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Agenda

+ Intros

+ Anaerobic Digestion (AD)

+ Biomethane GHG methodology development

+ LCA principles

+ Engagement exercises

+ Avoided emissions

+ Workshop and questions



What is 
Biomethane? 
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Credit. Unlocking New Zealand’s 
Biomethane Potential



What is 
Biomethane? 
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Credit. Unlocking New Zealand’s 
Biomethane Potential
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Purpose: GHG Methodology for Gaseous Biofuel

“Organic Waste” management processes

1. Landfill Gas Recovery

2. AD at Municipal Waste Water Treatment Plant

3. Organic waste diversion to AD Plant



Intended 
Use and 
Users 
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LCA Key Steps
1. Purpose and scope of LCA

2. System boundary of LCA 

3. Functional unit

4. Allocation approach for Co-products

5. Life Cycle Inventory (LCI) Analysis  - Inputs / 

Outputs (significance)

6. Life Cycle Impact Assessment  

7. Interpretation – e.g. Hot spots, Improvements etc.
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System Boundary

Functional Unit – (energy- GJ)

Carbon Intensity – kg CO2e/GJ

Carbon Footprint of Products ISO 14067-1

Lifecycle Assessment (LCA)



INPUTS

Waste feedstock

Transportation 

Anaerobic digestion

Biogas processing

Organic waste

Energy

Water Heat + Electricity

Digestate 

Fugitive Emissions

Biogas / 
Biomethane

OUTPUTS

System Boundary Cradle-to-Gate

Consumables
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CO2

Waste 



Extraction (A1) Transportation 
(A2)

Refining / 
Upgrading  

(A3)

Distribution 
(A4)

Use / 
Combustion 

(B1)

Waste to AD – Product LCA

Cradle-to-Gate Gate-to-Grave

Cradle-to-Grave
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Biomethane Product LCA = Carbon Intensity 
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Extraction (A1)

• Screening
• Dewatering
• Separate 

contaminants
• Collection

Transportation (A2)

• Transportation of 
feedstock

Refining / 
Upgrading (A3)

• Plant operational 
energy

• Anaerobic 
Digestion

• Scrubbing 
• Dehydration
• CHP
• Compression
• Waste

Distribution (A4)

• Pipeline T&D
• Fugitives
• Compression 

Distribution (A4)

• Pipeline T&D
• Leaks
• Compression

Use / 
Combustion (B1)

• Methane Slip
• Boilers
• Turbines

Cradle-to-Gate Gate-to-Grave

Cradle-to-Grave



Exclusions from 
Cradle to Gate 

Embodied emissions of plant

Embodied emissions of equipment

End use combustion

Digestate application to land 



Co-Products 

Digestate  CI for digestate is Zero

CO2  CI for CO2 is Zero

Electricity Equation 12 Electricity Co-product Carbon Intensity: 

Heat  Equation 13 Heat Co-product Carbon Intensity:
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Biomethane Production - Greenhouse Gases

Biogenic 
CO2

Fossil 
CO2

N2O CH4

CO2e



Methane emissions sources globally
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Upstream GHG

Cradle to Gate ~ 13-23kg CO2e/GJ

T&D

Use phase Combustion

~ 54 kg CO2e/GJ

CI ~ 70 kg CO2e/GJ  

Upstream GHG

Cradle to Gate ~ 25kg  CO2e/GJ

T&D

Use phase Combustion

~ 0 kg CO2e/GJ

CI ~ 25kg CO2e GJ 

Fossil Gas Emissions Biomethane Emissions

C
ra

dl
e 

to
 G

ra
ve

Emissions Reduction- Biomethane vs Fossil Gas

Reduction of GHG ~ 65%



Well to tank 

Cradle to gate
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Organisational GHG Accounting

REC Scheme meets GHG P Scope 2 - Market Based Reporting Quality Requirements (8 Criteria)- 
Adapted per UK GGCS.

Scope 1: Direct biogenic CO2 emissions linked to the use of gaseous biofuel are zero 

Scope 1: Direct biogenic emissions from other GHGs (CH4 and N2O) to be reported

Scope 3: Upstream emissions of gaseous biofuel production and transport must be reported.

 ISO Category 4 - Indirect GHG emissions from products used by organisation, 
 
 Scope 3 Cat.3 - Fuel and energy related activities.
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Scope 1 & 3

Toitū Envirocare |  21



LCA Activities                   Org. Inventory
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User Fossil Fuel 
Combustion 

Producer 
Extraction 

Producer Fuel 
Processing

Biogenic CO2

User Fertiliser

Producer Plant 
Embodied 
Emissions Scope 1

Scope 2

Scope 3

Supplementary 
Note



Avoided Emissions
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Upstream waste diversion
30-60kg CO2e/GJ

Combustion emissions 
50kg CO2e/GJ

Fertiliser /Land use
5-20kg CO2e/GJ

Avoided CH4 or N20 from organic 
waste BAU landfill etc.

Avoided fossil combustion with 
“zero” carbon biogenic emissions

Avoided fossil based fertiliser and 
increase in soil carbon



Avoided LCA Impacts for AD
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Ecotoxicity 
Air quality

Fossil resource depletion Eutrophication

Landfill leachate VOCs
Fossil fuel flaring and waste

Avoided fossil gas 
extraction

Reduce fertiliser runoff

Waste reduction

Waste to landfill 
Drilling waste



Extraction (A1) Transportation 
(A2)

Refining / 
Upgrading  

(A3)

Distribution 
(A4)

Use / 
Combustion 

(B1)

Fossil gas product LCA
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Extraction (A1)

• Exploration
• Drilling
• Extraction of gas
• Energy, water, heat
• Methane leak- fugitives
• Venting
• Flaring
• Waste 

Transportation 
(A2)

• Transportation of 
gas

• Fugitives
• Compression

Refining / Upgrading 
(A3)

• Plant Operational 
energy

• Scrubbing, H2S, CO2

• Dehydration
• CHP
• Compression
• Fugitive emissions

Distribution (A4)

• Pipeline T&D
• Fugitives
• Compression 

Use / 
Combustion 
(B1)

• Fugitive
• Heat 
• Power

Fossil gas product LCA

Cradle-to-Gate 

Cradle-to-Grave
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What are key GHG reduction 
opportunities within biomethane 

production? 



Ngā mihi



Background slides



Biofuel carbon intensity
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Annual production emissions
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Feedstock Emissions
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Fugitive Emissions
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1. Anaerobic digester leakage, (FEad)
2. Fugitive emissions during scrubbing biogas and upgrading to biomethane, (FEsu)
3. Digestate storage, (FEds)
4. Landfill Gas, (FELFG) – (null if not a landfill gas process)



Data Quality
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1. Primary data - quantified value of a process or an activity obtained 
from a direct measurement, or a calculation based on direct 
measurements. 

For instance, kWh of electricity purchased, measured at meter.

2. Secondary data - obtained from proxy processes or estimates. 

For instance, using spend data to estimate emissions of a quantity of
purchased consumables or using average sector default values for fugitive 
emissions.



WTT NZ 
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Next Steps: 

1.  Worked examples and calculator. 
2. Avoided emissions methodology.
3. Cover feedstocks from agricultural crops.



Gas transition plan



World Biogas 
Association   
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GREET
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