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Foreword

Now is the time of act

For decades, scientists have been warning the world about climate change. Yet, it was only in 2015

vJCV EQWPVTKGU 2PCNN[ CFQRVGF C NGICNN[ DKPFKPI KPVGTPCVK!
Paris Agreement, to limit global warming to well below 2°C, preferably to 1.5°C, compared to pre-

industrial levels by end of the century. To meet this target, the Intergovernmental Panel on Climate

Change (IPCC) say a 45% cut in global greenhouse gas (GHG) emissions against 2010 levels is required by

2030. Current nations’ climate plans, or Nationally Determined Contributions (NDCs), deliver a hopeless 1%

according to an interim NDC Synthesis Report of the UNFCCC published in March 2021, almost six years from

the adoption of the Paris Agreement.

We are now rapidly running out of time. In August 2020, we passed one of the many tipping points we have
been warned against - the melting of Greenland’s ice sheet is believed to have reached a point of no return,
which means that anything done now to mitigate climate change will not stop the ice sheet from completely
disappearing. The level of ice loss matches the worst-case-scenario predictions outlined by the IPCC.

We have less than a decade to change that 1% to a 45% to prevent us from reaching other tipping points. This

means all countries and industries must cut GHG emissions immediately, covering all sectors and drawing on

all technologies and knowledge. The Biogas: Pathways to 2030 report draws attention to an often overlooked

CPF [GV UKIPK2ECPVY ENKOCVG EJCPIG EQPVTKDWVQT QTICPKE YCUVGU %]
quarter of this alarming shortfall can be met.

Humans directly or indirectly generate over 105 billion tonnes of organic wastes globally each year, all of
which release harmful methane and other GHG emissions directly into the atmosphere as they decompose.
These organic wastes include food waste, sewage and garden wastes, food and drink processing wastes,
and farm and agricultural wastes. By separately collecting food waste to cut today’s food waste in half, a

3% reduction in greenhouse gas emissions can be achieved. By treating and recycling all other unavoidable
organic wastes through anaerobic digestion, a ready-to-use technology, we can prevent those methane
emissions and generate biogas, bio-fertilisers, bio-CO , and other valuable bio-products. Put simply, we can
turn a waste management issue into a resource. While today only 2% of these are recycled, an astonishing
10% reduction in global GHG emissions can be achieved by 2030 if we capture the readily available organic
wastes across the world.

This report forms a policy tool kit aimed at helping stakeholders and policy makers manage, reduce and
recycle their organic wastes as a circular economy to not just cut methane emissions from them but maximise
their value, helping to put the world back on track to deliver on the ambitions of the Paris agreement. The
knowledge and technology to achieve this by 2030 is already here. Governments, stakeholders and policy
makers just need to decide to act. Now.

Charlotte Morton , Chief Executive WBA

Thanks To Our Sponsors
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Biogas: Pathways to 2030 Executive Summary

Humans directly or indirectly generate over 105 billion tonnes of organic wastes globally each year, all

of which release harmful methane and other greenhouse gas emissions directly into the atmosphere as

they decompose. These organic wastes include food waste, sewage and garden wastes, food and drink

processing wastes, and farm and agricultural wastes. Today only 2% of these are treated and recycled.

%[ UKORN[ OCPCIKPI VIJGUG KORQTVCPV DitQanGulovarEGe:hods® G& (GE® EV KX G N |
emissions by 10% by 2030

This report maps out how the global biogas industry can enable countries to deliver a 10% reduction in global
GHG emissions by 2030. The pathways put humanity back on track to deliver by 2030 on the ambitions of both
the Paris Agreement and UN Sustainable Development Goals (SDGS).
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AD potential to abate GHG
emissions by 2030

Methane accounts for 20% of all
man-made GHG emissions (often
measured in CO equivalence).
Treatment of organic wastes through
AD can cut 25% of all man-made
methane emissions.

SUSTAINABLE CITIES 13 CLIMATE 1 5 LIFE

ON LAND Therefore, by simply avoiding
the methane emissions from the
breakdown of organic wastes, AD can
cut total GHG emissions by 5%.
A The remaining 5% arises from AD’s

" E ability to displace fossil fuels and
CTVK2EKCN HGTVKNKUGTU

AND COMMUNITIES ACTION

Note: ~50-65% of total methane emissions are anthropogenic, arising
from human activity. The remainder arise from nature.

AD Systems

Anaerobic Digestion (hereafter AD) is a series of biological processes in which micro-organisms digest organic
wastes in the absence of oxygen, in sealed containers. It is the same natural process that we humans and
mammals use to break down the food we eat in our stomachs. The process extracts the energy this organic
material contains in the form of biogas, which is a mixture of methane (approx. 60%), carbon dioxide (approx.
40%) and other trace gases. The organic material left over, known as digestate or biofertiliser, is rich in organic
matter and nutrients such as nitrogen, phosphate and potash. Returning all this organic material back to soil is
vital for our food security, and explains why AD is at the heart of the circular economy of organic wastes.

$' U[UVGOU CTG JKIIJN[ 3GZKDNG UECNCDNG CPF GZVTCEVARE&S ITGCVGUV X
operate at sizes from that of a test tube to tanks of many thousands of cubic metres. As such it is adaptable

and can just as well address 9 of the 17 Sustainable Development Goals?!in the remotest parts of the global

south to the organic wastes created by world cities such as New York.
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Scale Tank Size Gas Use
Micro 0.2m3-100m? <20m?: heating and cooking
>20m3: heating or Combined Heat and Power (CHP) 3-25kWe,
depending upon feedstock and loading rate.
0.2m? tank is practical enough to provide cooking gas for a small
household.
80-100m®* ECRCEKVKGU CTG WUWCNN[ OQTG GEQP(@OKE \%
tank. o
o
g
3
Small 100m?- ~1000m?® CHP~ 10kWe-200kWe, depending upon feedstock and loading rate. f
Gas heating possible, as well, particularly at lower end. N
>
®
s8]
Medium ~1,000m*+ CHP~100kWe — 1MWe. Or biomethane upgrading >2.5MW g
m
Large ~4000m 3+ Biomethane upgrading 2.5 MW + (+ CHP to power AD plant) g
0]

7JG KFGPVK2ECVKQP QH UECNG KU EQORNGVGN[ CTDKVTCT[ UKPEG VCPM
particularly feedstock and loading rate. However, the notes provide good guides.

There are many types of AD system, depending on the feedstock. They can be designed to treat wet or dry
wastes — known as wet-AD and dry-AD — or a mix of both. In countries where dry-AD is the norm the AD
process often includes a composting phase.

%GPG2VU QH $'

HOMES, TRANSPORT
& INDUSTRY

AGRICULTURAL
SYSTEMS

“Biogas from anaerobic digestion is
not merely a concept of production

of renewable energy; it cannot be
compared to a wind turbine or a
photovoltaic array. Nor can anaerobic
digestion be bracketed as just a means

of waste treatment or as a tool to reduce
B. RECYCLE

greenhouse gases in agriculture and in
energy. It cannot be pigeonholed as a
means of producing biofertilizer through
mineralisation of the nutrients in slurry
to optimise availability, or as a means of
protecting water quality in streams and
aquifers. It is all these and more.

The multifunctionality of this concept is
its clearest strength. Sustainable biogas
systems include processes for treatment
of waste, for protection of environment,
for conversion of low-value material to
higher-value material, for the production
of electricity, heat and of advanced
gaseous biofuel. Biogas and anaerobic
digestion systems are dispatchable

and as such can facilitate intermittent
renewable electricity” |EA?

https:/sdgs.un.org/goals
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2www.ieabioenergy.com/blog/publications/the-role-of-anaerobic-digestion-and-biogas-in-the-circular-economy/
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Overview

Time and carbon budgets are running out. We have 10 years left to prevent runaway global warming, say the

world’s leading scientists®* J)CKNWTG VQ CEV YKNN TGUWNV KP YQTUG FTQWIJVU 3QQF
for hundreds of millions of people, animals and wildlife. This will mean mass climate-related migrations and

brain drains, as energy, food and health insecurities erupt around the world, as the world is already starting

VQ UGG +QYGXGT C LWUV CPF CZQTFCDNG VTCPUKVKQP KU RQUUKDNG 7J¢
world’s leading economists Joseph Stiglitz and Lord Nicholas Stern. The ‘Build Back Better’ paper * the pair

released in 2020 was supported by treasury chiefs at over 250 national banks and government ministries.

The decade of decarbonisation

The Paris Agreement commits countries to achieve carbon neutrality by 2050, to achieve a balance after

2050 between atmospheric inputs of greenhouse gases by emission sources and removal into sinks (forests,

oceans, and soil, which could be combined with technologies to extract and sequester carbon dioxide from

power plants). This was signed by 197 countries in 2015, with the ambition to keep global warming below 2°C,

to avoid the worst but not all the negative impacts of climate change (hence countries are now being asked

VQ VCTIGV *& %WV OQUV EQWPVTKGU CTG YC[ QZ VCTIGMatGEE@EFKPI VQ
need to act harder and faster over this decade.

The two key drivers of global warming are widely accepted to be emissions of CO , (~80%) and methane

(~ ECWUGF D[ JWOCP CEVKXKV[ CNVJQWIJ 12Z CPF QVJGT UWEJ GOKUUKQ
$FFTGUUKPI OGVJCPG JOQNFU VJG MG[ VQ UWEEGUU 7JKU KU DGECWUG QH \
gases, during which they remain actively warming the planet. While methane typically stays in the

atmosphere for 35 years, its global warming potential is far greater than CO . As a consequence, one tonne of

methane released over the next decade is equivalent to releasing 83 tonnes of CO .. The International Energy

Agency, European Commission and US Environmental Protection Agency are among many concerned parties

calling for urgent action and for methane to be high on the agenda at COP 26 in Glasgow.

The scale of the problem

To tackle the challenge of methane emissions we need to capture and treat the 105 billion tonnes of organic
wastes directly or indirectly generated by human activity every year. By simply managing these important
DKQTGUQWTEGU OWeloan GuiZghBal BHGGEMissions by 10% by 2030

Anaerobic digestion (AD) is recognised by multiple agencies as the solution, including;
.UN - “it is a win-win-win-win-win technology, ready to go, ready to scale”
.IEA —“AD sits at the heart of the circular economy, you can’t close loops without it”
.EC Methane Strategy — “AD and biogas should be incentivised to address the methane crisis”

420 - r 40

400 i5
=3
=2 o
Z 3804 30 2
: 5
S 360+ 58
o 140 e g
b g
£ 320 - 15 @
£ S
=3 o
E 300 =10 %
L]

280 L

260 T T T T T T T

1750 1780 1810 1840 1870 1900 1930 1960 1990 2020
year

NOAA Climate.gov
Data: NOAA, ETHZ, Our World in Data

CO, in the atmosphere and annual emissions (1750-2019)
3www.ipcc.ch/srl5

4www.ox.ac.uk/news/2020-05-05-building-back-better-green-covid-19-recovery-packages-will-boost-economic-growth-and

Shttps:/climateactiontracker.org/countries/
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Recycling organic wastes through AD is a nature-based solution that is part of the natural carbon lifecycle.
Fossil fuels disturb the natural carbon lifecycle by putting carbon that nature has stored underground over
millennia back into the atmosphere. It is the burning of fossil fuels over the past 150 years that has increased
the amount of carbon in the atmosphere to its current level, which is causing Climate Change. All carbon
within organic materials above ground originates from the atmosphere; and so digesting organic wastes and
using all the outputs — biogas, bio-CO , and bio-fertiliser - simply completes the carbon cycle.

When organic wastes are recycled through an AD plant, carbon savings are delivered across multiple fronts:

(1)the harmful GHG emissions they would otherwise emit are prevented

(2) the energy they contain is extracted in the form of biogas, which is a mixture of biomethane and CO
displacing fossil sources of energy and associated CO ,

(3) the nutrients within organic wastes are recycled into an organic fertiliser (or ‘digestate’), replacing the
PGGF HQT CTVK2EKCN HGTVKNKUGTU YJKEJ CTG XGT[ GPGTI[ KPVGPUKXG

(4) the carbon in the digestate is returned to soll

(5) Unlike fossil fuels, which are extracted from the ground, the carbon in biogas originates from the
atmosphere and is contained within the organic wastes

(6) CO, can be captured and stored, making the process carbon negative and actively reversing carbon
emissions. Alternatively, CO, gas may be used within industry — e.g. food and drinks manufacture,
TG2NNKPI 2TG GZVKPIWKUJGTU GVE ¥ QT \andbbG&@haidk RNaG¥ HQTO EJGOKEC
compatible with a hydrogen future and the creation of bio-based fuels for aviation and shipping.

21

Natural carbon cycle Recycling organic wastes via
. Carbon accumulation Anaerobic Digestion (AD)
\ P4 .
-"‘ from fossil resources Atmospheric carbon

" (\ f)
Organic .
\ carbon x Biogas

081 ~—

vvvvv (i

The Pathways

7JKU TGRQTV KU PQV RTGUETKRVKXG ,V TG3GEVU VJG HCEV VJCV FKZGTGP)\
biogas journey. Denmark, for instance, is approaching 30% capacity while Bangladesh is just at the start of its
journey. To that end, it sets out:
(1)the policy mechanisms to create an enabling environment to capture organic wastes, prevent methane
emissions from them and turn them into valuable resources;
(2) opportunities arising from an emerging asset class and sustainable frameworks from institutional funds;
(3) and what the sector must do itself to enable the required growth.

8 BIOGAS: PATHWAYS TO 2030 WORLD BICGAS ASSOCIATION



Policy Mechanisms

The major barrier to growth of the AD industry is the fact that its many services are not recognised or

TGYCTFGF 2PCPEKCNN[ 7TGCVKPI QTICPKE YCUVGU VJTQWIJ $' VCEMNGU CK
Economic Co-operation and Development (OECD) estimates costs $2.6 trillion and results in 6-9 million

premature deaths worldwide each year, where children are one of the most vulnerable groups. It improves

water quality and associated clean-up costs. ® The biofertiliser produced from recycling nutrients improves

the carbon capture capability of soils and improves biodiversity by mitigating the use of mineral fertilisers

and pesticides. It creates skilled jobs and boosts rural economies. Yet AD is primarily viewed as a renewable

GPGTI[ IGPGTCVQT CV VJG GZRGPUG QH VIJGUG DGPG2EKCN JGCNVJ GPXKTC

$P KPVGTPCVKQPCN ECTDQP VCZ CPF VTCFKPI UEJGOG YQWNF DG VJG OQU\
VJG OCTMGYV CPF TG3GEV $'2U RQUKVKQP CV VJG JGCTV QH VJG EKTEWNCT C
deal of political will and global cooperation. It is therefore proposed as an end-goal, achievable towards

the end of the decade, to set the industry up for ongoing success and independent viability, beyond the

changeable whims of national governments.

We cannot wait until then to act. In the intervening years it is vital that countries commit to treating their
organic wastes through AD in their respective Nationally Determined Contributions (NDCs).

