Supergen MANCHESTER

Tyndall’Centre

27
for Climate Change Research . . 1824
@ | Bioenergy The University of Manchester

Bloenergy Sustainabllity:

Infroducing the Bioeconomy Sustainabllity
Indicator Model (BSIM)

Dr. Andrew Welfle

DS XX A=
.
00
0
°°,.l&—"—‘
lu‘ \v\

N\ N
\\\\\\\\\\\\‘M

TERTAS

i

IX| e

7 wﬂ‘ﬁ P
AN S

N
2‘@'@ :
7Z }é
_9X
NNSS i
1 B8

n\\\\\\\\\\\\\\‘n..
}\\\_\_\} YANNAWNY :g b
AAANINVINNNN

[




MANCHESTER
1824

The University of Manchester

Role of Bioenergy in UK
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http://www.gov.uk/government/statistics/digest-of-uk-energy-statistics-dukes-2019
http://www.gov.uk/government/statistics/digest-of-uk-energy-statistics-dukes-2019
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The World i1s Watching!

Indonesia’s biofuel bid threatens more deforestation for oil palm plantations

MAGAZINE #2020 f ¥in ©®= [

THE FRIDAY COVER

The ‘Green Energy’ That Might Be Ruining the Planet

The biomass industry is warming up the South's economy, but many experts worry it's doing the same to the climate. Will the Biden Administration embrace it, or cut it loose?

..' -

£ | S— iO;nSS ad bientgy
Burning wood for pow;‘{- is mlsgl;uded The dirty little secret behind 'clean
say climate experts energy’ wood pellets

Using biomass instead of fossil fuels may not be the answer to
averting global warming

Dirtier than coal?

Why Govemment plans to subsidise buming
trees are bad newvs for the planet

Greenpeace slams certification schemes, i o g
inciting criticism: ‘The NGO is using palm oil ——
as cannon-fodder to sway EU lawmakers’ — = e AR
A — : 3 arbon-neutralityis a
SRS e F I in : x f R fairy tale': how the race
NN O il for renewables is burning
Europe's forests

fri

= thesarth GREENPEACE

Are forests.the new Coal? Global alarm souncgf_gs

blomass burnlng surges

CATANG R

Greenpeace has critiqued a range of sectors, but Palm Oil Monitor interprets the report as an attack on palm
oil. Gettylmages/Khlongwangchao
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What is Bioenergy Sustainabillitye

How IS IT Measured, Assessed, &
Certified@



Sustainabillity in Policy

UN Sustainable Development Goals

International » Climate Change Targets

Renewable Energy Directive (RED)
Fuel Quality Directive (FQD)

VvV VY

EU Policy

Renewable Transport Fuel Obligation (. TFO)
Renewable Obligation (RO)

Feed-In Tariffs (FIT)

Renewable Heat Incentive (RHI)

National Policy

YV V VYV

Waste

Agriculture
Forestry & Timber
Chemical

Industry
Construction
Energy

Transport

Industry &
Sectoral
Regulations

VVVYVYVYVVVYVY
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Sustainability Criteria:

7

Land Criteria: }

Focussing on the land from which the biomass is
sourced.

Biofuels may not be made from raw material
obtained from land with high biodiversity value or
land with high carbon stock such as peatland.

GHG Emission Criteria: }

Focussing on whole life cycle emissions of bioenergy.
Bioenergy system should achieve a specified GHG
emission saving compared to a comparator.

Cucuzzella C, Welfle A, Réder M, Harmonising GHG and Sustainability Criteria for Low Carbon Transport Fuels and Other Bioenergy Sectors. Supergen Bioenergy Hub Report for the Low
Carbon Vehicle Partnership. 2020. https://www.supergen-bioenergy.net/wp-content/uploads/2020/11/Harmonising-sustainability-standards-report.pdf



https://www.supergen-bioenergy.net/wp-content/uploads/2020/11/Harmonising-sustainability-standards-report.pdf

Sustainabllity in Voluntary Schemes

Coverage of Sustainability Issues Differs across Schemes:

