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Today’s event

• Sam Cooper, University of Bath. The effect of timing on impacts of 
greenhouse gas emissions

• Andrew Welfle, University of Manchester. Accounting whole life cycle 
bioenergy emissions

• Michael Goldsworthy, Drax. Temporal aspects of forest carbon

• Nicola Noponen, Roundtable on Sustainable Biomaterials. Overview of 
sustainability principles and criteria for the RSB Standard

• Panel discussion and Q&A moderated by Marcelle McManus, 
University of Bath and Mirjam Röder, Aston University.



The effect of timing on impacts of 

greenhouse gas emissions

We work with academia, industry, government and societal stakeholders 

to develop sustainable bioenergy systems that support the UK’s 

transition to an affordable, resilient, low-carbon energy future.

Sam Cooper, University of Bath



Climate change impacts 
are a 

process that 
varies with time



What do you get if you combine:
Emissions that vary with time

with
Impacts that vary with time after the 

emissions?

A:

Q: 



All 
emissions 

occur in 
year - 0

8.6 g-CO2

5.7 g-CO2

69 g-CO2

5.4 g-CO2





What if we measure “CO2 – equivalence” in different ways?



What if we measure “CO2 – equivalence” in different ways?



What if we measure “CO2 – equivalence” in different ways?



Intuition is not reliable for some systems!

Single metrics are useful but can’t capture 
everything

How do we balance need for simplicity with 
need to communicate effects?

Check whether there are complex dynamics

Provide full emissions inventory



Briefing note with points explained: 

https://researchportal.bath.ac.uk/en/publications/greenhouse-gas-emissions-timing-matters

Spreadsheet so you can calculate impacts for a temporal inventory: 

doi.org/10.15125/BATH-00787

Contributions: Sam Cooper, Rowan Green, Laura Hattam, Mirjam Röder, Andrew Welfle, Marcelle 

McManus. 

Contact: sjgcooper@bath.edu

Examples taken from:

https://researchportal.bath.ac.uk/en/studentTheses/optimising-bioenergy-use-in-district-heating-systems-in-the-eu

doi.org/10.1016/j.biombioe.2018.12.019

www.supergen-bioenergy.net

Grant: EP/S000771/1
www.csct.ac.uk

https://researchportal.bath.ac.uk/en/publications/greenhouse-gas-emissions-timing-matters
https://doi.org/10.15125/BATH-00787
mailto:sjgcooper@bath.edu
https://researchportal.bath.ac.uk/en/studentTheses/optimising-bioenergy-use-in-district-heating-systems-in-the-eu
http://doi.org/10.1016/j.biombioe.2018.12.019


Accounting Whole Life Cycle Bioenergy Emissions 
within the UNFCCC Emission Accounting Framework

We work with academia, industry, government and societal stakeholders 

to develop sustainable bioenergy systems that support the UK’s 

transition to an affordable, resilient, low-carbon energy future.

Supergen Policy Brief

Dr. Andrew Welfle 
University of Manchester



Bioenergy, A Low Carbon Renewable Energy Option

• For bioenergy to be a viable low-carbon renewable energy option to 

replace fossil fuels, it is fundamental that bioenergy can provide 

genuine reductions in GHG emissions.

• The concept of bioenergy providing low-carbon energy revolves 

around the transfers of biogenic carbon between the atmosphere and 

terrestrial systems: the carbon cycle. 

o Biogenic carbon - emissions related to the natural carbon cycle; 

o Processing Emissions - wider life cycle emissions such as 

those linked to use of fuel energy for harvesting of biologically 

based materials.

• Bioenergy will be low carbon providing there is a close balance 

between emissions released to the atmosphere and the carbon stored 

as biomass materials (plants) grow.

• Accounting whole life cycle emissions from bioenergy systems and 

demonstrating that they deliver energy with reduced GHG emissions is 

crucial if we are to meet emissions reduction targets. 



Bioenergy & the Carbon Cycle



Bioenergy, Across International Boundaries 

Case Study UK:

• Bioenergy is a key renewable energy technology in the UK, and the Government has 

targets to increase its role. UK government energy statistics for 2018 [1]: 

o 31.6% of total renewable power sourced from bioenergy

o 41% of total renewable heat sourced from bioenergy)

o Bio-diesel and bio-ethanol accounted for 3.7% and 4.6% of UK total transport fuels. 