One million tonnes of... Biogas potential (GWh) Decarbonisation potential (tonnes CO _e)
Food waste 1,008 826,000
Sewage sludge 814 704,000
Livestock waste 412 161,000
Crop residues 2,378 450,000
Sequential crops 2,610 747,000

$ TCHV QH RQNKEKGU KU PGGFGF CETQUU VJG FKZGTGPV CURGEVU QH VJIG
organic material recycling policies, digestate policies, and biogas utilisation policies. An overarching
framework would look like this (page 8).

5www.oecd.org/env/air-pollution-to-cause-6-9-million-premature-deaths-and-cost-1-gdp-by-2060.htm
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Overarching Policy Timeline

&QOOKVOGPV VQ DKQICU KP 1'&U DCEMGF D] VCTKZ
%KQICU UIJQWNF DG KPEQTRQTCVGF KPVQ 1'&U CPF DCEMGF WR D
growth in the industry targetting the recovery of organic material and nutrients to return to soils; the
generation of biogas for energy and transport; and CCUS from biogenic wastes. At the early stages
QH DKQICU KPFWUVT[ FGXGNQROGPV VIGUG UWRRQTVY OGEJCPKU(
CO, CPF FKIGUVCVG UJQWNF VCMG VJG HQTO QH FKTGEV 2PCPEKC
infrastructure to support the industry growth, such as collection of organic wastes, accompanies the
FGXGNQROGPV QH VJG KPFWUVT[ VQ GPUWTG VJGTG KU UW.EKGP

(2) Transition to more market based policy support

As the industry grows and matures, policy can move away from direct subsidy to facilitate a market

HQT VIG GPXKTQPOGPVCN DGPG2V FGNKXGTGF D[ VJG DKQICU KPH
industries to become independent of direct subsidy. This should be accompanied by the balanced
TGOQXCN QH CNN FKTGEV UWRRQTV HQT VJG HQUUKN KPFWUVT[
UWDUKFKGU HQT DKQICU CTG TGOQXGF ,V YKNN CNUQ DG DGPG?2H
support for and backing of the biogas and organic waste recycling industry in a clear strategy to

RTQXKFG KPXGUVQT EQP2FGPEG CU FKTGEVY UWDUKFKGU CTG VCR

(3) Carbon pricing policies

,PVTQFWEVKQP QH PCVKQPCN TGIKQPCN CPF 2PCNN[ INQDCN ECT
OCTMGY HQT VIJG ENKOCVG DGPG2VU FGNKXGTGF D[ VJG DKQICU
UCXKPI FGNKXGTGF CPF GPCDNKPI DKQICU RTQLGEVU VQ UVCEM
UWRRQTV ,V KU XKVCN VJCV VIJG UEQRG CPF OGVJQFQNQI[ QH EC
cover the biogas industry, e.g. they must cover GHG emissions, methane capture and carbon

sequestration from agriculture and from organic wastes generated by human activity.

Europe
N Over 10,000 operational
biogas plants

Global north (average)
Centralised larger-scale biogas plants

Global south (average)
Decentralised micro-digesters

Decarbonisation potential

A
L4

Biogas industry maturity
Number of plants, investment potential, policy implementation

BIOGAS: PATHWAYS TO 2030 WORLD BIOGAS ASSOCIATION



6RGEK2E RQNKE[ TGEQOOGPFCVKQPU CETQUU UGEVQTU CTG CFFTGUUGF KP
is for all organic wastes to be subject to an agreed waste material hierarchy, such as that issued by the UN

JOQF CPF $ITKEWNVWTG 2TICPKUCVKQP QP HQQF YCUVG $NN QTICPKE YCUV
before recovery and disposal is considered.

Food and drink material hierarchy

Most preferable option

Prevention

.Waste of raw materials, ingredients and
product arising is reduced - measured in
overall reduction in waste.

. Redistribution to people.

Prevention

.Make animal feed from former food.
. Bio-material processing.

Waste sent to anaerobic digestion.

Waste composted.
Waste used for landspreading.

Recovery
.Incineration of waste with energy recovery.

Disposal

.Waste incinerated without energy recovery.

.:CUVG UGPV VQ NCPF2NN

.:CUVG KPITGFKGPV RTQFWEV | Pl VQ UGYG

w
\/

Least preferable option

The hierarchy has proved successful in driving up levels of food Estimated Global Methane
waste collection across the globe, with many existing examples Emissions from Human
to draw on, from South Korea to Wales. The EU 27 + UK are to Activities in 2030

mandate it be followed from 2023. Mismanaged food waste and
wastewater is responsible for ~16% of global man-made methane
emissions. Oil & Gas Operators (20.3%)*
Strategic frameworks to mitigate methane emissions, following

the example of the EU’s Methane Strategy, should include

treatment of farm wastes through AD to cut agricultural

emissions with robust domestic policies to support this. The
BiogasDoneRight (BDR) model, using sequential cropping

and digestate (biofertiliser) is becoming a globally recognised
blueprint for this, with $10m being invested in pilot studies in

VJG 86 7JG %'5 OQFGN TG:GEVU VJG §8 RG
increasing the carbon sequestration capability of soils by 0.4%

will enable nature to compensate for greenhouse gas emissions
caused by human activity. In certain countries such as France,
farmers are rewarded for treating their manures and slurries

through AD. Mismanaged manures and slurries and crop burning

are responsible for ~11% of global man-made methane emissions.

Municipal Solid Waste (9.7%)**

Wastewater (6.1%)**
Manure Management (3.8%)**

Coal Mining (10.4%)*

Other Sources (49.7%)

Enteric Fermentation (30.6%),
Rice Cultivation (7.0%),
Stationary & Mobile Sources
(4.4%), Industrial Sources (4.0%),
Biomass (2.2%), Others (1.5%)

*Mitigating potential from the
production of renewable gas
**Halted by the adoption of AD
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Renewable Finance

Finance is shifting in favour of sustainable solutions, both institutionally and within an emerging asset
management class associated with the transition to a green economy, in the form of renewable infrastructure
funds. Renewable infrastructure funds listed on London Stock Exchange are worth a combined £10bn and
have raised more than $6bn in further capital since their listing.

Companies are increasingly concerned about the sustainability of investments so have created a methodology

to measure the Environmental, Social and Governance performance of listed companies. In “Your Guide to ESG

reporting’ the London Stock Exchange states, “Once upon a time, environmental, social and governance (ESG)

factors were a niche interest among asset owners, asset managers, banks, brokers and investment consultants.

1Q NQPIGT ,PXGUVQTU PQY TQWVKPGN[ CPCN[UG KPHQTOCVKQP QP (6* RGTHC(
strategic information in order to gain a better understanding of companies’ future prospects.” 7

(ZCORNGU QH VJG )76( *TGGP 5GXGPWGU 'G2PKVKQPU )76( *T
&NCUUK2ECVKQP 6[UVG

Energy Generation Waste to Energy

Companies generating power through the use of domestic, agricultural and commercial refuse as fuel

for both thermal and non-thermal energy creation where the reduction of greenhouse gas emissions

KU C UKIPK2ECPV HWPEVKQP QH VJG RQYGT IGPGTCVKQP RTQEGUU GKVJG
point of generation.

Energy Equipment Bio Fuels

Companies providing goods, products and services including components, specialist materials,

bespoke manufacturing and maintenance processes, design and operational support capabilities that

enable the generation of power through the use of crops, plants and other organic materials as fuels

YJGTG VIG TGFWEVKQP QH ITGGPJQWUG ICU GOKUUKQPU KU C UKIPK2ECP
process either on a life-cycle analysis basis or at the point of generation.

Energy Equipment Waste to Energy

Companies providing goods, products and services including components, specialist materials,
bespoke manufacturing and maintenance processes, design and operational support capabilities that
enable the generation of power through the use of domestic, agricultural and commercial refuse as
fuel for both thermal and non-thermal energy creation.

This is evidenced by the shift in corporate funds, to address their emissions from production (Scope 1) and
down the supply chain (Scope 3). So we see the likes of Nestlé investing in AD at its production facilities but
CNUQ QZGTKPI 2PCPEG VQ KVU TCY OCVGTKCNU2 UWRRNKGTU VQ ITGGP V

Institutionally, the World Bank is proposing to restructure its lending policies. In its discussion document
©7TCPUHQTOCVKXG *NQDCN )KPCPEG?2 KV UC[U OQPG[ UJQWNF IQ VQ RTQLGE
kick start wider infrastructure development to support actions on climate change.

The UN has an Ethical Finance division, in support of delivering its Sustainable Development Goals (SDGs) which
are intended to be delivered by 2030. It also has a Sustainable Finance Initiative to deliver its climate goals.

Institutional funding can fast-track a country’s adoption of AD and biogas for a country starting from a low
base, such as Bangladesh. A city in the country could look to fund a massive infrastructure project to tackle its
HQQF YCUVG CPF YCUVGYCVGT DGPG2VVKPI JQWUGJIQNFGTU YKVJ TGPGYCD

fertiliser.

OGCPYJKNG VJG 8. JCU LWUV CPPQWPEGF RNCPU VQ NCWPEJ C *TGGP %QPI
TG3GEVKPI VJG HCEV VJCV OCLQT INQDCN KPUVKVWVKQPU KPFWUVT[ DQFK(
backed the development of this market.

“www.Iseg.com/esg

BIOGAS: PATHWAYS TO 2030 WORLD BICGAS ASSOCIATION



The EU is developing a taxonomy in support of its Green Deal, in which biogas generation from organic

YCUVGU KU TGEQIPKUGF 7JG VCZQPQO[ UGGMU VQ ETGCVG EQOOQP FG2PK\
its 27 member countries. It is being called on to prohibit funding for energy from waste projects in favour of

AD, as the former amounts to disposal of resources that could be recycled.

National Green Banks also have a role to play. A study by the Rocky Mountain Institute found that where
green banks exist they have a leverage ratio of 2.3, i.e. against $24.5bn of their own capital, $45.5bn private
capital was leveraged. @

To draw these streams of funding toward the development of AD and biogas requires action on behalf of the
industry.

What we must do to enable growth

7Q ECRKVCNKUG QP VJKU 2PCPEKCN TGXQNWVKQP VJG $' KPFWUVT[ PGGFU \
That means we must come together as a cohesive global biogas industry to develop and adhere to best-

in-class principles and norms associated with responsible investing (including good governance and supply

chain transparency).

We should also actively contribute to science-based thought leadership around carbon pricing, accounting
and reporting, and adopt methods that successfully monitor and verify the sustainability and environmental
safety of our processes (thereby providing comfort to the investor community). Within that framework the
industry will have to develop best available techniques and standards for operation, which will require the
FGXGNQROGPV QH EGTVK2ECVKQP CPF VTCKPKPI UEJGOGU

Developing such an audit for biogas would remove one of the greatest barriers we face and spur the
political will to create the enabling environment the sector needs.

The biogas industry has proved itself more than capable of delivering this. In 2019, the leaders of major

biogas corporations from around the world gathered in Paris to sign the World Biogas Association’s Biogas

CPF &NKOCVG &JCPIG &QOOKVOGPV '"GENCTCVKQP 7JG UKIPCVQTKGU RNGFI
technological resources behind enabling the rapid expansion of biogas in all parts of the globe to deliver the
FGECTDQPKUCVKQP CPF CUUQEKCVGF DGPG2VU CFFTGUUGF KP VJG TGRQTV

The declaration was warmly welcomed by the UNFCCC, which governs the Paris Agreement. At its full
potential, the AD industry can create over 10-15 million skilled jobs around the globe and address the
ambitions set out in the Paris Agreement and the UN SDGs as well as meet the desire to ‘build back better
environmentally and socially from the Covid-19 pandemic.

In nature, ecologists will tell you there is no such thing as waste. AD allows human activity to attune itself to
PCVWTG :G PGGF VQ SWCPVKH[ VIJGUG OWNVKRNG DGPG2VU

Conclusions

Whilst giving a recipe suitable for every country is near to impossible there are undoubtedly some common
elements that nations can adopt. Just helping them to understand the necessity of capturing all the organic
wastes their society produces and the value they can obtain by recycling them through AD will be a major
achievement.

This report seeks to ensure that no policy maker will be able to say, “I didn’t know”, as they consider how
VJG DKQICU KPFWUVT[ ECP DG CFQRVGF KPVQ VIJGKT QYP ENKOCVG EJCPIG
Determined Contributions to maintain climate warming well below 2°C.

As the volumes of organic wastes increase due to population growth, urbanisation, change of diets, they
produce ever greater amounts of harmful gases impacting our climate and air quality, above all through the
uncontrolled release of methane, black carbon (soot) and ammonia. This needs to stop and AD can deliver on
this now.

8 https:/rmi.org/insight/state-of-green-banks-2020/
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If harvested, these organic wastes will provide sources of renewable energy, green CO , natural fertilisers

and other valuable bioproducts thereby playing a multifaceted role that other renewable energies cannot.

0QTGQRXGT VJIJG RTQFWEVKQP QH DKQICU KU EQPVKPWQWU DCUGNQCF CPF
solar and hydro sources, making biogas a perfect integrator to these. Biogas can produce heat, electricity

CPF HWGN CNN QZ ITKF CPF FGRGPFKPI WRQP VJG IGQITCRJ[ QH KPUVCNNC)\
DGPG2EKCN

Investment in AD also has long-term security. Biogas is compatible with a hydrogen future. Low carbon
biomethane can be converted into green hydrogen, or hydrogen can be converted to biomethane when
mixed with biogas’ CO ,. In this way biogas is future-proofed, adapting to the energy needs of the future.

The beauty of AD is its versatility. It can be installed on a micro level to recycle a household’s waste, and for
cities large scale merchant facilities can recycle 500,000 million tonnes annually. It can handle wet or dry
wastes, or a mix of both, and can be used in conjunction with composting depending on the soil requirements
in a given geographical area. It extracts the greatest value out of organic wastes and turns them into

valuable renewable resources.

Each Government when reviewing its NDC under the Paris Climate Treaty should include the collection and

recycling of organic wastes among its target instruments. The collection of urban food wastes, the reduction

of uncontrolled burning of stubbles and harvesting of animal manures are all part of the policy landscapes

which bring us greater sustainability and better-quality air, water and soil outcomes. Governments should

therefore not simply measure biogas in terms of the cost of the kilowatt hour or megajoule of heat, but in

VIJG QXGTCNN DGPG2EKCN QWVEQOGU DKQICU RTQFWEGU VJTQWIJ VJG YJQN
YKFGT DGPG2VU VQ JWOCPKV]

$DQXG CNN VJKU KU C VGEJPQNQI[ VIJCV GZKUVU VQFC[ &CP YG CZQTF PQV
emissions by 10% by 2030, and at the same time improve our energy and food security and create millions of
new green jobs worldwide?

