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[bookmark: _Ref97625122]Box S1: Calculation of maximum H2 production using surplus electricity from the two 3 MWe wind turbines
	The generated electricity by the two wind turbines (provided data): 15.34 GWhe/a.
Surplus electricity from the two wind turbines (provided data): 1.96 GWhe/a.
The percentage of surplus electricity to the total generated electricity:
 
H2 density is 0.0899 kg/Nm3 with a lower heating value of 33.33 kWh/kg and a lower energy density of 3.00 kWh/m3 [1]. 
Assuming an electrolyser with a system efficiency of 60% LHV and an energy consumption of 5.00 kWhe/m3 H2 [2].
The maximum H2 production from the curtailed electricity would be (if all surplus electricity is used):
 


[bookmark: _Ref97631189]

Box S2: Hydrogen potential for fuelling buses and commuter ferries at the industrial site
	Hydrogen bus
Assuming the hydrogen fuel cell bus has an energy consumption of 2.11 kWh/km [3] and based on a range of 450 km, the hydrogen capacity of the bus can be calculated as follows:
Range = 450 km
Energy consumption = 2.11 kWh/km
Hydrogen capacity = (450 km × 2.11 kWh/km) × = 950 kWh
LHV of hydrogen = 33.3 kWh/kg 
Mass of hydrogen required = 950 kWh ÷ 33.3 kWh/kg = 28.49 kg
The average daily travel distance for a bus in Dublin, Ireland is calculated as 150 km/bus/day based on the data from Central Statistics Office (CSO) on the Public transport [4]. 
Number of days between refuelling: 450 km ÷ 150 km/day = 3 days
Therefore, the number of buses that can be fuelled per year from the hydrogen produced at the industrial site: 


Hydrogen ferry
A travel distance of 112 km/ferry/day is assumed (equal to 4 round trips per day between the harbour and Cork City). A ferry fuelled by liquid hydrogen has an estimated fuel capacity of 2090 kg H2 and a range of 673 km based on the specifications and route information used for the Zalophus (a passenger ferry with an estimated 84 passenger capacity) in the San Francisco Bay [5]. The fuel efficiency is equivalent to 0.32 km/kg H2 or 0.0097 km/kWh or 0.0023 km/MJ.
The number of round trips each ferry can run using each tank of fuel:

If the ferry does 4 round trips per day from the harbour to Cork City:

The number of times the ferry can be re-fuelled per year 

8.2 refills at 6 days between refills suggests each system can provide 49 days of ferry travel, therefore:
Hydrogen sufficient to fuel ferry for:

If the ferry operates every day of the year, then 7 such electrolyser systems are required per ferry, travelling 112 km per day.




Box S3: Calculation of the saved CO2 emissions by on-site utilisation of oxygen from water electrolysis for aeration at a conventional municipal WWTP
	Production of hydrogen: 
17,100 kg H2/a (190,254 m3H2/a) (based on H2 produced from 122 kW electrolyser at a capacity factor of 74%)
Corresponding production of oxygen:
Based on mass balance of water electrolysis (the weight ratio of H2:O is 1:7.94)
 
 
Oxygen demand of 65,000 WWTP aeration basin:
Aeration tank volume
The aeration tank volume (VA) is used in the calculation for the oxygen demand and was calculated using Equation S1, highlighting the dependence on the sediment retention time.
Equation S1: Aeration tank volume and WWTP sediment retention time relationship.

Where: VA is the aeration tank volume, (m3); θc is the sediment retention time, (d); Qw is the Waste activated sludge (WAS) flow rate (m3/d); Xr is the waste sludge production ratio (kg/m3), and X is the mixed liquor suspended solids (MLSS) in the aeration tank (kg/m3). 

 from equation S1.

[bookmark: _Ref97630949]Table S1: Influent properties based on nearby WWTP PE of 65,000.
	Inlet variables 
	COP (/ Person)

	Q
	542 
	m3/h
	 
	Inflow
	0.2
	m3/PE/d

	VA
	7,150 
	m3
	 
	BOD
	60
	g/PE/d

	BODi
	300
	g/m3
	 
	Ammonia (NH4-N)
	4.5
	g/PE/d

	BODe
	25
	g/m3
	 
	TSS
	60
	g/PE/d

	MLSS (X)
	3
	g/m3
	 
	Sludge production
	60
	gTS/PE/d

	Ammi
	  22.50 
	g/m3
	 
	Waste sludge generation (Xr)
	0.6
	kgDS WAS/m3

	Ammo
	0.5 
	g/m3
	 
	Solids concentration in clarifier
	11
	g/L

	Ne
	1 
	g/m3
	 
	Sediment residence time
	10
	d

	TSS removal from primary settling
	50
	% 
	 
	WAS flow rate (Qw)
	3,575
	kg/day

	References used: [6]–[8] Note: Inlet variable values are calculated for PE of 65,000.
WAS – Waste Activated Sludge, COP – Code of practice