• UK biomass feedstock demand for current and planned applications is large and in part 

supplied by international supply chains importing biomass from many regions. 

o The UK bioenergy sector currently consumes about 20% of global forest-based 

wood pellet production, making it the largest consumer worldwide. 

o Over 90% of these wood pellets are imported, making the UK the largest importer 

of 

• It is important that the whole lifecycle GHG emissions for bioenergy are accounted, 

regardless of when and where in the world these emissions occur. 

[1] BEIS, Digest of United Kingdom Energy Statistics (DUKES) 2018, London, 2019. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/822305/DUKES_2019_MASTER_COPY.pdf

[2] FAO, 2015 Global Forest Products Facts and Figures, Rome, 2016.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/822305/DUKES_2019_MASTER_COPY.pdf


Bioenergy Whole Life Cycle Emissions



The UNFCCC Emissions Accounting Framework

• The Intergovernmental Panel on Climate Change (IPCC) oversaw the development of 

the universally adopted methodologies and guidelines for accounting GHG emissions. 

• Nations are required to individually account and report all their emissions within a series 

of GHG inventories that are then submitted for assessment by the United Nations 

Framework Convention on Climate Change (UNFCCC). 

• GHG emission and removal estimates for each inventory are divided into sectors 

grouped around processes, sources and sinks:

• A comprehensive framework has been developed to measure, report and verify (MRV) 

emissions with different reporting requirements for both Developed Countries (Annex I 

Parties) and Developing Countries (Non-Annex I Parties)   

GHG Emission 

Inventories

Energy

Each sector comprises individual 

categories (e.g., transport) and sub-

categories (e.g., cars).

Industrial Processes & Product Use (IPPU)

Agriculture, Forestry & Other Land Use (AFOLU)

Waste

Other (e.g., indirect emissions from non-agriculture sources)



Bioenergy vs. the UNFCCC Accounting Framework

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch12_HarvestedWoodProducts.pdf



Agriculture, Forestry & Other 

Land Use (AFOLU) Emissions
Energy  Emissions Waste Emissions

• Biogenic CO2 sequestered during 

biomass growth and released back to 

the atmosphere during energy 

conversion are accounted within the 

AFOLU GHG Inventory. 

• Where the production of biomass for 

bioenergy has resulted in land-use 

change, all resulting GHG emissions 

are reported in the AFOLU sector and 

can occur and may be reported within 

inventories for many years after the 

land-use change. 

• For annual crops, the IPCC guidelines 

assume that there are no net biogenic 

CO2 emissions or removals from 

biomass carbon stock changes.

• Release of biogenic CO2 emissions 

through combustion are NOT included 

in the total emissions accounting for 

the Energy GHG inventory - recorded 

as a memo item,  

• CH4 and N2O emissions through

combustion are reported and 

accounted within the Energy GHG 

Inventory. 

• Fuel energy emissions attributed to 

processes such as terrestrial 

transportation are accounted within 

the Energy GHG Inventory. 

• Emissions attributed to international 

transport energy taking place outside 

national boundaries are calculated but 

are excluded from National 

Inventories - ‘international bunker fuel 

emissions’.  

• Emissions attributed to the processing 

and management of post-combustion 

materials such as ash will be 

attributed to the Waste GHG 

Inventory.

• When organic waste materials are 

incinerated for energy, the CO2, CH4

and N2O emissions from the biogenic 

part of waste are recorded as a memo 

item within the Energy sector 

inventory. 

• When waste is burned without energy 

recovery, CH4 and N2O emissions 

from the biogenic part of waste are 

estimated and included in the Waste 

GHG Inventory.

Bioenergy vs. the UNFCCC Accounting Framework

The IPCC approach for accounting GHG emissions from combustion of biomass or 

biomass-based products (e.g., ethanol or wood pellets) allows complete coverage of 

emissions and removals across the sectors, particularly from Energy, AFOLU, and Waste: 



Case Study – Bioenergy from Imported Pellets

• As the scale of traded biomass has increased 

and international supply chains have become 

more complex, GHG accounting frameworks 

have gained greater scrutiny.

