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Figure A1: Summary of Overall Methodology (S is referring to Stage)





Table A1: Efficiency/Yield/Conversion Factor
	Electricity Generation
	H2 Production
	H2 Storage

	Solar Energy
	Green H2 (Electrolysis)
	Physical Method

	CS
	22%
(Benda, 2020)
	PEM
	0.0554 kg H2/kg H2O
(Mehmeti, 2018)
	Compressed H2
	95.0%
(Norouzi, 2021)

	TF
	16%
(Benda, 2020)
	AWE
	0.0989 kg H2/kg H2O
(Kuckshinrichs, 2017)
	LH2
	75.0%
(Norouzi, 2021)

	Parabolic Trough
	16%
(Gielen, 2012)
	SOEC
	0.110kg H2/kg H2O
(Mehmeti, 2018)
	Chemical Method

	Power Tower
	20%
(Gielen, 2012)
	AEM
	1250 kg H2/kg H2O
(Schmidt, 2021)
	Solid Hydride

	Biomass Energy (EFB)
	Green H2 (POME)
	Metal Hydride
	88.0%
(Vincent, 2018)

	Combustion
	1.037 
MW/kg HPS
	DF
	0.621 kg H2/kg POME
	Chemical Storage

	Pyrolysis
	3.556 MW/kg CO
	MEC
	1.023 kg H2/kg POME
	LOH
	88.7%
(Wang, 2016)

	Gasification
	3.048 MW/kg CO
	Turquoise H2
	Circular Carrier

	
	
	Methane Pyrolysis
	0.9 kg H2/kg CH4
(Daliah, 2021)
	NH3
	93.0%
(Norouzi, 2021)

	Biomass Energy (POME)
	
	

	Anaerobic Digestion
	13.680 
MW/kg BG
	
	





Table A2: CAPEX Factor
	Electricity Generation
	H2 Production
	H2 Storage

	Solar Energy
	Green H2 (Electrolysis)
	Physical Method

	CS
	1,130.00 $/kW 
(Perry, 2016)
	PEM
	2,034.00 $/kW
 (Roode, 2019)
	Compressed H2
	23.40 $/(kg/hr) (Patonia, 2020)

	TF
	92.10.00 $/m2 
(Águas, 2011)
	AWE
	1,582.00 $/kW 
(Roode, 2019)
	LH2
	199.00 $/(kg/hr) (Patonia, 2020)

	Parabolic Trough
	4,600.00 $/kW 
(Gielen, 2012)
	SOEC
	2,599.00 $/kW 
(Roode, 2019)
	Chemical Method

	Power Tower
	7,500.00 $/kW 
(Gielen, 2012)
	AEM
	4,237.50 $/kW 
(Schmidt, 2021)
	Solid Hydride

	Biomass Energy (EFB)
	Green H2 (POME)
	Metal Hydride
	82,000.00 $/(kg/hr) (Sharma, 2017)

	Combustion
	3,860.00 $/kW 
(Kennedy, 2013)
	DF
	0.017 
$/(kg POME/hr) (James, 2016)
	Chemical Storage

	Pyrolysis
	949.00 $/kW
 (Ganesh, 2001)
	MEC
	105.29 
$/(kg POME/hr)
 (Aiken, 2019)
	LOH
	14,200.00 $/(kg/hr) (Sharma, 2017)

	Gasification
	562.74 $/kW
 (Susanto, 2018)
	Turquoise H2
	Circular Carrier

	Biomass Energy (POME)
	Methane Pyrolysis
	37,022.07 
$/(kg H2/hr) (Labanca, 2006)
	NH3
	37,200.00 $/(kg/hr) (Sharma, 2017)

	Anaerobic Digestion
	4,292.40 
$/(kg POME/hr) (Sharvelle, 2016)
	
	





Table A3: OPEX Factor
	Electricity Generation
	H2 Production
	H2 Storage

	Solar Energy
	Green H2 (Electrolysis)
	Physical Method

	CS
	0.042 $/kW 
(Bellini, 2021)
	PEM
	5.14 $/kg H2 
(Zore, 2021)
	Compressed H2
	0.40 $/kg H2 
(Dias, 2020)

	TF
	0.038 $/kW
 (Bellini, 2021)
	AWE
	5.92 $/kg H2 
(Pinsky, 2020)
	LH2
	2.17 $/kg H2 
(Dias, 2020)