Decarbonisation and defossilation

Throughout this Executive Summary, the term ‘decarbonisation’ is used to convey the act of cutting net

GHG emissions. It conveys AD’s ability to recycle carbon from atmosphere, while reducing the need to

use non-renewable fossil resources. ‘Decarbonisation’ therefore encompasses the term ‘defossilisation,

YJKEJ TGNCVGU OQTG URGEK2ECNN[ VQ EWVVKPI VIJG WUG QH HQUUKN TG
in fossil coal, oil and gas from entering the atmosphere.
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Glossary

Anaerobic Digestion (AD) Direct Air Capture (DAC)
Also known as biomethanisation A process of capturing CO, directly from the
The breakdown of organic matter in the absence ambient air (as opposed to capturing from point
of oxygen to produce biogas and digestate. sources) and generating a concentrated stream
Business as usual (BAU) of CO, for sequestration or utilisation.
This term is used to describe the future trajectory Global North
of emissions based on present-day systems. The global north consists of the richest and most
It assumes that new policies, regulations, or industrialised countries — for the most part, they
initiatives are not introduced to tackle and curb are in the northern part of the world.
greenhouse gas emissions. Global South
Bio-CO, The global south consists of the poorer and least
Carbon dioxide produced in anaerobic digestion, industrialised countries — for the most part, they
which makes up a component part of biogas are in the south part of the world.
(25-50%), and can be separated out in the biogas Greenhouse Gases (GHG)
upgrading process for use in industrial processes. Gases - such as carbon dioxide (CO,), methane
Bio-CNG (CH,) and nitrous oxide (N,O) - whose emission
Compressed natural gas made from biomethane, into the atmosphere drives climate change. For
often used as a transport fuel. the purposes of this report, GHG relates only to
Bioenergy Crops gas emissions caused by human activity.
Crops primarily grown to generate renewable Incineration
GPGTI[ VJCV ECP CFFKVKQPCNN][ DAP BdWndEKNg\WIGIE Wask (EfW)
and structure. Waste is combusted to recover some energy from
Biogas OCVGTKCNU :JKNG RTGHGTCDNG VQ N
A product of the anaerobic digestion process, prevents recycling of materials and emits high
composed of a mix of methane (50-75%), carbon levels of GHGs.
dioxide (25-50%) and small amounts of other Just Transition
gases. A green energy transition that proactively
Bio-LNG manages the inevitable shift to sustainable
/IKSWG2GF PCVWTCN ICU OCFG HTQ &ystergynigaspects got just the environmental
often used as a transport fuel. urgency but also equality, social justice and
: . democratic voice.
Biofertiliser
See Digestate /ICPF2NN
Bi Waste is buried within large pits in the ground.
iomethane

Materials are not recycled and organics rot,

GOKVVKPI OGVJCPG ICU J/CPF2NN KU V.
preferable waste management pathway for all

wastes.

Also known as Renewable Natural Gas (RNG)
Methane produced in anaerobic digestion, which
makes up a component of biogas (50-75%).
Upgrading biogas separates the biomethane o
from the bio-CO , and other gases such that it can Lignin

be injected directly into the gas grid or converted Organic compound found in woody plant
into bio-CNG or bio-LNG for use as a transport material. This tough material is not well-suited to
fuel. digestion using wet AD technology.

Circular economy Nationally Determined Contribution (NDC)
A circular economy is based on the principles Signatories of the Paris Agreement are required
of recycling our waste, keeping products and VQ UWDOKV CP 1'& QPEG GXGT[ 2XG [GC
materials in use and regenerating natural how they are reducing their GHG emissions to
systems. It minimises the need to extract raw help limit global warming to less than 2°C — but
materials and minimises waste, i.e., material that preferably less than 1.5°C.
is never used again. Renewable Natural Gas (RNG)

Digestate See Biomethane

Also known as biofertiliser

The residual organic matter produced in the
anaerobic digestion process, which is rich in
nutrients and can be used as a natural fertiliser.
Digestate comprises both a solid and liquid
fraction, each containing various concentrations
of nutrients.
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Chapter 1: Introduction and Background

7JGTG KU PQ VKOG VQ YCUVG KP VJG 21JV CICKPUVY ENKOCVG EJCPIG $NN E
gas (GHG) emissions immediately, covering all sectors and drawing on all technologies and knowledge. Often
overlooked, organic waste represents a key sector in urgent need of decarbonisation.

Humans directly or indirectly generate over 105 billion tonnes of organic wastes globally each year, all

of which release harmful methane and other greenhouse gas emissions directly into the atmosphere as

they decompose. These organic wastes include food waste, sewage and garden wastes, food and drink

processing wastes, and farm and agricultural wastes. Today only 2% are treated and recycled. By simply

OCPCIKPI VIGUG KORQTVCPV DKQTGUQWTEGU OQTG GZGEVKXGN[ YG ECP EV

This report maps out how the global biogas industry can enable countries to deliver a 10% reduction in global
GHG emissions by 2030. The pathways put humanity back on track to deliver by 2030 on the ambitions of
both the Paris agreement and UN Sustainable Development Goals.

This reports aims to provide policymakers worldwide with a toolkit of policies. It details all the environmental

CPF UQEKQ GEQPQOKE DGPG2VU CXCKNCDNG VITQWIJ VIJG TGE[ENKPI QH QT
how policy can encourage the uptake of AD to tackle key issues. Considering every country will be at a

FKZGTGPV UVCIG QH FGXGNQROGPV VJG HQNNQYKPI ITCRJ FKURNC[U QWT (
order of implementation, thus forming a pathway. See Overarching Policy Timeline, p17.

6WDUGSWGPV EJCRVGTU FGVCKN TGEQOOGPFCVKQPU URGEK?2E VQ MG[ CUR(
and national climate policy (chapter 3), Feedstock management policy (chapter 4), Digestate policy (chapter
5), and Biogas utilisation policy (chapter 6).

1.1 Introduction

While the industrial revolution brought countries and their economies closer than ever before, it also
established a deep-rooted dependence on fossil resources worldwide. For more than 100 years these
energy dense fossil resources enabled whole regions to be powered from a single power plant, people to

be transported around the world in a matter of hours and the creation of highly versatile products such as
plastics cheaply at scale. There was no stopping the fossil industry: any country’s wealth and success would
be transformed overnight by the discovery of black gold.

7QFC[ VJG INQDCN GEQPQO[ TGOCKPU FQOKPCVGF D[ VIGUG WPUWUVCKPCL
that now, in the 21st Century, we are witnessing the catastrophic impacts of the unrestricted use of these

HQUUKN TGUQWTEGU ¥ UGXGTG FTQWIJVU 32QQFU CPF JWTTKECPGU CTG QE|
everywhere are contaminated with plastics from the highest mountain tops to the bottom of the ocean, and

biodiversity is being lost across the world at an alarming rate. The current rate of environmental change is

driving a mass extinction event, at a scale not seen since a meteor wiped out the dinosaurs some 66 million

years ago. The world and its people are on a fatal trajectory and if they want to survive must make every

GZQTV VQ UJCMG VJIGKT CFFKE V K-@6%\6(QYldha éhergystilTdeiyiQgvirantEf@ssll fueks Miis

proportion is unlikely to change unless disruptive policies are enacted swiftly %1

The answer is simple and well understood — we must leave all remaining fossil resources in the ground. There

is already more than enough carbon in our soils, plants, animals and atmosphere for society to continue

to thrive, and technologies which can provide us with sustainable alternatives to fossil fuels and products.

This concept is commonly referred to as * defossilisation ’, cutting the extraction and use of fossil resources.

Immediate and widespread defossilisation can help mitigate the worst impacts of climate change and

embed the principles of a circular economy throughout global systems, whereby carbon is recycled in various

forms to meet our various needs. Energy can be generated from multiple non-fossil dependent technologies

CPF RTQFWEVU CPF EJGOKECNU ECP DG RTQFWEGF HTQO QTICPKE UQWTEG!

Swww.iea.org/data-and-statistics?country=WORLD&fuel=Energy%20supply&indicator=TPESbySource
www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report GET_2018.pdf
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%GPG2VU FGNKXGTGF

Overarching Policy Timeline

&QOOKVOGPV VQ DKQICU KP 1'&U DCEMGF D] VCTKZ
%KQICU UJQWNF DG KPEQTRQTCVGF KPVQ 1'&U CPF DCEMGF WR DJ[
growth in the industry, targeting the: recovery of organic material and nutrients to return to soils;
IGPGTCVKQP QH DKQICU HQT GPGTI[ CPF VTCPURQTV CPF &&6 &&8
UVCIGU QH DKQICU KPFWUVT[ FGXGNQROGPVY VIGUG UWRRQTV OGH
bio-CO, CPF FKIGUVCVG UJQWNF VCMG VJG HQTO QH FKTGEV 2PCPEK(
infrastructure to support the industry growth, such as collection of organic wastes, accompanies the
FGXGNQROGPV QH VIJG KPFWUVT[ VQ GPUWTG VJGTG KU UW.EKGPV

(2) Transition to more market-based policy support

As the industry grows and matures, policy can move away from direct subsidy to facilitate a market for

VJG GPXKTQPOGPVCN DGPG2VU FGNKXGTGF D[ VJG DKQICU KPFWU
to become independent of direct subsidy. This should be accompanied by the balanced removal of all

FKTGEV UWRRQTV HQT VJG HQUUKN KPFWUVT[ GPUWTKPI VIGTG

CTG TGOQXGF ,V YKNN CNUQ DG DGPG2EKCN HQT IQXGTPOGPVU V
QH VJG DKQICU CPF QTICPKE YCUVG TGE[ENKPI KPFWUVT[ KP C E
direct subsidies are tapered away.

(3) Carbon pricing policies

,PVTQFWEVKQP QH PCVKQPCN TGIKQPCN CPF 2PCNN[ INQDCN ECT
OCTMGY HQT VIJG ENKOCVG DGPG2VU FGNKXGTGF D[ VJG DKQICU
UCXKPIU FGNKXGTGF CPF GPCDNKPI DKQICU RTQLGEVU VQ UVCEM
UWRRQTV ,V KU XKVCN VJCV VIJG UEQRG CPF OGVJQFQNQI[ QH EC
cover the biogas industry, e.g. they must cover GHG emissions, methane capture and carbon

sequestration from agriculture and from organic wastes generated by human activity.

>

Global north
Centralised larger-scale biogas plants

Global south
Decentralised micro-digesters

Biogas industry maturity
Number of plants, investment potential, policy implementation
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Carbon emissions responsible for 91% of global warming

CO, — Carbon dioxide Relative contribution to emissions = 75%
CH4 — Methane Relative contribution to emissions = 16%

Methane emissions are 85 times worse than CO, over a 20-year period

Decarbonisation

This term encompasses reductions to both CO, (carbon dioxide) and CH, (methane) emissions.

As carbon dioxide is less harmful than methane, decarbonisation may also relate to the conversion of
methane to less harmful gases.

While preventing the movement of fossil carbon from the earth’s crust to the atmosphere is vital, we must

also consider where carbon is within the ecosystem and what form it is in — is carbon locked-up in a tree’s

biomass? Or is it in the atmosphere in the form of carbon dioxide gas? Defossilisation pairs well with

‘decarbonisation @ YKVJ VJG NCVVGT TGNCVKPI OQTG URGEK2ECNN[ VQ VIG COQWI
its relative impact on climate change. Rotting waste emits methane — a potent GHG with a global warming

potential 28-36 times greater than carbon dioxide (CO ) over a 100-year period *! Preventing the emission of

OGVJCPG CPF QT EQPXGTVKPI KV KPVQ N,Gbuldl cbasTitQreidachrbbGishtob. FiKWEJ CU &2
stop adding more fossil-carbon to the planet’s carbon budget (defossilisation), and second, manage carbon

within our ecosystems to minimise its global warming potential (decarbonisation).

3NCPVU CPF VTGGU ECP GZVTCEVY ECTDQP HTQO VJG CVOQURJIGTG YJKNG U\
UVCDKNKUKPI UQKN CICKPUV FGUGTVK2ECVKQP CPF ENGCPKPI VJIG CKT 6Qk
growing medium required for crops and whole ecosystems. Technologies, such as anaerobic digestion (AD),

can prevent methane from being released into the atmosphere from poorly managed organic wastes, such

as livestock manures and slurries, human sewage and food waste. AD captures this methane in the form of

biogas which, when used as fuel, releases CO, - a less potent GHG.

,P HCEV YJGP HQEWUKPI KP QP VJG 2TUV [GCTU QH DGKPI GOKVVGF CVO(
harmful than carbon dioxide. ltis, therefore, critical to address methane emissions immediately.

Note, throughout this report the term * decarbonisation ' is used to convey the act of cutting net GHG emissions,
and therefore encompasses defossilisation WPNGUU URGEK2GF QVJGTYKUG

Natural carbon cycle Recycling organic wastes via

. Carbon accumulation Anaerobic Digestion (AD)
L Y (4

-"‘ from fossil resources Atmospheric carbon

“ (N N e ()

ogas
R_/ ﬁ.

H

Wl

Similarly to natural systems, anaerobic digestion (AD) recycles carbon. Carbon is the building block to all living organisms.
Originally sourced from the atmosphere, carbon is passed through food chains, from plants to animals. By treating organic
wastes through AD, we gain valuable products before returning atmospheric carbon back to the environment. The extraction
and use of fossil fuels transfers carbon from deep within the earth’s crust to our atmosphere, where it accumulates; this one-way
movement of carbon is predominantly responsible for climate change.

www.epa.gov/climate-indicators/climate-change-indicators-global-greenhouse-gas-emissions
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1.2 Carbon budget

$U YG YKVPGUU VIG KPVGPUK2ECVKQP QH ENKOCVG EJCPIG2U KORCEVU VJC
becomes ever more apparent. The international climate treaty agreed in Paris in 2015 and since entered into

HQTEG PQY GPEQWTCIGU PCVKQPU VQ VCMG UW*EKGPV CEVKQP VQ RTGXGP
less than 1.5°C, by 2100. The International Renewable Energy Agency (IRENA) calculatésthat the planet will

exceed its carbon budget in 2037 relative to the target to keep global warming within 2°C by 2100 if countries

continue business-as-usual (BAU). The Paris Agreement target becomes harder to achieve as each day

passes. Urgent action is needed across all sectors.

Cumulative energy-related carbon emissions (Gt CO2)

1500
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Cumuldive by 2060:
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Taken from IRENA report, Global Energy Transformation: A Roadmap to 2050 **

Policy makers from every country must address the same question: how can we break free from our
dependence on fossil resources? Uprooting centuries old systems and changing the behaviour of our
citizens — encouraged over decades by clever marketing to buy and travel more — is daunting. Many may

feel overwhelmed by the scale of the challenge. Moreover, achieving this transition in a just way requires
substantial backing at all scales, from countries to individuals, and from radical action to smaller incremental
changes. It requires the rapid adoption of new technologies, new systems and new skills, and a degree of
certainty to gain consensus. Yet society is on course to exceed the 2°C carbon budget in a little over 15 years
— heralding in a new world of economic, environmental, health, political and social instability — making the
need to act now critically urgent.

As a global society, there is no alternative. We must decarbonise and defossilise our system, such that

atmospheric carbon stops increasing. We must also halt biodiversity loss. The cost of inaction is of a

magnitude far greater than the cost of an immediate, proactive transition. The good news is that a just,

ITGGP VTICPUKVKQP QZGTU UWRGTD QRRQTVWPKVKGU CPF C TCHV QH RQUK
and energy security, innovation and new technologies, biodiversity restoration, and far greater resilience to

unforeseen phenomena such as Covid-19. A country’s economy will no longer depend on the presence of

fossil resources within its territory. Those countries who start now will be the leaders of tomorrow.