Application of Equation 5, calculation oxygen demand for WWTP of 65,000 PE:
 

 

 

The CO2 emissions intensity for electricity production in Ireland was 0.325 kgCO2e/kWh in 2019 [9]. Assuming the WWTP applies typical fine-bubble diffusers with an average transfer rate of 2.25 kg O2/kWh, and an average transfer rate of 12.5 kgO2/kWh for pure oxygen, then if the produced oxygen from electrolysis is fully used to supply oxygen demand at the WWTP, the electricity saved is: 
Aeration energy demand and emissions:
	 (Aeration power demand)
Aeration power demand typically 49% of WWTP power demand
	 (Estimated total WWTP power demand)
	(Aeration emissions)
	(Other WWTP emissions)

Associated energy and emissions reduced by the switch to pure O2: 
Pure O2 aeration fraction

Remaining Air aeration fraction
 
Overall savings at WWTP
    (WWTP energy savings)
 	(WWTP emissions savings)
		(Percentage reduction in emissions at the WWTP)
    (Enriched O2 aeration power demand as a % of the WWTP power demand [down from 49%])
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Box S4: Calculation of sludge production, biogas and biological methanation converting CO2 to methane.
	The removal rate of TSS in the primary sedimental tank is 50% [10]. The amount of sewage sludge (from primary sedimentation tank and aeration tanks) at the local WWTP with a design capacity of 65,000 PE is calculated below:
Production of sludge:
The dry solids found in the primary sludge correspond to half of the total suspended solids in the wastewater at the inlet:
 
 
 
Total Sludge production = PS removal + WAS production
 

Digestion of PS:
 
 
 
Digestion of WAS:
 
 
 

 
 
Biological methanation:
Reaction of 118,237 m3CO2/a with 17,100 kg H2/a [190,254 m3H2/a] from the electrolyser (Box S3) in a biomethanation system yields:

 
Using 190,254  in the biomethanation process results in a 21.8% improvement in the CH4 yield, totalling:
 






Box S5: Calculation of biomethane production and GHG emissions reduction from the use of biomethane
[bookmark: _Toc73103715]Taking cattle slurry (total solid content of 8.75%) as an example:
(1) Basic conversion factor and energy content:
1 m3 CH4 = 36 MJ = 10 kWh
1 m3 biogas = 36 MJ * 60% (methane content) = 21.6 MJ
CO2 emission factor of diesel = 0.264 kg CO2/kWh
Slurry management bonus = -54 kg CO2/twwt slurry
(2) Biomethane production
[bookmark: OLE_LINK6]Biomethane production from cattle slurry = 267,930 twwt/a × 16 m3/twwt ≈ 4,287 × 103 m3/a.
It is assumed that the content of CH4 and CO2 in biogas is 60% and 40%, respectively; as such, the CH4 and CO2 production is calculated as follows:
VCO2 = (4,287 × 103 m3/60%) × 40% = 2,840 × 103 m3/a;
Therefore, the total amount of CO2 in biogas production from cattle slurry, food waste and sewage sludge (including primary sludge and waste activated sludge) were calculated as 4,225 × 103 m3/a. However, as the produced H2 from the electrolyser was only 190,207 m3/a, this could only convert 47,552 m3 (190,207/4) CO2, which accounts for only 1.13% (47,552/(4,225 × 103)) of the total amount of CO2 in the produced biogas.
(3) GHG emissions reduction from replacement of diesel consumption:
Energy content in biomethane: ECH4 = 4,287 × 103 m3 × 10 kWh/m3 = 4,287 × 104 kWh;
CO2 emission savings by replacing diesel = 4,287 × 104 kWh × 0.264 kg CO2/kWh = 11.31 kt CO2;
(4) CO2 emission reduction from avoided methane production via digestion of slurry:
CO2 emission savings by digesting slurry = 267,930 twwt/a × 54 kg CO2/twwt slurry = 14.47 kt CO2
(5) GHG emissions from biochar production:
CO2 sequestrated by biochar = 267,930t × 8.75% × 20% × 55% × 3.67 = 9.46 kt CO2.
Total CO2 emission reduction from slurry digestion = 11.31 kt + 14.47 + 9.46 = 35.24 kt.
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