• Common scenario for biomass to be 

transported across national borders and to be 

converted to bioenergy in different countries. 

• As a result the emissions associated with 

different life cycle steps within a given 

bioenergy pathway will likely be attributed to 

different sectors and GHG inventories in 

different countries.  

• The following graphs have been developed to 

provide an example case study of a 

bioenergy pathway where a Country 

generates bioenergy from imported pellets. 



Case Study – Bioenergy from Imported Pellets



Case Study – Bioenergy from Imported Pellets



Bioenergy vs. the UNFCCC Accounting Framework

• The IPCC approach for accounting GHG emissions from combustion of biomass or 

biomass-based products (e.g., ethanol or wood pellets) complete coverage of emissions 

and removals across the sectors

• In GHG accounting terms, bioenergy may provide an attractive option for: 

o Countries producing feedstocks for bioenergy: Expansion of forestry would 

result in emission reductions as accounted within the AFOLU GHG Inventories. 

o Countries generating bioenergy: Where high GHG emitting fossil fuels are 

replaced emission reductions will be accounted within the Energy GHG Inventories. 

• From a climate change perspective, the location of emissions and how and where they 

are accounted is irrelevant; the important calculation is assessing the overall GHG 

footprint of a given bioenergy system taking account of all life cycle steps and 

consequential impacts. 

• Complementary analyses such as life cycle assessments (LCA) can provide a method 

for verifying the overall GHG footprint of any given bioenergy pathway.



Thank you
Any questions?

Dr. Andrew Welfle
Tyndall Centre for Climate Change Research 

The University of Manchester

 andrew.welfle@manchester.ac.uk 

 +44 (0)161 275 4339

@andrew_welfle

Andrew Welfle
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Temporal 
considerations for 
Forest Bioenergy
Dr Michael Goldsworthy
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Temporal boundaries for bioenergy
01



LCA temporal boundaries for 
bioenergy
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A case can be made to evaluate 
the carbon flows of bioenergy 
systems from any point in the 

carbon cycle, including:

2

1
3

The point at which carbon is 
sequestered

Any point at which carbon 
remains stored in biomass 

The point at which carbon is 
emitted

1

2

3

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjArtiwm7njAhXFyYUKHftDAQYQjRx6BAgBEAU&url=https://vimeo.com/246753869&psig=AOvVaw3itFcWW2F5T7_cIqqXIrYI&ust=1563358758866557


Carbon fluxes in forestry

Carbon ‘credit’

Carbon ‘debt’

02 June 2020 4

1 2
1

2

Atmospheric ‘debts’ or 
‘credits’ can be perceived 

depending on the boundary 
for the analysis

www.themostnaturalresource.com/sustainable-forestry/



Modelling individual supply 
chains
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Bioenergy LCAs often 
analyse impacts in the 
context of individual 

supply chains



Modelling impacts of 
bioenergy policies, markets 

or investments
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The resource affected by 
demand is not just a 
single stand, but an 

entire forestry landscape
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Evaluating supply response over time
02



Forest management 
responses to increased 

demand

02 June 2020 8

• Increased forest harvesting

• Increased forest thinning

• Increased forest residue extraction

• Increased forest investment 

• Improved forest management

• Increased replanting

• Establishment of new forest

• Reduced urbanisation and    
agricultural encroachment



Forest management 
responses to increased 

demand

02 June 2020 9

• Carbon stock depletion from forest 
harvesting, thinning and residue 
extraction

• Increased carbon sequestration 
through improved silvicultural practices

• Increased carbon sequestration 
through growth of new forest

• Increased carbon sequestration 
through forest investment

• Avoidance of carbon release from 
burning or decomposition of forest 
residues

•Protection against fire and disease 
through improved forest management



Understanding forest supply 
base response over time

For privately owned forests, such 
as the US South East, increased 

removals are associated with 
increased growth and increased 

inventory

02 June 2020 10
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Critical that studies evaluating atmospheric impacts of 
bioenergy:

 Do not arbitrarily assume a single point of the carbon cycle 
as the  relevant ‘start point’ of analysis

 Consider how the entire resource across the landscape is 
affected over time by demand

03 Summary





@RSB_ORG1

Roundtable on Sustainable Biomaterials

Nicola Noponen | Technical Advisor

@RSB_ORG@RSB_ORG2 June 2020



@RSB_ORG2

RSB: A just transition to a net positive world

@RSB_ORG2 June 2020

Assured global nutrition and water 

access

Fossil left in the ground

1.5C warming cap achieved

Maximum circularity

Guaranteed human & labour rights

Productive and healthy 

ecosystems

This transition to a new, climate resilient society is done with the voices of all people –

particularly the marginalised and workers in affected industries – at its core.