2JVVRU WPHEEE KPV 2NGU GUUGPVKCNADCEMITQWPF EQPXGPVKQP CRRNKECVKQP RFH GPINKUJARCTKUACIT
Bhttps:/irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report GET_2018.pdf
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Itisn't easy. Policy makers face multiple challenges to creating a sustainable economy, such as: the reduction

QH GEQPQOKE CEVKXKV[ ECWUGF D[ VJG &QXKF GRKFGOKE CPF VJG EQPU!
budgets!4 increased inequality and the need to ensure poorer communities have access to energy 5

declining or historically low fossil fuel prices, which make transitioning away from them relatively more

expensive'® new and abundant sources of (above all) natural gas in most regions % centralised energy

production and distribution systems dependent on vast and ageing grids % dominant positions in many

economies of fossil fuel producers facing the risk of stranded assets !¢ subsidy systems still heavily favourable

to the production and consumption of fossil fuels, in the order of 2 to 3 times the subsidies invested in

renewable energy sources. 2

1.3 The role of organic waste management and AD

As highlighted earlier, if unmanaged, all organic wastes produce harmful methane emissions as they

decompose. However, if collected and recycled through anaerobic digestion (AD), these emissions are

prevented and the wastes turned into valuable green resources, such as biogas, biomethane, bio-CO ,

natural fertilisers and other valuable bio-products. AD is simply the natural process that takes place when

biodegradable materials break down in the absence of oxygen. It is the same process that cows — and we

JWOCPU ¥ WUG VQ DTGCM FQYP QWT HQQF ,v JCU DGGP WUGF HQT OKNNGP
used to heat baths in Assyria nearly 3,000 years ago.

Described by the UNFCCC as a “win-win-win-win-win industry”, AD is a ready to use technology capable of

delivering both defossilisation AND decarbonisation. Most importantly, because it is a technology which is

already widely used today, it is capable of delivering its full potential — a reduction in global GHG emissions

QH CV NGCUV DI 7JG KPFWUVT[ YQWNF CNUQ ETGCVG OKNNKQP
sectors such as heat, transport and agriculture, and improve every country’s energy and food security.
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Swww.worldbank.org/en/topic/poverty/brief/projected-poverty-impacts-of-COVID-19

Bwww.eia.gov/outlooks/steo/pdf/steo_text.pdf

"www.naturalgasintel.com/coronavirus-wreaks-havoc-on-markets-enverus-more-optimistic-on-oil-demand/
Bwww.epa.govienergy/centralized-generation-electricity-and-its-impacts-environment

Bwww.iea.org/reports/the-oil-and-gas-industry-in-energy-transitions

2 https:lenergypost.eu/400bn-in-global-fossil-fuel-consumption-subsidies-twice-that-for-renewables/
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The following explains how the process delivers both defossilisation and decarbonisation:

Anaerobic Digestion’s (AD) ability to deliver...

Defossilisation Decarbonisation

— AD generates biogas, a gaseous mix of — Organic wastes rot and
biomethane and bio-CO . This renewable fuel release potent GHGs, such as methane, directly
displaces the need to extract fossil resources into the atmosphere. By capturing these wastes
for energy. Biogas is composed of 55-65% and treating them through AD instead, these
biomethane, chemically identical to fossil natural otherwise harmful GHGs are converted into
gas, and can therefore be used to heat homes valuable bioresources. When biomethane is
via a national gas grid, to fuel gas vehicles, or combusted, bio-CO , is released, a far less potent
generate electricity and heat via a combined heat gas than methane.

and power (CHP) unit.
— If organic wastes are not separated

— AD produces digestate, a renewable out from other municipal wastes, this valuable
fertiliser rich in key nutrients, nitrogen, DKQTGUQWTEG KU QHVGP UGPV VQ NCPF
phosphorus, and potassium (NPK), recovered is emitted to the atmosphere and toxic chemical
from the nutrients in the input organic material. leachate seeps into nearby waterways.

Digestate reduces the need to manufacture

non-renewable mineral fertilisers. Much of the — Raw sewage emits GHGs, pollutes

YQTNFaU CTVK?2EKCN PKVTQIGP HG EMRyNtieEns@nd spieats Tiddaye.FAG Ean prevent

through the Haber-Bosch cycle, a process which all these unnecessary impacts, while supporting

takes fossil gas and vast amounts energy (and local communities’ health and economy.

associated CO, GOKUUKQPU VQ 2Z PKVTQIGP KP VIJG

form of ammonia. — Farms worldwide
often spread raw manure directly to land

— Several industrial processes require untreated. This practice emits vast quantities of
pure carbon dioxide, for example food and drinks methane (CH,) and nitrous oxide (N,O) — gases
manufacturing. Much of the industrial-grade with respectively a global warming potential of
CO, KU UQWTEGF HTQO VJG OCPWH Wits 86 a@ ZI8itirGes Witsdthad RO, over a
fertilisers via the typically fossil-dependent 100-year-period. AD cuts these direct emissions
Haber-Bosch cycle. Biogas is composed of 35- while returning the nutrients and valuable organic
45% carbon dioxide, which can be easily captured matter found in manure back to land.

to supply industries with bio-CO ..
— Typically, these agricultural wastes
¥ 5G2PKPI DKQICU ECP ET e ¥i@er left to rot (releasing CO , and methane)

syngas, a gaseous mix consisting primarily of or burnt, releasing harmful particulate matter
hydrogen and carbon monoxide. Predominantly into the atmosphere. Again, AD can avoid these
formed using fossil fuels, syngas is a key emissions while delivering ecosystem services.
component of countless petrochemical products,

from specialist fuels to plastics and lubricants. By — All organic materials are made
displacing natural gas, biogas can sustainably from carbon drawn from the atmosphere. AD
provide the compounds required to create these plants consequently concentrate carbon in one
important products. place, where carbon dioxide concentrations may

be 1,000-times greater in an AD tank compared

to the open air. In the near future, technologies

could permanently store this captured carbon,

preventing its contribution to GHG emissions.

7JKU KU C OWEJ OQTG GPGTI[ CPF EQUV
approach than Direct Air Capture (DAC) which

requires larger scale infrastructure to concentrate

CO,.
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Carbon neutral or carbon negative

In its truest sense, AD is a carbon neutral technology. All the carbon contained in organic materials is derived
from the atmosphere and returned to the environment via AD’s various products, such as biogas and
biofertiliser. However, carbon accounting schemes are increasingly recognising AD’s ability to deliver negative
carbon emissions, in the right circumstances (e.g., EU’'s Renewable Energy Directive Il or “REDII"). There are
two main mechanisms in which AD can be considered carbon negative:

1) When you compare the life cycle emissions from AD with other pathways for organic wastes (e.g.,
N C P F AN detailed above, when rotting wastes are recycled through AD, methane emissions from them
CTG OKPKOKUGF VJG WUG QH HQUUKN HWGNU KU FKURNCEGF CPF VJG P
biogas’ CO, can be used within industrial processes or permanently stored via carbon capture, utilisation,
and storage (CCUS) technology. When all these emission savings are accounted for, AD becomes carbon
negative versus business-as-usual (BAU).

2) When carbon concentrated within an AD tank is permanently stored, via carbon capture and storage
(CCS) technology. Atmospheric CO, assimilated into organic materials can be permanently captured,
such that it no longer contributes to returns to the atmosphere as a greenhouse gas. It subtracts carbon
HTQO C EQWPVT[23U ECTDQP DWFIGV %[ CNN FG2PKVKQPU VJKU RTQEGUU
global GHG emissions.

Capturing carbon

Carbon capture and storage (CCS) technology will likely play a critical role in meeting long term carbon
budgets as reducing emissions may not be enough to prevent the worst impacts of climate change. Instead,
CCS may be required to lock carbon away in long-term stores; much like fossil resources were over the last
several million years. This technology therefore does not pertain to the utilisation of carbon with industrial
processes, such as the manufacture of food and drink.

AD plants can become a carbon hub . Organic wastes contain carbon taken from the atmosphere. This
carbon-rich material is fed into a digester and CO , is captured. CCS technology can subsequently lock this
carbon away — preventing the carbon from re-entering the atmosphere and driving climate change. This
combination of energy generation and carbon capture is often referred to as BECCS- i.e., Bioenergy with
Carbon Capture and Storage.

CCUS vs CCS

Carbon Capture, Utilisation and Storage (CCUS) encompasses all technologies which manage

captured carbon, where that carbon is used within industrial processes or permanently stored;  Carbon

Capture and Storage (CCS)refers only to the latter. Utilisation technologies can help displace the use

of fossil-derived carbon, forexample CO , ICU RTQFWEGF HTQO VJG OCPWHCEVWTG QH CT
Storage technologies aim to lock carbon away from the atmosphere for at least one hundred years.

Both CCUS and CCS must play a key role in decarbonising economies worldwide.
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Long-term storage:
Integrating digestate use with sustainable

agricultural practices can increase carbon
sequestration in all soils

Permanent storage:
Convert CO, from gas to
solid (e.g. via mineralisation)
and store within a long-term
carbon sink

For example:

. By digesting 1,000,000 tonnes of food waste, the biogas produced would be composed of:
o 115 million n? of biomethane — the energy equivalent of 650,000 barrels of oil
e 76 million m® of carbon dioxide — with CCS technology, up to 140,000 tonnes of carbon dioxide
could be sequestered

.CCS technology could additionally capture carbon when the biomethane is combusted, particularly if
used to generate electricity.

.And AD’s digestate returns organic carbon to soil, supporting short- and long-term carbon storage
while restoring soil structure.
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Pathway to 2030

7JG FGXGNQROGPV QH DKQICU KU CV C FKZGTGPV UVCIG YKVJKP GXGT[ EQW
D[ C EQWPVT[2U URGPFKPI QP UQEKCN CPF GPXKTQPOGPVCN KUUWGU FGXG
collection of organic wastes — to name a few. The World Biogas Association (WBA)’s modelling prioritises

YCUVG RTGXGPVKQP KP VJG 2TUV KPUVCPEG YJGTG $' KU WUGF VQ VTGCV C
see the previous WBA report Global Potential of Biogas . (see page 31)

Global north

Countries in the global north

are well-placed to implement

the policy recommendations Global south
detailed in this report. With no Implementing our policy recommendations within

time to waste, the roll out of countries of the global south will take longer,

these policies could enable 80% possibly requiring international support, innovative

of the biogas potential to be solutions, and investment. For example, regions may

delivered by 2025. PGGF VQ 2TUV FGXGNQR YCUVG EQNNGEVK
a four-year lag behind the global north’s policy

implementation, around 80% of the biogas potential

could be delivered between 2024 and 2030.
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Hydrogen

For decades now, oil and gas industries have promised that hydrogen systems will be ready ‘within the

next ten years’, and when ready, they can solve the world’s low carbon gas demand. In theory, it’s the silver

bullet capable of balancing the carbon budget; when combusted for energy, it simply produces water and

oxygen. However, the technology is still not ready. It remains severely hampered by technological barriers:

ITGGP J[FTQIGP KU FK*EWNV VQ RTQFWEG CV UECNG DNWG J[FTQIGP TGSWI
demonstrated at scale; hydrogen gas is costly to compress, distribute and store; and much of the world’s

natural gas infrastructure is not compatible with hydrogen gas (pipelines, vehicles and boilers etc).

We do not have time to wait until hydrogen is ready. Biomethane is a ready to use technology capable of

delivering decarbonisation and defossilisation immediately. Moreover, AD and biomethane systems are

JKIJN[ EQORCVKDNG YKVJ J[FTQIGP UWEJ VJCV YJGP J[FTQIGP U[UVGOU CT(
meet a society’s energy needs, while still treating its organic wastes. The following highlights the interplay

between biomethane and hydrogen.
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7JG FKZGTGPV EQNQWTU QH J[FTQIGP

Green hydrogen

Hydrogen gas produced using renewable energy technologies. Renewable electricity can be used to
split water (H ,0) into hydrogen (H ) and oxygen (O,), in a process known as electrolysis, or sustainable
biomethane (CH,) can be splitinto hydrogen (H ,) and carbon dioxide (CO ,), via steam reformation.

Blue hydrogen

Hydrogen gas produced from fossil natural gas via steam reformation (see above). Blue hydrogen may
only be considered sustainable if integrated with carbon capture systems to prevent the emissions of
GHGs.

Grey hydrogen
Produced in the same way as blue hydrogen except the carbon is not captured. Grey hydrogen is
non-renewable and emits more carbon than simply using the natural gas.

Hydrogen to biomethane

When hydrogen gas is added to a digestion tank it binds with the bio-CO , to form more biomethane, in a
RTQEGUU MPQYP CU ©DKQOGVJCPCVKQP2 7JKU RTQEGUU ECP GZGEVKXGN][
ETGCVKPI C ECTDQP PGICVKXG HWGN 7JKU RTQEGUU QZGTU C EQWPVT[ UG

.Balancing the energy network. As countries ramp up their renewable electricity capacities with intermittent
generators, solar and wind, there will increasingly be periods of time in which electricity generation exceeds
demand. As experienced during the summer periods in UK and Germany in the last couple of years, these
conditions create negative energy prices — i.e., generators must pay to export their energy. Just a few
FC[U QH PGICVKXG GPGTI[ RTKEGU ECP EQUYV VJG U[UVGO QRGTCVQT UKIPK
electricity. Instead, this excess electricity could be used to create green hydrogen, via electrolysis, and stored
in the gas grid as biomethane, via biomethanation; here it is ready to use when and where required.

.Using current infrastructure. Gas pipes, boilers, industries and vehicles will only change when people are
EQP2FGPV QH J[FTQIGP CXCKNCDKNKV[ 7JGTGHQTG CU VJG J[FTQIGP UGEV
optimal route for hydrogen, converting it to biomethane compatible with all current systems.

Biomethane to Hydrogen

&WTTGPVN[ VJIG OQUV EQUV G*EKGPV YC[ VQ ETGCVG J[FTQIGP ICU KU VJTQ
However, without CCS, this process releases CQ, into the atmosphere and is no greener than simply burning

the natural gas. Biomethane could therefore provide a source of low carbon methane to produce green

hydrogen. Once CCS technologies are technologically and commercially viable, their additional integration

within these systems would create carbon-negative green hydrogen — where carbon derived from the

atmosphere is locked away permanently.

AD is a no-regrets option. Treat the organic wastes and create valuable bio-resources capable of adapting
to meet a country’s or community’s needs.
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1.4 Data collection

To help gather insight into global biogas markets, the WBA's Policy, Innovation and Technical Committee

(PITC) launched an online survey, with questions attempting to better understand the value placed on

AD’s services and key barriers inhibiting industry growth in each country. The survey was completed by 83
TGURQPFGPVU HTQO FKZGTGPV EQWPVTKGU CETQUU UKZ EQPVKPGPVU U

Together these countries account for 45% of global emissions 2 If these regions were to develop a
EQORTGIJGPUKXG DKQICU KPFWUVT[ FKIGUVKPI CNN TGCFKN[ CXCKNCDNG Y

reduced.

ﬁ
a;.ba
L ¢

WBA survey responses
Number of completed survey from each country displayed

$EEQTFKPI VQ VIJG UWTXG[ VJG VQR VYQ TGCUQPU HQT DKQICU RNCPVU HCK
unfavourable policies. The latter is in joint second place with the reason why established biogas plants fail

prematurely. Around the globe biogas market experts cite policy as the most important factor that needs to

improve to allow the biogas industry to thrive.

