔𝒊𝒅𝒆

𝑽𝑯𝟐 𝒕𝒐𝒕𝒂𝒍
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𝟎.𝟓))

𝟐

𝑻𝒓 =
𝑻

𝑻𝒄
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𝑨𝒅𝒂𝒑𝒕𝒆𝒅 𝒅𝒖𝒕𝒚 =
𝑻𝒂𝒓𝒈𝒆𝒕 𝒅𝒖𝒕𝒚

(𝟏 − 𝒂𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 𝒔𝒂𝒗𝒊𝒏𝒈𝒔)

 



 



 





 

 



 

 



 



 