Agriculture Focused

Schemes

Global
GAP

SAM

IFOAM

Carbon
Conservation

Preservation of aboverbelow ground carbon

Land use change

GHG emissions

Biodiversity

Biodiversity

MNatural habitats, ecosystems

Conservation

& Natural High conservation value areas
Capital MNative, endangered and invasive species
GMO
Soil management, soil protection
Soil Residues, wastes, by-products

Use of agrochemicals

Waste management

Sustainable

Water rights

water quality

Conditions

Water Use Water management, consenvation
Efficient water use
Air pollution
Mo burning for land clearing/waste disposal
Mo burning residues, waste, by products.
_ - Economic development
AlrQuality e -5 S mic benefits to community
Economic performance
Energy efficiency
Energy balance
Social impact assessment
Social Social benefits to community
Aspects Human rights
Land right issues
Working conditions
Contracts
Health and safety
Freedom of association, bargaining
Labour Discrimination

Wages

Working hours

Child Labour

Forced labour

Training, capacity building

The University of Manchester

Welfle A, Holland R, Donnison I, Thornley P. UK Biomass Availability Modelling: Scoping Report. Report for the Department for Transport. Supergen Bioenergy Hub 2020.

https://www.supergen-bioenergy.net/wp-content/uploads/2020/10/Supergen-Bioenergy-Hub-UK-Biomass-Availability-Modelling-Scoping-Report-Published-Final.pdf



https://www.supergen-bioenergy.net/wp-content/uploads/2020/10/Supergen-Bioenergy-Hub-UK-Biomass-Availability-Modelling-Scoping-Report-Published-Final.pdf
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Supergen’s BSIM

Developers:

** UK Supergen Bioenergy Hub researchers at the University of Manchester and Aston
University.

** Developed following consultation with academia, government, NGO and industry.

Our Aims:

** Develop a research tool that enables assessment and comparison of the sustainability of
bioenergy systems, feedstocks, technologies or supply chains.

Our Objectives:
** Analyse the sustainability credentials of the Supergen Bioenergy Hub projects.

Who is this Relevant for?

** Flexibility in the tool will also allow analysis of any bioenergy systems, feedstocks,
technologies or supply chains.



Further Information

Access the Model:

Open Access via Supergen
Website: bit.ly/SBH-BSIM
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Welcome to the

Bioeconomy Sustainability Indicator Model (BSIM)
Supergen

‘ Bioenergy

The BSIM has been designed to map the sustainability of bioenergy systems through asseszment of over 100 sustainability
issues. The model has flexibility allowing the analysis of biomass resources, value chains, technologies, and full bicenergy
systems. The BSIM can be used to:

benefits.

* Map the linkages and potential benefits of bicenergy for the UN Sustainable Development Goals
= Generate outputs that can be used to map the linkages between sustainability indicators. Enabling identification of

Model Information

Development Version: 210

Last Updated: 24/03/2022 Reset Model
BSIM Guidance Manual: Link

Developer Contact Details: andrew.welfle@manchester.ac.uk

Developers

MANCHESTER Tymdall Centre %Unwemw EBRI

for Climate Change Research Energy & Bioproducts
Research Institute

BSIM Guidance Manual:

Supergen

| Bioenergy

Supergen Bioenergy Hub

Bioeconomy Sustainability

Indicator Model (BSIM)
Guidance Manual

Authors
Andrew Welfle, Mirjam Roder

B ..., EBRI[F] e T s,
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Welfle A, R6der M. (2022) Mapping the Sustainability of Bioenergy to Maximise Benefits, Mitigate Risks and Drive Progress toward the
Sustainable Development Goals. Renewable Energy. Vol. 191 493-509. www.sciencedirect.com/science/article/pii/S0960148122004463



https://bit.ly/SBH-BSIM
http://www.sciencedirect.com/science/article/pii/S0960148122004463

BSII\/\ How It works

Sustainability Impacts & Benefits Linked to Activities & Processes along a Bioenergy Value Chain

Biomass

Biomass BB'?or::is = Products &
Feedstock gy Bioenergy
Processing
Vectors/
Al

— b — —— :
R 1= - - [ ] [o= [ sl e el

Sustainability Assessment Framework

Engaged with stakeholders to develop a

Categories | [ Themes Indicators | Issues | framework for assessing sustainability:
TR .
- | . o ~ « 4 x Sustainability Categories