The following map (p27) highlights the countries in which biogas could deliver the greatest contribution to
carbon reductions. Each country’s approximate biogas potential (estimated per capita) is multiplied by the
country’s contribution to global emissions — thus creating an impact index. Note, countries within the EU are
grouped together in line with the Paris Agreement’s Nationally Determined Contribution (NDCs) — see Chapter
3 for more details.

2www.carbonbrief.org/paris-2015-tracking-country-climate-pledges
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NDCs

GHG EMISSIONS X BIOGAS POTENTIAL
Less More
-—— —

Top 10 priority countries for biogas:

: Share of global Approx. biogas Impact
ST Country GHG emissions potential (TWh) index+
1 China 24% 1,156 274
2 India 6% 1,108 63
3 USA 12% 266 32
4 EU* 9% 358 32
5 Brazil 6% 171 10
6 Russia 5% 117 6
7 Indonesia 1% 220 3
8 Japan 3% 102 3
9 Mexico 1% 104 1
10 Pakistan 1% 177 1

* EU includes 28 countries (inc. UK)
,ORCEV KPFGZ ©6JCTG QH INQDCN *+* GOKUUKQPU Z $RRTQZ DKQICU RQVGPVKCN >2IWT

1.5 Aims and objectives

This report is a practical tool kit — gathering insights from the world’s biogas industry to help governments
and stakeholders make well-informed decisions.

YKTUV KV FGVCKNU VJG OWNVKVWFG QH CFXCPVCIGU QZGTGF D[ C YGNN FG
UJQYECUKPI YJ[ CNN EQWPVTKGU YQWNF DGPG2V HTQO TGE[ENKPI KVU QTIC
and so much more — from providing a clean burning fuel to rural communities to improving soil quality and

productivity.

&JCRVGTU HQEWU QP FKZGTGPV CURGEVU QH VJG DKQICU U[UVGO 7JG] C
national, and international levels can best support biogas growth, identifying how they can unlock the

HWNN XCNWG QH VIGKT XCNWCDNG DKQTGUQWTEGU 7JG TGRQTV JKIIJNKIJV
implemented around the world and are helping the global industry grow today. This will enable policymakers

to draw on a strong evidence base when designing new policies to support their biogas industry.
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The following summarises the WBA's overarching policy asks:

&QOOKVOGPV VQ DKQICU KP 1'&U DCEMGF D[ VCTKZU

%KQICU UJQWNF DG KPEQTRQTCVGF KPVQ 1'&U CPF DCEMGF WR D[ GZGEVKX
in the industry, targeting the recovery of organic material and nutrients to return to soils; the generation of

DKQICU HQT GPGTI[ CPF VTCPURQTYVY CPF &&6 &&86 HTQO DKQIGPKE YCUVGL
FGXGNQROGPV VJGUG UWRRQTV OGEJCPKUOU HQT W,/ @ digedtatQ ShouP G TCVKQ
VCMG VIJIG HQTO QH FKTGEV 2PCPEKCN UWRRQTY OQUV NKMGN[ VCTKZU ,V

growth, such as collection of organic wastes, accompanies the development of the industry to ensure the

OGVJCPG VIJCV YQWNF QVIJGTYKUG DG GOKVVGF HTQO VJGUG YCUVGU KU RT

available for AD plants.

2) Transition to more market-based policy support

As the industry grows and matures, policy can move away from direct subsidy to facilitate a market for the
GPXKTQPOGPVCN DGPG2V FGNKXGTGF D[ VJG DKQICU KPFWUVT[ YJKNG GPC
become independent of direct subsidy. This should be accompanied by the removal of all direct support for

VJG HQUUKN KPFWUVT[ GPUWTKPI VICV VIGTG KU C NGXGN RNC[KPI 2GNF D
,V YKNN CNUQ DG DGPG2EKCN HQT IQXGTPOGPVU VQ ENGCTN[ UGV QWV VJGI
QTICPKE YCUVG TGE[ENKPI KPFWUVT[ KP C ENGCT UVTCVGI[ VQ RTQXKFG KP

tapered away.

3) Carbon pricing policies

,PVTQFWEVKQP QH PCVKQPCN TGIKQPCN CPF 2PCNN[ INQDCN ECTDQP VTCF}
HQT VIJG ENKOCVG DGPG2VU FGNKXGTGF D[ VJG DKQICU KPFWUVT[ RTKEKPI
CPF GPCDNKPI DKQICU RTQLGEVU VQ UVCEM WR 2PCPEKCNN[ KPFGRGPFGP\
CPF OGVIQFQNQI[ QH ECTDQP RTKEKPI OGEJCPKUOU OWUV DG FGXGNQRGF
e.g., they must cover GHG emissions, methane capture and carbon sequestration from agriculture and from

organic wastes generated by human activity.

All policy asks are presented chronologically, to form a policy pathway.

+QYGXGT UKPEG GXGT[ EQWPVT[ YKNN DG CV C FKZGTGPV UVCIG QH DKQI
capacity for growth, it is impossible to set a universal timeline for policy adoption. While each

policy recommendation can be implemented independently of each other, when reading the policy

suggestions consider where your country is on the pathway — what has already been done? And what

can be done?

)QT GZCORNG C EQWPVT[ OC[ JCXG CNTGCF[ KFGPVK2GF C TQNG HQT DKQ
their targets with action. Introducing policies to support demand for AD’s products and accounting for
carbon emissions in systems will inevitably stimulate biogas growth.

BIOGAS: PATHWAYS TO 2030 WORLD BICGAS ASSOCIATION



Chapter 2: The World in 2030 and The Pathways
to Get There

This chapter presents a picture of the world with anaerobic digesters at the core of an extensive circular

GEQPQO[ TGE[ENKPI UQEKGVKGU?2 QTICPKE YCUVGU ,V KFGPVK2GU VJG MG]
organic wastes and their recycling through anaerobic digestion (AD), which are preventing the AD industry

HTQO HWN2NNKPI KVU HWNN RQVGPVKCN VQ EWV INQDCN *+* GOKUUKQPU )\
biomethane, bio-CO ,, biofertiliser digestate and other valuable bio-products — can deliver a broad range of

UQEKQ GEQPQOKE CPF GPXKTQPOGPVCN DGPG2VU OCUU GORNQ[OGPV GPG
CITKEWNVWTCN RTQFWEVKXKV[ ENGCP CKT CPF OQTG 7JKU KP VWTP YKNN
landscape, in the way cities, farms, citizens’ lives and governments function. We will explore the AD industry

required to deliver the 10% global GHG emissions reduction target, while also estimating the investments

required to meet this target.

7JG DGPG2VU QP QZGT

Every day, every single person in the world produces organic wastes. This may be directly in the form of
sewage or food waste, where the latter may be avoidable (good food thrown away) or unavoidable (banana
skins, vegetable peelings, tea bags for example). Alternatively, waste may arise indirectly — manure and
slurries from agricultural livestock, crop remains from arable farming, and organic residues produced during
the manufacture of food and drink. Every time you drink a beer or eat some chips, a form of organic waste
will have been created upstream on the farm or in the factory.

The following represents our best estimates for the organic wastes produced worldwide each and every year
— where total organic waste production will invariably increase with population growth:

Food waste 1.3 billion tonnes
Sewage 69.1 billion tonnes
Livestock manures/slurry 33.3 billion tonnes
Crop residues 2.0 billion tonnes
TOTAL 105.7 billion tonnes

7JKU XCUV SWCPVKV[ QH YCUVG RTQFWEGF GXGT[ [GCT KU FK*EWNV VQ EQO
should seek to cut the amount of organic waste produced per person. However, many organic wastes are
WPCXQKFCDNG CPF YKNN HQTGXGT DG ©YCUVGF?2 $' KU VJG OQUV G*EKGPYV
VIJKU OCVGTKCN HTQO C YCUVG KPVQ C XCNWCDNG TGUQWTEG QZGTKPI C L
GPXKTQPOGPVCN DGPG2VU ¥ UKORN[ D[ VTGCVKPI CPF TGE[ENKPI VJG QTICF
each and every day.

Worldwide, organic wastes fall within a linear economy, where products serve their purpose before being
buried or incinerated. It is an economy that fundamentally cannot run like this for much longer. Resources
will deplete. The world will become uninhabitable. If we could build an economy that would re-use resources
rather than use them up, we could build a future that really could work in the long term. A circular economy
is based on the principles of recycling our waste, keeping products and materials in use and regenerating
natural systems.

AD is the best technology available today for recycling organics. It enables the creation of a circular economy
of organic wastes, where organic material that has already been used once can be reused to return nutrients
and carbon to soils and to produce energy and other valuable bio-products. It is also recognised as a key
education tool, stimulating circularity across all economies.
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Wastes modelled to estimate global potential

Global food waste alone can produce enough natural gas to satisfy the demand of Germany or
electricity for 124 million people approximately.

Global livestock waste could produce enough natural gas to satisfy the demand of both India and
China or electricity for all agricultural demand globally.

Global crop residues could produce enough natural gas to satisfy the demand of China and Japan or
electricity production to cover 6% of global demand.

Treating sewage sludge globally could produce enough natural gas to satisfy the demand of Ukraine
or electricity for 33 million people.

Additional organic feedstocks for AD not included in model

Garden waste . From domestic gardens to municipal parks and sports centres, green waste can
arise from numerous sources. While the digestion of woody biomass typically takes longer than most
feedstocks, dry AD technology or the integration of aerobic decomposition (aka compost) post-AD
can support its treatment, extracting biomethane and creating a high-value soil conditioner.

Algae. These micro-organisms can act like a carbon sponge, drawing CO , out of the atmosphere.
The resultant biomass can be digested to generate energy, and the digestate used to grow more
algae. This closed system essentially converts sunlight into renewable gas.

Insect waste or “frass” ,PUGEVU CTG QHVGP KFGPVK2GF CU C XCNWCDNG UQWTE
within both human and animal diets. With a relatively small footprint, their cultivation can help reduce

the carbon intensity of food and improve food security worldwide. The organic by-products of insect

farming can be readily collected and digested, to recycle waste material.

In 2019, the WBA published a ground-breaking report 2 YJKEJ ECNEWNCVGF HQT VJG 2TUV VKOG
of the biogas industry in terms of the energy and nutrients it could potentially produce and the GHG savings

that could result from this. The modelling assumed achievable collection rates of organic wastes and realistic
GUVKOCVGU HQT YCUVG IGPGTCVKQP HQT GZCORNG KPENWFKPI C UKIPKZ2E
diverted to AD plants, these vast quantities of bioresources could deliver the following:

Gas Demand GHG emissions
Biomethane could supply 33%of the AD could cut global emissions an
global gas demand, plus an additional estimated 10%each year

20%with the integration of P2G
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All organic wastes must be considered valuable bioresources. Only AD can fully unlock their intrinsic value.
$U C TGCF[ VQ WUG VGEJPQNQI[ $' ECP FGNKXGT C DTQCF TCPIG QH DGPG?2)\

1. Produces green energy, biogas. By digesting all readily available organic wastes, the
global AD industry holds the potential to generate an estimated 12,000 TWh of energy
every year. This is the equivalent of 33% of all gas or 28% of all coal used worldwide
in 2017. Most importantly, AD produces this energy in the form of a renewable
gas. Biogas (a mix of methane and bio-CO ,) can be ‘upgraded’ to biomethane by
removing the bio-CO ,. This biomethane is chemically identical to fossil natural gas,
such that it can directly replace fossil gas wherever used — from heating homes via
ICU DQKNGTU CPF HWGNNKPI XGJKENGU VQ TG2PKPI K QV T RTQFW
etc). While there are plenty of technologies capable of generating renewable
electricity, AD is a ready to use technology able to produce renewable gas.

$'2U CDKNKV[ VQ RTQFWEG TGPGYCDNG GPGTI[ UJIQWNF PQV DG WPFGTUVCYV
energy generation. Governments often overlook its provision of numerous other social, environmental

CPF GEQPQOKE UGTXKEGU 7JG HQNNQYKPI QWVNKPGU C UGNGEVKQP QH V]
recognised by governments and industry alike:

2. Produces organic biofertiliser, digestate. After the extraction of the energy during the

$' RTQEGUU VJG TGOCKPKPI UQNKF NKSWKF TGUKFWG CNN VJ
matter from the organic material originally fed into the digester. The nutrients and

remaining organic matter can then be returned to the land to fertilise crops and

TGUVQTG UQKN JGCNVJ &TWEKCNN[ FKIGUVCVG CNUQ URNCEC
fertilisers, which are highly energy intensive to manufacture and generally involve

VJG OKPKPI QH 2PKVG OKPGTCN TGUQWTEGU 0QTGQXG VCVG VIR

concentrations of organic carbon. Returning this to land improves soil structure, water
retention and sequesters carbon in the ground.

WBA'sGlobal Potential of Biogas report analysed the amount of nutrients AD could recover from the
organic feedstocks. Digestate, a by-product of the digestion process, is rich in nitrogen, phosphate
and potassium (NPK) as well as a plethora of other key elements required for strong agricultural
productivity. Consisting of up to 90% liquid, unprocessed digestate can further support agricultural
systems in drier regions. We found that the potential for nutrient replacement is the equivalent of the
amount that is used to fertilise an area equivalent to either Brazil and Indonesia or approximately
5-7% of all nutrients used globally.

3. Delivers deep decarbonisation. All AD prevents GHG emissions primarily in
three key ways: (i) displacement of fossil fuels through its generation of biogas;
KK FKURNCEGOGPV QH CTVK2EKCN HGTVKNKUGTU RTQFWE
(iii) prevention of emissions from decomposing wastes. The UK government
estimate for every tonne of food waste digested, 616 kg CO ,e emissions are
RTGXGPVGF EQORCTGF VQ NCPF2NN ,P VJG YQTNF RTQFWEGF CP G
wasted post-farm-gate 2. Had all this food waste been digested, around 801 million tonnes of CO e
emissions could have been avoided — this is the equivalent of 2% of all global emissions.

Of course, AD is not restricted to food waste; all organic material is suitable to varying degrees for
digestion, from sewage, manures and slurries to industrial organic wastes and crop residues. The EU
JCU KFGPVK2GF $' CU C MG[UVQPG VGEJPQNQI[ KP VCEMNKPI OGVJCPG G

Moreover, the AD process captures and concentrates CO , inside the digester thus, when integrated
with innovative CCS technology, improves AD'’s ability to deliver negative carbon emissions — actively
reversing global emissions.

Zhttps:len.reset.org/knowledge/global-food-waste-and-its-environmental-impact-09122018
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4. Creates green jobs. For every MWe-e (megawatt electrical-equivalence) of
capacity deployed within the AD sector, an estimated 14 temporary jobs are directly .
created to design, develop, and construct a plant, and 3 permanent jobs to operate
and maintainthem # 7JGUG 2IWTGU OC[ DG FQWDNGF YJGP
the indirect jobs created within the wider bioeconomy, such as those responsible
for feedstock procurement and management. For example, jobs will be required to
design, build and operate an extensive waste collection network. ‘
Crucially, as AD plant locations are typically located next to sources of organic
YCUVG OCVGTKCN VJGUG ITGGP LQDU CTG RTGFQOKPCPVN[ FGEGPVTCN
communities new opportunities for employment and training. Successful AD operation requires a
range of skills. These skills may already be possessed by a local community (e.g., land management
and farming), where other skills required may present opportunities to upskill a local workforce or
retrain existing professionals within the oil and gas industry — many of these engineering-based
skills are readily transferable to AD. When the AD industry is at full capacity, it is estimated that
the industry will be employing 10-15 million people directly and indirectly. As the industry grows,

additional jobs will also be created within the research and innovation sector, helping to optimise the
operations of this increasingly important sector.