	Parabolic Trough
	0.36 $/kW
 (Gielen, 2012)
	SOEC
	4.96 $/kg H2 
(Zore, 2021)
	Chemical Method

	Power Tower
	0.29 $/kW
 (Gielen, 2012)
	AEM
	2.00 $/kg H2 
(Li, 2021)
	Solid Hydride

	Biomass Energy (EFB)
	Green H2 (POME)
	Metal Hydride
	1,430.00 $/kg H2 (EERE, 2013)

	Combustion
	0.15 $/kW
 (FEMP, 2016)
	DF 
	2.57 $/kg H2 
(Kadier, 2016)
	Chemical Storage

	Pyrolysis
	0.21 $/kW
 (Montoya, 2020)
	MEC (Kadier et al., 2016)
	2.60 $/kg H2 
(Kadier, 2016)
	LOH
	1.54 $/kg H2 
(Daniel, 2020)

	Gasification
	0.27 $/kW 
(Dimpl, 2011)
	Turquoise H2
	Circular Carrier

	Biomass Energy (POME)
	Methane Pyrolysis
	2.19 $/kg H2 
(Zore, 2021)
	NH3
	0.18 $/kW
 (Brown, 2020)

	Anaerobic Digestion
	0.23 $/kW
 (Juliana, 2018)
	
	





Table A4: Energy Factor
	H2 Production
	H2 Storage

	Green H2 (Electrolysis)
	Physical Method

	PEM
	54.60 kW/kg H2 
(Mehmeti, 2018)
	Compressed H2
	6.00 kW/kg H2 
(Sheffield, 2014)

	AWE
	53.90 kW/kg H2 
(Kuckshinrichs, 2017)
	LH2
	10.00 kW/kg H2 
(Gardiner, 2009)

	SOEC
	36.14 kW/kg H2 
(Mehmeti, 2018)
	Chemical Method

	AEM
	60.09 kW/kg H2 
(Wang, 2012)
	Solid Hydride

	Green H2 (POME)
	Metal Hydride
	3.00 kW/kg H2 
(Sheffield, 2014)

	DF
	21.60 kW/kg H2 
(Mehmeti, 2018)
	Chemical Storage

	MEC
	
	LOH
	0.70 kW/kg H2 
(Andersson, 2019)

	Turquoise H2
	Circular Carrier

	Methane Pyrolysis
	5.23 kW/kg H2 
(Machhammer, 2016)
	NH3
	2.00 kW/kg H2 
(Andersson, 2019)



Table A5: Cost of Raw Material 
	Raw Material
	Cost ($/kg)

	EFB
	0.012 (Reeb, 2014)

	POME
	0.74 (Parmar, 2020)

	Water
	0.00055 (AirSelangor, 2022)

	Methane
	2.37 (Valev, 2022)



Table A6: Solar Energy Can be Collected 
	Technology
	Solar Energy Can be Collected (kW/h m2)

	CS
	0.125

	TF
	0.0667

	Parabolic Trough
	0.253

	Power Tower
	0.138 



Table A7: Minimum Area of Solar Panels 
	Technology
	Minimum Area Required (m2)

	CS
	1.635 (Swanson, 2021)

	TF
	1.635 (Swanson, 2021)

	Parabolic Trough
	76.440 (Günther, 2015)

	Power Tower
	100.000 (Breeze, 2016)



Although solar panels does not consist upper limit on the implemented area, a maximum area of 1 x 107 m2 is applied to all of the solar energy technologies.



Table A8: Detailed Information for Combustion of EFB   
	Parameter
	Value
	Unit

	Calorific Value of EFB (Nyakuma, 2014)
	17.02
	MJ/kg EFB

	Boiler Efficiency (CDM, 2001)
	75
	%

	Heat Content of EFB (Protásio, 2013)
	12.765
	MJ heat/kg EFB

	Pressure of High Pressure Steam (HPS) (CDM, 2001)
	25
	barg

	Temperature of HPS (CDM, 2001)
	226
	oC

	Enthalpy of HPS (CDM, 2001)
	2.802
	MJ heat/kg HPS

	Conversion of EFB to HPS
	4.555
	kg HPS/kg EFB

	Steam Turbine Efficiency (Jane, 1982)
	37
	%

	Electricity Produced from HPS
	1.037
	MW/kg HPS



Table A9: Detailed Information for Pyrolysis and Gasification of EFB   
	Parameter
	Pyrolysis
	Gasification
	Unit