Natural Systems
_——— ! ! . ' ' ‘ O o e .
) — [Directianausechange 1 %* 38 X Sustainability Indicators
Climate Change Emissions Land Use Change
| Indirect Land Use Change |

+* 126 x Sustainability Issues

¢ 16 x Sustainability Themes




BSIM — How It works

Sustainability Impacts

Biomass
Feedstock

Sustainability
Indicators

Categories

Natural Systems

Emissions

Climate Change

Very

BSIM Calculation Mechanics
Indicator Applicability: Yes / No
Sustainability Indicator Assessments:

- Scale of potential sustainability risk

- Scale of potential sustainability benefit

Indicator Weightings:

Potential Sustainability Benefits

What are the implications of
emissions linked to
Conversion of Feedstocks
to Energy?

Sustainability Performance

Sustainability Score
Index:

Indicator Weightin :l
Score A .

** 126 x Sustainability Issues



Sustainability Assessment Framework

Categories

People

Development

Natural Systems

Climate Change

Themes

Health

Indicators

Health & Wellbeing

MANCHESTER
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Food Systems

Land Management

Livelihoods

Decent Work

Jobs & Skills

Change inincome

Society

Equality

Peace, Justice & Strong Institutions

Partnerships

Energy Access

Economy

Economic Performance

Economic Stimulation

Infrastructure

Infrastructure Requirements

Feedstocks

Production Processes

Mobilisation

Distribution

Technology

Innovation

Efficiencies

Techno-Economics

Energy Sector

Bioenergy

Energy System Performances

Added Value Products

BIOECO no my Bioenergy Complementing Wider Sectors
Land Utilisation Land Characteristics
Soil
Land Ecosystems
PM Pollutants
Air Oxide Pollutants
Heavy Metal
Water Use & Efficiency
Water Water Quality

Water Systems
Climate Action

Governance standards

Carbon & Emissions

Whole Life Cycle Emissions

Land & Carbon Stocks

Counterfactual Considerations

Energy System

Replaced Fuels
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Outputs Generated by the BSIM



Outputs — Sustainabllity Maps

Health & Wellbeing
F

Replaced Fuels
Counterfactual Considerations

Land & Carbon Stocks

ood Systems
Land Management

Decent Work

Whole Life Cycle Emissions Jobs & Skills

Standards Change in income

Climate Action Equality

Water Systems Peace, Justice & Strong Institutions

Water Quality Patnerships

a) UK MSW
Biomass
Resources

Water Use & Efficiency Energy Access

Economic Performance

Heavy Metals

Oxide Pollutants Economic Stimulation

Key
Sustainability Benefit

PM Poliutants Infrastructure Requirements

Production Processes

Sustalnabllity Risk Ecosystems
People Sustainability Indicators Soil Mobilisation

Development Sustainability Indicators Land Characteristics Distribution

Matural System Sustalnabllity Indicators Bioenergy C%"gggg)emmg Wider oo
. I . . i Added Value Products Effidendes
Climate Change & Emissions Sustainability Indicators Energy System Performances Techno-Economics

Bioenergy




Outputs — Sustainabllity

Sustainability Categories Index Scores Sustainability Theme Index Scores Sustainability Indicator Index Scores
Health & Wellbeing -
Heaith - Food Systems -
Land Management -
Livelihoods 0.7 Decent Work -
People 0.9 Jobs & Skills 24
Change in income 1.9
Equality 1.9
. Peace, Justice & Strong Institutions -
Society 0.4 Partnerships -
Energy Access -
Econom 16 Economic Performance 20
Y i Economic Stimulation 1.1
Infrastructure Infrastructure Requirements 2.4
Production Processes
Feedstocks Mobilisation
Distribution
Innovation
Development 24 Technology Efficiencies
Techno-Economics
Bioenergy 0.3
Energy Sector 0.5 Energy System Performances 0.5
Bioeconom 0.8 Added Value Products -
Y i Bioenergy Complementing Wider Sectors 2.1
Land Utilisation 2.2 Land Characteristics 22
Soil -
Land e Ecosystems 13
PN Pollutants -
Air - Oxide Pollutants -
Natural System 0.7 Heavy Metals -
Water Use & Efficiency
Water Water Quality 0.0
Water Systems 0.5
Climate Action 27
Governance IS Standards =
- Whole Life Cycle Emissions 0.3
Climate Change 24 Emissions 0.1 Land & Carbon Stocks
Counterfactual Considerations 0.9
Energ)..r Systems - Replaced Fuels -