'KXGTUKZ2ECVKQP QH CIT KRarmersvare ridét niofe Pressutek G U .

than ever before, attempting to eke out more value from their land and provide

HQT C ITQYKPI RQRWNCVKQP ,PVGPUK2ECVKQP TKU Pl NCPF
increasingly expect cheap food. AD can help resolve both issues. Through its

RTQFWEVKQP QH DKQICU CPF FKIGUVCVG KV ECP U EWV VJ(
GPGTI[ HTQO VJG ITKF CPF DW[KPI CTVK2EKCN HGT G GP UGN
additional revenue. As countries start to account for carbon emissions, AD stands

VQ 2PCPEKCNN[ DGPG2VY HTQO KVU CDKNKV[ VQ FGECTDQPKUG CPF FGHQ
And the digestate spreading returns nutrients and organic matter, and stabilises soils,

conducive to long-term agricultural sustainability.

F VQ KPEN\

6. Cleaner air and cleaner water. When organic wastes break down in the open air
untreated, they not only produce harmful GHG emissions, but also NOx gases and
VQZKE NGCEJCVG 7JGUG EJGOKECNU RTGUGPV UKIPK
breathed in or swallowed via contaminated water, respectively. Treating organic
YCUVGU GZGEVKXGN[ UCXGU NKXGU CPF RTQVGEVU D

JUMU VQ C
KO FTUKV]

7. Balance the energy network. $'" ETGCVGU 3GZKDKNKV[ YKVJIKP VJG
can easily be stored and transported through the existing energy infrastructure,
providing low carbon energy when and where demanded. Importantly, it can
also be used to generate base load electricity and used to store excess renewable
electricity via electrolysis and biomethanation. As wind and solar capacity has
increased over the past decade, many countries are increasingly experiencing
periodic negative energy pricing, whereby electricity generation exceeds demand.
These conditions can cost the grid operators substantial amounts of money. In
the UK, it was reported that system operators paid more than £6.6 million to balance the network
on 26th May 2019 alone® :G ECPPQV CZQTF VQ YCUVG TGPGYCDNG GNGEVTKEKV]
excess electricity to create green hydrogen, through the electrolysis of water, low carbon energy can
be stored as a gas. Hydrogen can be subsequently fed directly into an AD plant, binding with CO
to form biomethane, increasing its yields by ~40% and utilising the CO, captured in the AD process.

Again, this process transforms AD from a carbon neutral to a carbon negative technology.

[ U[UVGO ¥

2www.nnfcc.co.uk/publications/report-uk-jobs-bioenergy-sector-2020

Swww.current-news.co.uk/news/uk-negative-power-pricing-record-smashed-and-balancing-costs-spike-during-extraordinary-weekend
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8. Exportable sector as a global leader. The world is delivering just 2% of the global
potential of AD 2. As countries enact changes to meet their Nationally Determined
Contributions (NDCs) in line with the Paris Agreement, AD is increasingly recognised
for its ability to provide deep decarbonisation, while supporting local energy and
food security, waste management and agricultural productivity. The race is on to
FGXGNQR C YQTNF NGCFKPI $" KPFWUVT[ ¥ VJG YKPP DG KFGF
knowledge and expertise, able to export their experience to any other country. In
the UK alone, companies already export over £100 million worth of biogas-related
expertise and equipment per year. Worldwide, to scale up the biogas industry to recycle the 105bn
tonnes of unavoidable organic wastes would require an investment of ~US$100 trillion.

The Intergovernmental Panel on Climate Change (IPCC)?” has predicted that 2030 is the tipping point for
climate change, meaning that within the next decade every industry, including the biogas sector, needs to
step up, set out a plan for their part in mitigating climate change and act upon it.

The data we analysed led us to the conclusion that harvesting these waste and crop resources (with a realistic
OGCUWTGOGPV QH RQVGPVKCN VJCV ECP GZGEVKXGN[ DG JCTXGUVGF HQT
GHG emissions worldwide. These GHG emissions reductions come from displacing fossil fuels with a perfectly
EQORCVKDNG TGPGYCDNG HWGN TGFWEKPI VJG VTCPUKVKQP EQUVU $V VI
emissions are achieved by improving current waste management procedures, capturing methane-emitting

organic wastes for the production of biomethane. As a potent GHG, minimising methane emissions must

be prioritised worldwide. Finally, a further GHG reduction comes from reducing the production of energy-

intensive mineral fertilisers, as they are replaced with the nutrients recycled from the waste management.

In 2019, the WBA's principal industrial members pledged their commitment to support a >10% reduction to
global emissions by 2030 via biogas. Members suggest that this target is achievable within the subsequent
ten years if governments implement the right policies. This declaration was presented to the UNFCCC's
COP25 on climate change in Madrid, December 2019 2,

Now we have to understand what policies need to be in place if the
industry is to be able to deliver on this global target. The potential for
investments and new employment opportunities in biogas are explored

both relative to the global north and the global south taking into account \\4 M

VGEJPQNQIKECN CPF 2PCPEKCN EQORNGZKVKGU CPF F PEGU KP YCUVC

and feedstocks. SUSTAI NABLE
In 2015, the United Nations (UN) formulated the sustainable develop goals
6'*U KP CP GZQTV VQ KFGPVKH[ CPF CFFTGUU QEVELQEBMEN-I-RTGUUKF
These goals encompass all aspects of life, to support people and protect 5\"',
X . . . A ‘e
the environment. In total, there are 17 goals 2°. An extensive biogas industry ?f €
“mn

YQWNF OCMG C UKIPK2ECPV EQPV nikeitheseQdalsy Q
Goal 1: End poverty in all its forms everywhere

Goal 2: End hunger, achieve food security and improved nutrition and ZERU
promote sustainable agriculture HUNGER
Rural and remote societies can feed into a community AD plant
and convert their organic wastes into renewable fertiliser. Digestate

also returns organic carbon to land, vital for soil structure and

YCVGT TGVGPVKQP CPF ECP VIGTGHQTG UVC VKQP C
FGUGTVK2ECVKQP +GCNVJ[ CPF UVCDNG UQK Q OCKP
agricultural productivity and support localised food security. '

Zwww.worldbiogasassociation.org/global-potential-of-biogas/

2lwww.ipcc.ch/srl5/chapter/spm/

BYYY YQTNFDKQICUCUUQEKCVKQP QTI YDC ECNNU HQT FGEKUKXG RQNKEKGU VQ HWN2NN INQDCN FGECTDQPI
2 https:/sdgs.un.org/goals
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Goal 3: Ensure healthy lives and promote well-being for all at all ages
$TQWPF QH UGYCIG CPF YCUVGYCVGT YQT
water systems untreated *. Drinking water is contaminated and water-
borne disease spread rapidly. Sanitation is crucial for healthy lives and
well-being. AD can treat these wastes and return value to its people.
Moreover, AD supports better air quality, primarily through its ability to

cut ammonia emissions from raw manure and its ability to generate a
clean-burning fuel, biogas.

Goal 4: Ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all

Goal 5: Achieve gender equality and empower all women and girls

In small communities, typically in the global south, the responsibility

of gathering fuel wood and cooking falls on women. When wood

is burnt inside, the fumes and particulate matter disproportionally

damage women’s lungs and eyesight. Establishing community biogas

can negate the need to source wood, freeing up time, and when
EQODWUVGF DKQICU FQGU PQV CFXGTUGN][ C

Goal 6: Ensure availability and sustainable management of water and
sanitation for all

Also see goal 3. The majority of the world’s organic wastes are left to
rot and seep into freshwater supplies. AD can treat these wastes to
ensure water quality is maintained and consequently support water
security for all.

*QCN (PUWTG CEEGUU VQ CZQTFCDNG TGN
energy for all

AD helps unlock the energy held within organic compounds. Biogas

is a renewable energy accessible to any individual, community,

company and country producing organic waste. Moreover, it is a clean
CPF 3GZKDNG UQWTEG QH HWGN ¥ KV ECP DG
cooking, it can generate electricity through a CHP unit, or converted to
biomethane it can be used to fuel a vehicle. It can also be stored and
transported as required.

Goal 8: Promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all

Goal 9: Build resilient infrastructure, promote inclusive and

sustainable industrialization and foster innovation

7JG DKQICU KPFWUVT[ KU JKIIJN[ 3GZKDNG ,V
changing supply chain, from new types of organic waste, new uses

for biogas and digestate, new agricultural techniques. The whole

system encourages innovation to optimise the provision and value of
products returned from organic wastes. Moreover, many skills required
VQ GZGEVKXGN[ QRGTCVG NCTIGT DKQICU RN
fossil oil and gas sector; biogas can help retrain and employ these
professionals as we move away from fossil resources.

Goal 10: Reduce inequality within and among countries

30 www.unwater.org/water-facts/quality-and-wastewater-2/

N[ KPVQ

GOOD HEALTH
AND WELL-BEING

\ 4

GENDER
EQUALITY

g CNVJ

CLEAN WATER
AND SANITATION

G CPF (
E O JGCVlI
AFFORDABLE AND
CLEAN ENERGY
WY
GXGT
CDNG H°

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

o
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Goal 11: Make cities and human settlements inclusive, safe, resilient
and sustainable

AD plants form the heart of a circular economy of organic wastes, at
CP[ UECNG 7JG[ QZGT FGEGPVTCNKUGF GOR
new revenue streams from organic wastes which are already being
created. Biogas plants support safer and more sustainable waste

management systems.
Goal 12: Ensure sustainable consumption and production patterns

A _—
Goal 13: Take urgent action to combat climate change and its impacts " E

%KQICU QZGTU DQVJ FGECTDQPKUCVKQP CPF
leave waste to rot and pollute the environment or treat it through

anaerobic digestion and return renewable energy, renewable fertiliser, GHMATE
bio-CO , and other valuable bio-products. It is a no-regrets option, 13

particularly in terms of environmental conservation. AG"UN

1 SUSTAINABLE CITIES
AND COMMUNITIES SZTSIVANe

:G ECP

Goal 14: Conserve and sustainably use the oceans, seas and marine
resources for sustainable development

Goal 15: Protect, restore and promote sustainable use of terrestrial
GEQU[UVGOU UWUVCKPCDN[ OCPCIG HQTGUV
halt and reverse land degradation and halt biodiversity loss

Through the management of wastes, AD prevents land contamination

and pollution of water. Through the provision of organic- and nutrient-

rich digestate, AD helps restore soils and counter land degradation. |.|FE
Our organic ‘wastes’ must be recognised as organic ‘resources’ in the

21JV CICKPUV GPXKTQPOGPVCN EJCPIG 1 ON LAND

2ECVKQF

Goal 16: Promote peaceful and inclusive societies for sustainable
FGXGNQROGPV RTQXKFG CEEGUU VQ LWUVK
accountable and inclusive institutions at all levels

NF GZGE

Goal 17: Strengthen the means of implementation and revitalize the
global partnership for sustainable development

N
_—
——
|
|
|

$'2U CDKNKV[ VQ EQPVTKDWVG UKIPK2ECPVN[ VQYCTFU VJGUG 6'*U FGOQPUYV
energy and decarbonisation. As important as climate change mitigation is, it is not necessary the top priority

for all countries. Some countries’ emissions may be negligible — the relative contribution to global GHG

emissions from 50 countries with the lowest total emissions is <0.25% of worldwide emissions. Some countries

may have extremely limited resources which are preferentially used to tackle immediately pressing health

issues, such as hunger, drought, or disease.

%[ FGXGNQRKPI C EKTEWNCT GEQPQO[ XKC $' EQWPVTKGU ECP CFFTGUU OV
YGNN DGKPI QH VIGKT RQRWNCVKQP 7JGTGHQTG $'2U YKFGT DGPG2VU CTG
targeted by the SDGs — i.e., countries in the global south. Unlocking value from a community’s or country’s

organic wastes builds resilience.

7JG WUG QH 2TGYQQF YKVJKP TWTCN EQOOWPKVKGU KU CPQVJGT GZEGNNG
biogas. Firewood remains a primary source of fuel for cooking. Establishing small-scale biogas plants in

TWTCN EQOOWPKVKGU ECP RTQXKFG UGXGTCN VCPIKDNG DGPG2VU 6VWFKG
JCXG HQWPF VJCV DKQICU WUGTU WUG UKIPK2ECPVN[ NGUU 2TGYQQF YJKEJ
VKOG URGPV EQNNGEVKPI 2TGYQQF CPF VJG FGUVTWEVKQP QH HQTGUVU CI
ENGCPGT VJCP 2TGYQQF UQ HCOKNKGU ICKP JGCNVJ DGPG2VU HTQO EQQMK
biogas on tap also provides opportunities for economic growth. Users of biogas are able to create and

expand food-related businesses often led by women.
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2.2 Current biogas industry

Of the 105 billion tonnes of organic waste produced each year, almost all of it remains untreated — left to

TQV GOKVVKPI OGVJCPG KPVQ VJG CVOQURJGTG CPF EQPVCOKPCVKPI GPX
WPUGITGICVGF HTQO PQP QTICPKE YCUVGU UGYCIG QYU KPVQ YCVGTYC[U
spread to land. Organic wastes must be converted from a problem to a solution.

The WBA'sGlobal Potential of Biogas report 3! estimated that the world is achieving just 2% of its full potential.

7JCV OGCPU CNOQUV CNN QH VJGUG GPXKTQPOGPVCN CPF UQEKQ GEQPQOK
or ‘bioresources), are being wasted. At present, there are approximately 132,000 small, medium or large-scale
FKIGUVGTU QRGTCVKPI YQTNFYKFG YKVJ CP CFFKVKQPCN OKNNKQP OKET
communities.

In 2018, approximately 407 TWh of biogas was produced worldwide. This represents a small fraction of

the 8,490 TWh biomethane energy potential, as modelled by the IEA 32 — capable of supplying 20% of the
worldwide gas demand. The following map displays the centres of biogas production by energy production —
data from IEA.

USA42 TWh Europe 209 TWh
While much of today’s biogas is derived from food waste Europe leads the global industry, driven primarily by large
YKVJIKP NCPF2NN VJG DKQICU KPFWUV T [mafkels ih GetiGaQ IRIE &nditieRIK BriNdrder of number of
within certain regions, owing to policy support. Most biogas plants; largest to smallest). Agricultural feedstocks fuel
notably, in California, policy aimed at decarbonising the industry. German subsidies stimulated the development
transport fuels promoted the production of biomethane of plants fed by bioenergy crops. Similarly, support schemes
from manures. The framework recognised biomethane focusing on energy generation promoted the incorporation of
as the only sustainable fuel capable of delivering carbon bioenergy crops into UK feedstocks; although later regulation set
negative life-cycle emissions. limits of the proportion of gas derived from crops. Major biogas
Note, biogas/biomethane is commonly called Renewable industries in France and Denmark have instead focused on the
Natural Gas (RNG) in USA. digestion of manures and slurries, recognising their potential to

decarbonise agricultural practices.