@RSB_ORG4

THE 12 RSB PRINCIPLES
Overview

2 June 2020
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THE 12 RSB PRINCIPLES
Social

@RSB_ORG2 June 2020



@RSB_ORG6

THE 12 RSB PRINCIPLES
Environment

@RSB_ORG2 June 2020



@RSB_ORG7

THE 12 RSB PRINCIPLES
Economic Management/Risk Management

@RSB_ORG2 June 2020



Biogenic 

Feedstocks

Energy 

Tobacco

Sugarcane

Grasses

Camelina

Coconut

Non-

biogenic

Feedstocks

Waste CO2

End-of-Life 

Tyres

Waste 

Plastics

MSW

Used 

Cooking Oil

Tallow

Forest & Agri

Residues

Fuels

Plastics

Cosmetics Chemicals

Textiles

Lubricants

Packaging

Multi-Feedstock Multi-Product
RSB Certifies

entire supply chains

Advanced Feedstocks

Bio-based Feedstocks

RSB Certification
Covers all parts of the supply chain

Transport

Processing

Trade

Advanced Products



@RSB_ORG9

RSB Certification Scope

2 June 2020



@RSB_ORG10

PRINCIPLE 3: Greenhouse Gas Emissions

@RSB_ORG2 June 2020

3a: Biofuels shall meet all applicable GHG reduction requirements set by national and/or 

regional and/or local regulations 

3b: Lifecycle GHG emissions of biofuels shall be calculated & reported:

• Well to Wheel 

• including GHG emissions from LUC

• including, but not limited to AGC & BGC stock changes

Methodology:

• RSB GHG Calculation Methodology (RSB- STD-01-003-01) 

• EU RED Biograce GHG calculation tool 

• Greenhouse gases, Regulated Emissions, and Energy use in Transportation (GREET) 

Model, developed and maintained by the Argonne National Laboratory 

• GHGenius Model for sugarcane ethanol and UCO biodiesel traded into Canada 

• EU RED default values

• Further methodologies following an approval by the RSB Board of Directors 



@RSB_ORG11



@RSB_ORG12

PRINCIPLE 3b: Greenhouse Gas Emissions

@RSB_ORG2 June 2020

Operators use the current RSB GHG Methodology or the UK’s Ofgem Solid and 

Gaseous Biomass Calculator Tool for supply chains using the following: 

• Forestry harvesting residues

• Forestry processing by-products and residues

• Short rotation coppices (e.g. poplar, willow) 

For energy products derived from other forestry products, the operator shall use a 

GHG accounting methodology that:

• takes into account counterfactual scenarios, i.e. compares emissions from 

bioenergy production to scenarios absent bioenergy demand, (including forest 

baseline scenario and traditional wood products baseline) and 

• uses a timeframe not longer than 20 years for modelling carbon sequestration, and 

• has been approved by the RSB Board of Directors for this purpose. 



@RSB_ORG13

PRINCIPLE 3c: Greenhouse Gas Emissions

@RSB_ORG2 June 2020

Biofuels shall have on average 50% lower lifecycle greenhouse gas emissions 

relative to the fossil-fuel baseline (60% for new installations). 

Lifecycle greenhouse gas emissions of a biofuel produced in a new installation 

(i.e. an installation that started operation after 5 October 2015) shall be 60% lower 

than the applicable fossil-fuel baseline. 



@RSB_ORG14

Forestry residues
Sustainability risks

2 June 2020

Greenhouse Gas

• Mature trees take decades to regrow and resequester carbon.

• Reduction of global GHG emissions is required in the short term to 

mitigate climate change.

Biodiversity

• Tree plantations may have replaced important natural habitat.

Ecosystem services 

• Poorly managed forests do not provide ecosystem services such as water 

regulation, biodiversity conservation  and carbon sequestration. 