4

4

L ) 4

o0

L)

o0

L)
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Dashboard

Sustainability is not a set
end-destination. There are

many nuances and trade-
offs.

|dentify areas where
benefits can be promoted
& maximised.

|dentify areas to target
actions to mitigate risks.

Make mature bioenergy
decisions by considering
risks against the wider
benefits that may be
gained.
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Outputs — SDG Mapping

The 17 United Nations Sustainable Development Goals:

W SUSTAINABLE ALS

” DEVELOPMENT
W 0 B, 12 s

PEACE, JUSTICE PARTNERSHIPS ==
16 AND STRONG 17 FOR THE GOALS @
msmlmons

SUSTAINABLE
z @ DEVELOPMENT
GZLALS

“ Vi,

*"ns

2 ZERD GOOD HEALTH

Mll WELL-BEING

(“

DECENT WORK AND
ECONOMIC GROWTH

1 3 CLIMATE LIFE
ACTION BELOW WATER

.- £ P

<> ﬁ_



Qutputs —

DG Mapping

Livelihoods
Society
Ecomomy

Infrastructure

Feedstock Sourcing

Technology

Energy Sector

Bioeconomny

Land Utilisation

Water
Governance
Carbon 8 Emissions

Energy System

End powverty in all its forms everywhere.

End hunger, achiewe food secuirty and improved nutritiom and
promote sustainable agriculture.

Enszure hezlthy livesa and promote well-being for 2l at all =tages.

Enzure incdusive and eguitable quality and promote lifelong kearning
apportunities for all.

Achieve gender equsality and empower all women and girls.

Ensure availability and sustainable mansgement of water amd
sanitatiomn for all.

Emsure access to affordable, reliable, sustainable and moderm
energy for all.

Fromote sustained, indusive and sustainable economic growth, full
and productive employment and decent work for all.

Build resilient infrastructure, promote inclusive and sustainable
industriglization, and foster innowation.

Reduce imcome ineguality within and among countries.

Make cities and human settlements inclusive, safe, resilient amnd
sustainable.

Enzure sustainable consumption and production pattermns.

Take urgent action to combat climate change and its impacts by
regulating emissions and promoting developments in renewable
EMnergy.

Con=erve and sustainably us= the oceans, seas and marine resources
for sustainable development.

Protect, restore and promote sustainable use of terrestrial
eCosystems, sustainable managed forests, combat desertification,
and halt and reverse land degradation and halt biodiversity loss.

Fromaorte peaceful and inclusive zocieties for sustainable
development, provide access tao justice for all and build effective,
sccountable and inclusive institutions =t all lewels_

Strenghthen the means of implementation and revitalize the global
partnership for sustainable development.

The University of Manchester
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Outputs — SDG Mapping

SDG Map e _'_ SDG Radar Map

DG 1 S e e e

i s o e i s o e o e

5D 2 e

P el by, i e el g e 2 8 g

i s e o o o e et iy e ey

i

DG 6 ~---«~'--§-~~---~---- a) UK MSW Biomass Resources

DG T AR ———

SDG 17 - Partnerships for the Goals

a

e g ety SDG 16 - Peace, Justice & Strong Institutions

5DG 11 e SDG 15 - Life on Land

SDG 14 - Life Below Water

Natural Systems

SDG 13 - Cimate Action

SDG 12 - Responsible Consumption & Production

SDG 11 - Sustainable Cities & Communities

iﬁEEEH
5 o = |

b SDG 10 - Reduced Inequalities

SDG 9 Industry, Innovation & Infrastructure
SDG 8 - Decent Work & Economic Growth
SDG 7 Affordable and Clean Energy
SDG 6 - Clean Water and Sanitation
SDG 5 - Gender Equality
SDG 4 - Quality Education
SDG 3 - Good Health & Well-Being
SDG 2 - Zero Hunger t

SDG 1 - No Powverty
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Applying the BSIM to Help Bioenergy
Decision Makers



Mapping the Sustainability of UK Projects

+* 16x Case Studies

¢ Range of
feedstocks,
technologies,
vectors & energy
demands.