D

QCrops
QLivestock manure
QFoodwaste ‘

Wastewater
Q8PURGEK2GF

Rest of the World 47 T\Wh China 84 TWh
The biogas industry in the rest of the world is dominated China produces less than half of Europe’s biogas output, despite
by smaller, decentralised digesters. India and Thailand having twice the population, yet it still represents the second
currently have the largest capacities, with much of the largest individual market worldwide. Many of these biodigester
feedstocks comprising food and agricultural wastes . are micro- or small-scale, serving small communities by
Brazil's biogas industry is growing relatively rapidly, with treating locally sourced agricultural and food wastes . However,
policy supporting the treatment of waste from its extensive &JKPC JCXG KFGPVK2GF DKQICU KP VIGKT KPFW
cattle and soya bean farming sector. hope to rapidly develop capacity to decarbonise transport via
biomethane.

Swww.worldbiogasassociation.org/global-potential-of-biogas/

2www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth
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The lack of organic waste management is a global issue, pervading all societies. These wastes must be

OCPCIGF VQ OKVKICVG VIGKT KORCEV QP ENKOCVG 0QTGQXGT YKVJ CNN V
are copious opportunities for growth — for example, over 12,000 TWh of untapped renewable gas. And, as a

JKIIJN[ 3. GZKDNG VGEJPQNQI[ FKZGTGPV DKQICU UGVWRU EQWNF VCTIGV FKZ
Multiple small digesters could provide remote communities with a secure supply of clean-burning energy, or

a large centralised plant could establish waste management systems and socialise investment costs.

Wastewater arguably represents the most underutilised feedstock globally, despite its supply being entirely
predictable and consistent. And yet, digesting this bioresource worldwide could save lives by preventing the
contamination of waterways and provide clean energy for communities of any size.

2.3 Estimating biogas potential

*QXGTPOGPVU CPF KPFWUVT[ ECP GUVKOCVG VJGKT QYP DKQICU RQVGPVKC
quantity of organic waste should be considered:

.How many people live within a particular area?
All humans produce organic waste every day. More people, more wastewater. Sewage sludge can be
easily estimated — for example, 47kg of faeces are roughly produced per person peryear 3,

0QTG RGQRNG CNUQ TGUWNYVY KP OQTG HQQF YCUVG :JKNG UQEKCN CPF
QH HQQF YCUVGF RGT RGTUQP HQQF YCUVG ECP CTKUG HTQO C TCPIG Q
JQOGU UJQRU TGUVCWTCPVU UEJQQNU JQURKVCNU GVE ,FGPVKH[KPI
regions will require local intelligence gathering from surveys and local expertise.

.What are the key products and exports within a particular area?

The manufacture of countless food and drink products involves the production of organic wastes, from

EJGGUG OCMKPI VQ DTGYGTKGU 'GXGNQRKPI CP QP UKVG $'" RNCPV QHVC
VTGCVKPI YCUVGU TGVWTPKPI GPGTI[ VQ VIG HCEVQT[ CPF DKQHGTVKNEk

Moreover, the bio-CO , from biogas can also be used in the manufacturing of products, such as

carbonating drinks. Much of today’s industrial-grade CO , EQOGU HTQO CTVK2EKCN HGTVKNKUC
industries. If such a factory is not close to one of these production centres, CO , can be expensive.

&Q NQECVKPI CP $' RNCPV YKVJ C HQQF FTKPM RNCPV ECP RTGUGPV UKIF
company’s green credentials and supporting access to green investment.

.What do farms produce within a particular area?

Waste from cows, pigs, goats and chickens can all be digested to produce energy. The quantity of
which can be estimated per head; for example, an adult cow can produce over 50kg of manure per

day. Similarly, the quantity of crop residues, cover crops and sequential crops can also be predicted
based on area covered. These organic wastes can be co-digested and the digestate used to fertilise the
agricultural land.

7JG CITKEWNVWTCN UVTWEVWTG OC[ CNUQ KP3WGPEG JQY $' KU FGXGNQ
developed to treat the waste of multiple local farms, but more-remote communities might prefer smaller
independent digesters.

With these questions in mind, the following can be used to estimate your biogas potential.

Bwww.tandfonline.com/doi/full/10.1080/10643389.2014.1000761
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What is your country’s biogas potential?

How many tonnes of food waste are produced each
year?

million tonnes
For each one million tonnes sent to AD:

.1,008 GWh renewable energy available
.826,000 tonnes of CO,e abatement

How many tonnes of sewage sludge are produced
each year?*

million tonnes

*Around 47kg of sewage waste is produced per person per year.

For each one million tonnes sent to AD:
.814 GWh renewable energy available
..704,000 tonnes of CO e abatement

How many tonnes of livesiock waste are produced
each year?

million tonnes
For each one million tonnes sent to AD:

.412 GWh renewable energy available
.161,000 tonnes of CQe abatement

How many tonnes of crop residues are produced
each year?

million tonnes
For each one million tonnes sent to AD:

.2,378 GWh renewable energy available
.450,000 tonnes of CO e abatement

How many tonnes of sequential crops are produced
each year?*

million tonnes
*15 tonnes of crops grown per hectare per year
For each one million tonnes sent to AD:

.2,610 GWh renewable energy available
.7147,000 tonnes of CO,e abatement

Did you know?

Around 1.3 billion tonnes of food
are wasted each year — a third

of all food produced for human
consumption! First and foremost,
food waste must be reduced. The
remaining, unavoidable material
must be sent to AD. This requires
infrastructure to collect separated
organic waste.

Did you know?

80% of wastewater produced is
untreated, contaminating fresh
water and damaging ecosystems.

Did you know?

Over 33 billion tonnes of manure
are produced by cows, pigs and
chicken each year — and yet almost
all this waste is spread back to
farmland untreated.

Did you know?

80% of waste water produced is
untreated, contaminating fresh
water and damaging ecosystems.

Did you know?

Modern, sustainable agricultural
technigues can help farmers
optimise the use of their land. For
example, sequential cropping can
protect land from erosion between
food harvests and provide an
energy-rich feedstock for AD.
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Delivering this potential...

Smaller-scale biogas unit treating a
community’s organic waste

Feedstock = Mixed food waste, agricultural
waste, sequential crops and wastewater
Tonnage = 10,000 tonnes per year
Capacity = 1.0 MW

Cost of energy production = 126 $/MWh

Managing local waste provides a community
with clean energy and biofertiliser, while
supporting clean air and sanitation. Designing,
building, and operating this plant would create
~5 jobs.

Larger-scale centralised biogas plant
treating a city’s or region’s food waste

Feedstock = Food waste (option to co-digest
with agricultural waste or wastewater)
Tonnage = 100,000 tonnes per year
Capacity = 14.0 MW

Cost of energy production = 62 $/M\Wh

Revenue gained from managing waste,
renewable energy generation, biofertiliser
production, and source of biogenic carbon
for use or storage. Designing, building, and
operating this plant would create ~33 jobs.

Large-scale centralised biogas plant treating a city’s or region’s wastewater

Feedstock = Wastewater (option to co-digest with food waste)

Tonnage = 150,000 tonnes per year
Capacity = 2.0 MW
Cost of energy production = 90 $/MWh

Revenue gained from managing this constant supply of waste, preventing environmental
contamination, and supporting sanitation. Biogas can be used to power the whole treatment facility

and biofertiliser can be sold to local farmers.

On-farm biogas unit treating its own
waste

Feedstock = Livestock waste, crop residues
and sequential crops

Tonnage = 20,000 tonnes per year
Capacity = 2.0 MW

Cost of energy production = 90 $/MWh

2ZUGVVKPI EQUVU TGSWKTGF VQ
heat buildings, and fertilise crops. Digestate’s
nutrients can further improve soil health and
structure, while sequestering atmospheric

carbon.

Centralised biogas plant treating
wastes from multiple farms

Feedstock = Livestock waste, crop residues
and sequential crops

Tonnage = 350,000 tonnes per year
Capacity = 22.0 MW

Cost of energy production = <62 $/MWh

+KIIJN[ Ge EKGPV U[UVGO TGFWEKPI VJG
to build multiple plants, all farmers feeding

into the plant receive a share of the energy,
DKQHGTVKNKUGT CPF GXGP RTQ2VU
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2.4 Barriers to growth

%KQICU ENGCTN[ QZGTU C DTQCF TCPIG QH DGPG2VU CV CNN UECNGU CPF |[C
of its full potential — just 2%. Billions of tonnes of organic wastes remain either untreated or managed through
KPG*EKGPV VGEJPQNQIKGU UWEJ CU NCPF2NN QT KPEKPGTCVKQP 7JKU RTQ
understand what is stopping people from unlocking the full potential of our world’s valuable bioresources. In

short, two barriers appear to predominately prevent the uptake of AD globally:  costs and competency. The

following will explore these barriers in detail and identify key aspects to consider when designing biogas policy.

2.4.1 Key barrier: Costs

An AD plant requires sizable capital expenditure (Capex) and on-going operational expenditure (Opex). A
relatively small 1.0 MW capacity plant can cost an estimated US$ 8,600,000 to develop and US$ 500,000
each year to run. Too often, AD is compared directly with other technologies based on an individual service
provided, for example:

JUf waste disposal KU VJG UQNG HQEWU NCPF2NN KU EJGCRGT 8R VQ OKNNKC
VITQYP KPVQ NCPF2NN CV C EQUV QH 86 *. oKrébNasinRarQuattily o [GCT NKH
organic waste through AD would likely require around 20 large digesters, each costing upwards of
US$30 million to deploy.

Y 2H EQWTUG [QW OWUV CNUQ CEEQWPYV HQT NCPF2NN2U JCTOHWN GF
land and water by toxic leachate, methane emissions to the atmosphere, and poor air quality. Each

of these impacts will result in knock-on costs, to treat the various adverse health, agricultural and

QVIGT GPXKTQPOGPVCN KORCEVU $FFKVKQPCNN[ NCPF2NN TGSWKTG
several years, becomes largely unusable.

Jdfenergy KU VJG UQNG HQEWU CV 86 0:J YKPF CPF UQNCT ECP RTQXKF(
TGPGYCDNG GPGTI[ EQORCTGF VQ $'2U 86 0:J

... Of course, wind and solar also require large areas of land which might otherwise be utilised for
agriculture and sustenance. These technologies serve only to generate renewable electricity. While
they will eventually play a major role in decarbonising energy worldwide, other technologies are
required to tackle harder to decarbonise sectors, such as heat and transport (especially heavier
vehicles). AD is the only ready-to-use technology capable of generating a renewable gas, that can
directly replace fossil natural gas.

Af fertiliser production KU VJG UQNG HQEWU CTVK2EKCN HGTVKNKUGTU ECP DG O
gas and low-cost labour to mine non-renewable minerals. While they are not necessarily cheaper than

digestate, regulation dictating strict nutrient spreading limits and existing agricultural equipment mean

farmers often favour manufactured fertilisers over more variable organic fertilisers.

... Of course, you must also account for the greenhouse gas emissions released when creating

VIJGUG CTVK2EKCN HGTVKNKUGTU 7JG +CDGT %YQUEJ E[ENG WUGF VQ
SWCPVKVKGU QH PCVWTCN ICU GOKVntofhe atrdddplietd CiB astid@ed WP VU QH &
the ammonia fertiliser industry uses 3-5% of the world’s natural gas, requires 1-2% of the world’s

energy supply, and is responsible for up to 1% of total global emissions.

Anaerobic digestion is the only technology capable of delivering all these services — without depending on
fossil resources, without contributing to global emissions, and without requiring vast swathes of land.

Itis a low carbon waste management technology which generates a low carbon gas and a low carbon
organic fertiliser. Altogether, waste AD plants can become carbon negative when compared to BAU.

<GV ECTDQP KU PQV GZGEVKXGN[ EQUVGF YKVJKP QWT EWTTGPV U[UVGOU

PQV GZGEVKXGN[ CEEQWPVGF HQT YKVJKP VJG GEQPQOKE OQFGN %[ EQPUI
EJCKP VJG EQUV QH $' OCMGU UGPUG ¥ QZGTKPI XGT[ IQQF XCNWG HQT 0OQ]

3 https:/ec.europa.eu/environment/waste/studies/pdffeucostwaste.pdf
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The following table imagines a relatively large AD plant treating food waste and explores its current revenue
streams and the barriers inhibiting economic feasibility.

Domestic and commercial food waste
75,000 tonnes per year
10 MW biogas
>80 GWh per year
$30 million
$2 million per year

Potential

revenue stream

Waste AD plants can charge a gate fee (US$ AD should be adequately rewarded
management per tonne) for the treatment of organic for treating waste in the most
wastes. However, the gate fees amount environmentally friendly way.
is primarily driven by two factors:
availability of separated organic waste Promoting separate food waste collection
and cost of alternative waste pathways can ensure fairer gate fees.
UWEJ CU NCPF2NN QT KPEKPGTCVKQP
7CZKPI NGUU G*EKGPV CPF WPUWU'
If food waste collection and supply technologies can support the cost
is limited, demand from AD plants competitiveness of AD; the greater the
increases and the gate fee decreases value unlocked from the wastes, the
— undervaluing AD’s role in waste lesser the tax.
management.
Ultimately, banning all organic waste
If unsustainable waste technologies are FKXGTUKQP VQ NCPF2NN YKNN CNU
cheaper, companies and government WRVCMG CPF 2PCPEKCN HGCUKDKN
may opt to save money.
Energy Whether it's derived from renewable or Biomethane is able to provide all the

Barrier to income

non-renewable resources, the energy
from methane holds value. In 2021, the
price of natural gas is valued at $2.54 per
MMBtu — which equates to:

BIOGAS: PATHWAYS TO 2030

Future potential

same energy services as natural gas,

while also cutting GHG emissions from

some of the trickiest sectors, such as heat

and transport. Consequently, it should be

worth more than natural gas. Based on

VJG VTCFG QH DKQOGVJCPG EGTVK
the UK, the current value of biomethane

as a renewable source is:



Potential

Barrier to income Future potential
revenue stream
Fertiliser While AD produces an organic renewable 7JG (8 KFGPVK2GU VJG PGGF VQ GZ
fertiliser, the value of its environmental organic farming to promote sustainable
services is not always accounted forinthe  food production. By stimulating market
fertiliser market. Farmers may opt to use demand for organic fertilisers, such as
CTVK2EKCN HGTVKNKUGTU Dlgdstatey thevaélof@SnmtieROVE D&/
compatibility or regulation compliance. better accounted for.