@RSB_ORG15

Forestry residues
Requirements

2 June 2020

Forestry Harvest Residues

Tops, limbs (branches) and saplings 

• Trees with a diameter at a breast height 

below 5 inches/13 cm: GHG = 0

• >13cm = Full GHG LCA applies

Production Residues from 

Forestry Industry 
Sawdust, shavings, bark, tall oil, tall oil pitch, 

and black and brown liquor

• Elasticity & Economic Value Ratio (<5%)

• (as for other residues: GHG = 0)

• No specific sustainability requirements• Point of Origin must be certified at forest level (FSC 

or RSB, or equivalent)



@RSB_ORG18

Indirect effects

@RSB_ORG2 June 2020

The sourcing of feedstocks for alternative fuel production can result in 

unintended negative consequences, due to the diversion of the 

feedstock resource from its former use (e.g. as a food crop) to its new 

use in fuel production. 

Indirect Land Use Change (iLUC) 

And

Displacement effects  



@RSB_ORG19

RSB developed a set of criteria and compliance indicators for certified operators 

looking to demonstrate that their operations have a low iLUC risk, 

i.e. are unlikely to cause any displacement of an equivalent biomass production to 

another location. 

These indicators for low iLUC risk biomass and biofuels are based on the Low 

Indirect Impact Biofuels (LIIB) Methodology. 

Low iLUC Certification

Proving Low Risk of Causing Indirect Impacts



@RSB_ORG212 June 2020

The RSB iLUC indicators set is not a stand-alone certification 

module but is used in combination with the regular RSB 

certification process to ensure that all the other direct social and 

environmental impacts are effectively addressed 

RSB Low iLUC risk certification:

Low iLUC Certification

Proving Low Risk of Causing Indirect Impacts



@RSB_ORG22

RSB developed a set of criteria and compliance indicators for certified operators 

looking to voluntarily report on indirect emissions that may have been created by 

the diversion of end-of-life-products or residual feedstocks to the eligible product. 

Two options:

1) Meet requirements of RSB Low iLUC Risk Biomass Criteria & Compliance 

Indicators

2) report on the estimated displacement emission risk level by following the RSB 

methodology for displacement emissions. 

Displacement Emissions

Proving Low Risk of Causing Indirect Impacts



@RSB_ORG23

Nicola Noponen

nicola.noponen@rsb.org

THANK YOU!

2 June 2020



Webinar panel discussion

Michael Goldsworthy, Drax

Nicola Noponen, Roundtable on Sustainable Biomaterials

Sam Cooper, University of Bath

Andrew Welfle, University of Manchester

Moderation: Mirjam Röder, Aston University



Accounting and time of carbon sequestration and release

• In case of bioenergy, carbon is sequestered and then released and then 
sequestered again with the re-growth of biomass. What does the delay 
between the two sequestrations mean for climate?

• What is the nature and magnitude of the uncertainties persisted in the current 
calculation methods of GHG emissions and how to address them?

• How do you account for the changing substitution effects of fossil fuels given 
decarbonisation of the grid over time? And how do we compare the time 
accounted GWP value of this bioenergy system with those of fossil fuels 
based reference system?



Carbon stocks and product baskets

• Can you explain how you deal with allocation (of burdens/credits) for co-products 
within the system boundary of the bioenergy product system?

• The stored carbon in long-lived products could influence the carbon storage 
capacity in forest ecosystems and the forest product basket. How do you account 
for the carbon sequestration impacts/benefits of forests supplying biomass energy 
as well as other wood products?

• The share of wood used for bioenergy only accounts for a small part of the complete 
forestry value chain, and the increasing demand for biomass could result in a net 
increase in tree planting. This would produce more wood for products too and 
bioenergy could be made from recycled wood. Would there be a benefit if the 
carbon is locked up for many years prior to the energetic use?



BECCS & audience question

• What will be the effects of BECCS on carbon accounting and what 

will be the temporal impacts of BECCS. How will this affect related 

forest products ?

• Audience question: …



Follow us

@SupergenBioHub

Supergen Bioenergy Hub

Visit supergen-bioenergy.net

Email supergen-bioenergy@aston.ac.uk to sign up to 

the mailing list