¢ Worked with 23
University &
Industry partners.

*¢* Focus on
identifying
sustainability
trends.

MANCHESTER

1824

Feedstocks Pre-treatment & Conversion CO; Processes Products Energy Demands
1 Imported Energy Crops
2 Miscanthus on Marginal Land
3 SRC Willow
4 Wastewater > Catalysis & Gasification > CCS > Hydrogen, Bio-methane |
5 Biomass Substrate / Wastewater > Photoreforming via Photocatalysis > ccu > Hydrogen |
6 Waste Wood > Catalysis & Hydrolysis > Hydrochar, Liguid Fuels |
7 Seaweed > Catalysis & Hydrolysis = Hydrochar, Liquid Fuels |
= |
8 CCSs > Bio-Hydrogen Replacing Blue Hydrogen |
9 Miscanthus > Combustion — Local CHP Plants > CCS > Heat & Power
10 Food Waste for Micro Algae > Pyrolysis > Biochar. Biomethane, Biocrude |
11 Anaerobic Digestion Biogas > Pyrolysis > Cccu > Hydrogen, Biochar |
12 Miscanthus > Microwave & Catalysis > Levulinic Acid, Biochar |
Energy Crops, Forestry & Agri- . . i i
13 Residues > lonic Liguids > Platform Chemicals, Biofuels. Biochar
1
14 Forestry/ Agri Residues > Gasification > ccusccs > Hydrogen Heal, Power,
i Ad yarog Transport
15 Forestry/ Agri-Residues > Gasification > CCs > Biokerosene, Biodiesel, Bioethanol Transport Fuels |
16 Miscanthus => Photocatalysis => CCSs => Hydrogen Power |
iT T
Key: ltems & Activities Sustainability Feedstock Production Feedstock Processing Products & Energy 1 | Whole Bioenergy 1
y: Included in research Mapping Focus: & Mobilisation & Conversion Vectors I I Value Chains I
3 5 ——

Welfle A, et al. (2023). Sustainability of Bioenergy — Mapping the Risks & Benefits to Inform Future Bioenergy Systems. Biomass & Bioenergy. Under Review




Maximise Benefits & Minimise Risks

Consistent Sustainability Benefits
across Case Studies:

MANCHESTER
1824

Consistent Sustainability Risks
across Case Studies:

People:

Jobs & Skills / Changes in Income / Partnerships
| Energy Access

Development:

Economy / Energy Sector / Bioeconomy / Land
Utilisation

Natural Systems:
Soil / Heavy Metals / Water Systems

Climate Change & Emissions
Climate Action / Emissions / Replaced Fuels

People:
Land Management

Development:

Infrastructure / Feedstock Mobilisation / Techno-
economics / Efficiencies

Natural Systems:
Air Pollutants/ Water Use & Efficiency

Climate Change & Emissions:
Emissions / Carbon Stocks
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Conclusions

*»* Bioenergy targeted for key role in achieving climate change targets — more
biomass will be required to balance future demands.

*»* Bioenergy only provides a viable alternative energy option if it is sustainable.

** There is an existing framework of mandatory sustainability requirements,
supported by multiple voluntary sustainability schemes.

¢ BSIM allows you to map the full sustainability of bioeconomy projects:
o ldentify leading sustainability risks, potentially mitigated through
targeted actions.

o ldentify leading sustainability benefits, maximised and used to promote
schemes.
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Any Questions?

Dr. Andrew Welfle @M andrew.welfle@manchester.ac.uk
+44 (0)161 275 4339

@andrew_welfle
Linkedfd. Andrew Welfle
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