	Calorific Value of EFB (Nyakuma, 2014)
	17.02
	MJ/kg EFB

	Yield of Syngas (SG) (Bogale, 2017)
	35
	85
	%

	Temperature
	500
(Zajec, 2009)
	700
(Mohammed, 2011)
	oC

	Composition of H2
	0.429
(Zajec, 2009)
	0.485
(Mohammed, 2011)
	wt%

	Composition of Carbon Monoxide (CO)
	47.912
(Zajec, 2009)
	27.720
(Mohammed, 2011)
	wt%

	Heating Value of CO
	5.478
(Zajec, 2009)
	10.160
(Mohammed, 2011)
	MJ heat/kg CO

	Gas Engine Efficiency
	35
(MacKay, 2011)
	30
(Ralph, 2007)
	%

	Electricity Produced from CO
	3.556
	3.048
	MW/kg CO

	Recovery of H2 (Logan, 2015)
	95
	%



Table A10: Detailed Information for Anaerobic Digestion of POME   
	Parameter
	Value
	Unit

	COD of POME (Aziz, 2018)
	40,667
	mg/L

	Conversion from POME to Biogas (BG) (Aziz, 2018)
	0.0314
	kg BG/kg POME

	Heat Content of POME (Protásio, 2013)
	1,275.374
	MJ heat/kg POME

	Heating Value of Methane (CH4) (Shakib, 2019)
	55.384
	MJ heat/kg CH4

	Composition of CH4 (Shakib, 2019)
	65
	%

	Heating Value of BG (Shakib, 2019)
	36.000
	MJ heat/kg BG

	Gas Engine Efficiency (Beegle, 2018)
	38
	%

	Electricity Produced from BG
	13.680
	MW/kg BG



Table A11: Detailed Information for DFMEC   
	Parameter
	DF
	MEC
	Unit

	Density of POME (Ali, 2013)
	876
	g/litre

	COD (Ali, 2013)
	82.911
	61.183
	g COD/litre POME

	Density of H2 (Portal, 2021)
	0.0899
	g/litre

	Yield of H2 from COD
	0.007
	0.015
	g H2/g COD

	Yield of H2 from POME
	0.621
	1.023
	kg H2/kg POME





Table A12: Production Capacity   
	Technology
	Equipment
	Minimum
	Maximum
	Unit

	Combustion
	Water Tube Boiler (Hong, 2022)
	5,000
	120,000
	kg HPS/hr

	
	Steam Turbine (Jane, 1982)
	1,000
	1,000,000
	kW

	Pyrolysis
	Pyrolyser (Monnet, 2020)
	188
	1,500
	kg EFB/hr

	
	Gas Engine (Haga, 2011)
	1,000
	1,000,000
	kW

	Gasification
	Gasifier (Frank, 2015)
	83.333
	2,000
	kg EFB/hr

	
	Gas Engine (Haga, 2011)
	1,000
	1,000,000
	kW

	Anaerobic Digestion
	Gas Engine (Haga, 2011)
	1,000
	23,000
	kW

	Green H2 Production
	PEM (Roode, 2019)
	0.0899
	35.953
	kg H2/hr

	
	AWE (Roode, 2019)
	0.0899
	107.856
	kg H2/hr

	
	SOEC (Roode, 2019)
	0.0899
	5.662
	kg H2/hr

	
	AEM (Wang, 2012)
	0.0449
	0.899
	kg H2/hr

	Turquoise H2 Production
	Pyrolyser (Mesrobian, 2021)
	1
	400
	kg H2/hr



Table A13: Unit Cost for Maximum Capacity Electrolyser   
	Technology
	Value
	Unit

	PEM
	3.99
	M$

	AWE
	9.20
	M$

	SOEC
	0.53
	M$

	AEM
	0.23
	M$



Table A14: Storage Condition   
	Technology
	Value
	Unit

	[bookmark: _GoBack]Compressed H2
	70 (Sheffield, 2014)
	MPa

	LH2
	20 (Gardiner, 2009)
	K

	Metal Hydride
	1 (Sheffield, 2014)
	MPa

	LOH
	3 (Andersson, 2019)
	MPa

	NH3
	1 (Andersson, 2019)
	MPa



Table A15: Water Consumption
	Technology
	Value
	Unit

	Combustion 
	20.986 (Wirth, 2014)
	kg H2O/kWh

	Gasification
	0.5 (Rajabi, 2018)
	kg H2O/kg EFB
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