Those that do spread digestate are
savvy, recognising the need for AD plants ~ AD could earn for the ability to recover

to remove digestate, and therefore nutrients and displace the need for
purchase nutrients at rock-bottom prices. GPGTI[ CPF ECTDQP KPVGPUKXG C
fertilisers.
Bio-CO, Biogas is composed of 35-45% CO, which, when separated from the biomethane,

can be used within a multitude of industries, such as carbonating drinks, boosting
ITGGPIQWUG RTQFWEVKXKV[ CPF TG2NNKPI 2TG GZVKPIWKUJG"

Almost all the world’s industrial CO , comes from either the production of ammonia

(again, the Haber-Bosch cycle) or the formation of liquid biofuels. Increasingly,

EQORCPKGU CTG TGEQIPKUKPI VJG 2PCPEKCN DGPG2VU QH EQ |
which require industrial CO , — these arrangements can save companies up to:

Carbon For the most part, carbon is not $' UJIQWNF DG GZGEVKXGN[ TGYCTF
emissions accounted for in current systems — ability to cut annual emissions. Carbon

companies may be free to emit as much is arguably the best proxy for all of AD’s

GHGs into atmosphere as they please. environmental services. Any policy which

UGTXGU VQ 2PCPEKCNN[ CEEQWPV |
emissions will likely act to support the
biogas industry.

AD is not just a waste disposal technology, nor a renewable energy generator, nor an organic fertiliser producer
—itis all these things and more. Comparing these services directly with other technologies fails to tell the whole
story. AD is a ready-to-use technology capable of turning organic waste from a problem into a solution.

Policies which act to account for carbon emissions within the supply chain act to promote the adoption of

sustainable technologies, such as AD. If cutting carbon emissions becomes a national priority, AD can become

C EQUV GZGEVKXG OGCPU QH FGECTDQPKUCVKQP YJKNG RTQXKFKPI MG[ UC
Based on UK data, the following provides indicative estimates of the cost per tonne of CO _e saved, based on

average load factors and average cost per MWe capacity:

5US$ 1,500 per tonne of CO,saved
5USB E,150 per tonne of CQ saved
5US$ 3,200 per tonne of CO, saved
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As the global biogas industry develops, the Capex and Opex will likely decrease, thus bringing the cost of

decarbonisation down and enhancing the economic feasibility of AD within all sectors. Making the economic

OQFGN QH $" YQTM KU RKXQVCN VQ KVU UWEEGUU 7JG HQNNQYKPI KFGPVK?
income — beyond accounting for the carbon savings delivered from its operators:

Reducing costs (Capex and Opex):

.Reducing risk Perceived risk increases insurance costs and interest rates levied on loans, negatively

KORCEVKPI VJG 2PCPEKCN HGCUKDKNKV[ QH $' RNCPVU 0QTGQXGT C YG
value of its products, while minimising any risk to human or environmental health. With clear government

UWRRQTV CPF C NQPI VGTO UVTCVGI[ KPXGUVQTU ECP HGGN EQP2FGPV |
to instil best practice, insurance costs can be reduced. Internationalising schemes such as the Anaerobic

'KIGUVKQP &GTVK2ECVKQP 6EJGOG $'&6 KP VJG 8. EQWNF FGOQPUVTCVC
environmental and economic services delivered from plants.

.Shared infrastructure. Collaboration between communities and farms can negate the need to develop

multiple AD plants or connections to grid — one large plant is typically cheaper than two (or more)

smaller ones. In Denmark, large-scale centralised AD plants treat the waste from multiple local farms;
EQPUVTWEVKQP CPF QRGTCVKQPCN EQUVU CTG UJCTGF YKVJKP C EQNNC
Similarly, in the UK, centralised gas injection sites can negate the need for each plant to develop a

gas grid connection (see Portsdown Hill run by SGN). Known as the ‘hub and spoke’ model, this system
QRVKOKUGU VJG WUG QH OQPG[ CPF TGUQWTEGU 6JCTGF KPHTCUVTWEYV
of money.

.Reducing residence time. Research and innovation are continually improving the time required to digest
feedstocks, from new pre-treatment techniques to improve biological communities. Time spent in the
digester is known as the residence time, and by reducing the residences time’ duration, the smaller

the capacity of a digestion tank is required. This can greatly reduce the cost of construction and land.
Innovation can potential make incremental improvements without adversely impacting biogas yields.

. Standardisation of parts. Equipment could become manufactured in factories at scale, greatly cutting
the cost of bespoke plans and parts. Specialist parts and components could become cheaper for
plants of all sizes. Moreover, micro-plants could become cheaper and more accessible for homes or
communities worldwide.

Boosting revenue:

.2RVKOKUKPI GuEKIReEJucing residence time’, innovation can improve the quality, quantity

CPF QT XCNWG QH DKQICU CPF FKIGUVCVG 1GY VGEJPQNQIKGU CPF RTC/
yields, such as new biota communities, in-digester monitoring to maintain ideal digestion conditions

and optimising feedstock mixes. For example, innovation from SGTech in Israel, is able to increase

biogas yields from agricultural manure by up to 18%, while also recovering water from the feedstock and

changing nitrogen and phosphorus concentrations in the digestate.

.Creating higher-value products. :KVJ FKIGUVCVG2U GPXKTQPOGPVCN DGPG2VU CU C
valued, innovative technologies have found ways of creating higher value products with the material.

Digestate can be converted to a domestic gardening fertiliser, for nursery plant pots, or even used to

grow algae, which may be used as a low carbon animal feed.

5GUGCTEJ CPF KPPQXCVKQP RNC[ CP KPUVTWOGPVCN TQNG KP KORTQXKPI |
6RGEK2E HWPFU ECP JGNR VCEMNG MG[ DCTTKGTU KPJKDKVKPI VJG ECRCEK
industry must seek to bring down costs wherever possible, albeit via new technologies or innovative

approaches, to help make AD more accessible worldwide. Although cutting expenditure should never come

at the cost of best practice.

BIOGAS: PATHWAYS TO 2030 WORLD BICGAS ASSOCIATION 43



2.4.2 Key barrier: Competency

The successful development and operation of an AD plant, of any size, requires professionals with a diverse
UGY QH UMKNNU CPF GZRGTVKUG $NN UVCIGU QH VJG UWRRN[ EJCKP YKNN
appreciating the complexities and their long-term operation (>20 years).

As an industry, we must ensure all AD plants are run in
line with best practice. To address this, initiatives such
CU VJG $PCGTQDKE 'KIGUVKQP &GTVKZ2ET
help demonstrate a plant’s commitment to optimal
operation — improving health and safety, boosting output
and enhancing environmental services. Starting in the

CERTIFICATION
8. $'&6 GUVCDNKUJGU EQP2FGPEG K M%M&I
industry best practice reduces all types of risk, thus

reducing interest rates and insurance premiums, and inspires trust in the wider industry.

ANAEROBIC
*E'DRGESTION

A growing biogas industry will create new green jobs. The following details some of the key roles needed
within a well-run biogas industry:

.Entrepreneurs / Developers / Operators. To identify opportunities to obtain quantities of organic waste

CPF DGPG2V HTQO VIJGKT VTGCVOGPV 7JGUG RTQHGUUKQPCNU WPFGTUV
environmental services to unlock their commercial value. They can negotiate with local farmers to utilise

the resultant digestate and implement a circular economy. These roles have an appreciation of the

GPVKTG UWRRN[ EJCKP QH $" CPF YQTM VQ QRVKOKUG KVU QWVRWYV CPF

.Engineers. 7Q FGXGNQR UCHG CPF G*EKGPV RNCPVU (PIKPGGTU WPFGTUVCP
and are therefore able to create bespoke solutions to barriers. Engineers with AD-specialism can help

make AD accessible to all, from a remote community to a sprawling city. They can help bring the cost of

AD down as new technologies and equipment are devised.

.Farmers. To recognise the value of its organic wastes, from crop residues to livestock manure, and the
ability of digestate to fertilise crops and restore soil structure. Farmers can develop their own AD plants
or work with developers to support sustainable agricultural systems. By integrating AD into agricultural
practices, farmers must play a central role in the decarbonisation of food production worldwide.

.Policy makers. To promote best practice and set regulation to prevent unintended impacts. By
WPFGTUVCPFKPI $' KVU DGPG2VU KVU TKUMU KVU QRRQTVWPKVKGU RC
UVKOWNCVG ITQYVJ CPF VCTIGVY MG[ CTGCU &QOOWPKECVKQPU HTQO IQ
certainty and enable industry to strategise — setting the ball rolling for industry growth.

.Researchers / Innovators. To continue improving AD, working to overcome barriers and push the
industry potential. They can provide expertise and advise to the current sector and future developers.

....and more: builders , feedstock brokers , vehicle manufacturers , waste managers , consultants,
regulators , etc.

Knowledge sharing is key. People have been anaerobically digesting wastes for hundreds of years — the

industry has learnt from past mistakes and increasingly unlocked more value from organics. While the

biogas industry will continually improve, expertise and experience can be shared worldwide. Many biogas

companies have successfully expanded internationally (e.g., Suez) to apply their knowledge within new

OCTMGVU CFCRVKPI VQ OGGV FKZGTGPV EWNVWTGU CPF RQNKE[ 0QTGQXG
governments may establish international initiatives to export experience and equipment to growing markets.
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2.4.3 Key barrier: Other

While costs and competency are the most evident barriers inhibiting biogas growth worldwide, additional
barriers can slow the uptake of technology. Policymakers and industry professional should be aware of these
comparatively minor barriers and consider changing the system to help stimulate growth:

.Feedstock availability. As discussed above, an AD plant can be a long-term, expensive venture.
Consequently, a plant requires plans to secure feedstock for multiple years; whether that is a contract
with a city council to treat domestic food waste or a partnership with some local farms to digest cattle
OCPWTG *QXGTPOGPV RQNKE[ ECP RTQOQVG KPFWUVT[ EQP2FGPEG CPF
necessary for investment.
See Chapter 4: Sector policies for more detail.

.Environmental legislation. Most typically, digestate management. Rules governing the application of
HGTVKNKUGTU CTG QHVGP ETGCVGF YKVJ VIJG WUG QH PQP TGPGYCDNG
may be subsequently adapted to account for digestate spreading, regulation is not always appropriate
for digestate, failing to achieve their key objectives, such as avoiding eutrophication. Digestate
URTGCFKPI QZGTU GPXKTQPOGPVCN DGPG2VU YJKEJ CTVK2EKCN HGTVKNH
soils). All governments have the opportunity to consider their priorities and introduce bespoke policy to
encourage digestate utilisation — converting environmental legislation from a barrier to an incentive.

See Chapter 5: Digestate policies for more detalil.

.Installed infrastructure. While one of biomethane’s key advantages is its compatibility with existing

natural gas infrastructure, not all countries have national gas grids, gas vehicles or gas cookers —

diminishing the perceived value of biogas. However, biogas is highly versatile and can help solve

problems at all scales. If a country seeks to decarbonise domestic boilers, biomethane can substitute

natural gas in the grid. If a city requires low carbon transport, biomethane could fuel buses, waste

collection vehicles or lorries. If a town needs to slow deforestation and improve household air quality,

biogas could provide a clean source of energy. Governments must identify their long-term priorities and

KPXGUV ,PFWUVT[ ECP OGGV VIJGUG PGGFU CPF FGNKXGT VJG DGPG2VU |
See Chapter 6: Biogas utilisation policies for more detalil
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Chapter 3: International and National
Climate Policy

As the urgency of the climate crisis has risen up the agenda in the international community, the political

will to cooperate and act together on this global challenge has allowed for international policies to be
developed with greater weight behind them. Overarching climate agreements and supporting policies set
the framework within which action is to be taken on carbon emissions, including the development of the
biogas industry and domestic policies to supportit. See Global Climate Policy Timeline, p47. In this chapter,
we explore how the likes of the Paris Agreement and its accompanying Nationally Determined Contributions
(NDCs), the UN'’s Green Climate Fund, the EU’s Methane Strategy, and the various carbon pricing policies
impact the biogas industry, as well as provide recommendations for how such frameworks can be improved

VQ DGVVGT KPEGPVKXKUG VJG DGPG2VU FGNKXGTGF D[ VJG UGEVQT :G YKN

fossil fuel production and consumption, greenhouse gas reduction commitments, fossil fuel free targets, zero
emissions targets, and air quality targets — to name a few. Overarching climate policies are in place at the
global, regional and national level, and we will look at each in turn.

3.1 Global level

The climate crisis is a global issue that no single country can tackle alone. Cooperation is vital to deliver the
objective of limiting warming to 2°C or below, and the Paris Agreement already commits many countries

to working towards this together. The Climate Policy Initiative 3% has calculated the cost of transitioning to a
sustainable global economy at US$3.8 trillion, or circa 5% of global GDP. While this cost is an investment in a
future free from environmental devastation and its associated economic disruption, mobilising that amount of

OQPG[ TGSWKTGU INQDCN CEVKQP 3QNKE[ OGEJCPKUOU CV VJG INQDCN NG

and supporting regional actors and national governments to urgently develop supportive policies in their own
geographies. It is also critical that a joined-up approach is taken to ensure that emissions reductions made in
one place are not just exported to a country or region with more lenient climate policies.

As we have seen in the Chapters 1 and 2, anaerobic digestion (AD) technologies have a critical role to play
in achieving a green economy, both in terms of decarbonisation, through optimal waste management,

and defossilisation, through the replacement of fossil fuels. The implementation of policies which stimulate
the development of biogas to deliver this may also contribute towards the achievement of 9 of the 17 SDGs
nations have committed to achieving by 2030.

It is how these global policies translate to regional and domestic markets that is of most interest while we

are still some way away from seeing the shift needed in how the environmental impact of all industries are

priced globally. Carbon pricing mechanisms are starting to develop at the national and regional level, but

it is not until a comprehensive global carbon market is developed that the carbon saving delivered by a

waste management and biogas industry will be fully factored into investment decisions, enabling growth
YKVIQWY TGNKCPEG QP PCVKQPCN CPF TGIKQPCN RQNKVKECN YKNNU
damage caused by carbon emissions through climate change. In the meantime, global climate initiatives are
unlocking investment that can feed through to biogas, and spur local policy development that is critical to

maturing domestic biogas sectors.

3.1.1 The Paris Agreement and Nationally Determined Contributions

The Paris climate treaty of 2015 committed the 196 signatories to enact policies at a national level consistent
with the target of limiting global warming to well below 2°C, preferably 1.5°C, by 2100 compared to pre-
industrial levels.

The United Nations Framework Convention on Climate Change (UNFCCCY*® administers the Paris Agreement
and hosts an annual Conference of Parties (COP). The latest, COP26%, will be hosted by the United Kingdom
in collaboration with Italy in November 2021, in Glasgow, Scotland.

3JVVRU ENKOCVGRQNKE[KPKVKCVKXG QTI RWDNKECVKQP INQDCN NCPFUECRG QH ENKOCVG 2PCPEG
3 https:/unfcce.int/

$7https:/ukcop26.org/

7JG |
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Environmental services delivered

Global Climate Policy Timeline

(1) Set ambitious green targets

There is no doubt that the future is green — business as usual is no longer an option. By setting a suitably
bold target, governments and companies can place themselves at the forefront of the transition. Green
VCTIGVU IKXG UVCMGJQNFGTU VJG EQP2FGPEG VQ RNCP CJGCF U
new jobs and development of new services.

(2) Estimate the quantity of organic wastes produced and detail a management plant
Methane emissions from waste must be addressed. Strategically plan how these bioresources should

DG OCPCIGF VQ FGECTDQPKUG VJG UGEVQT 'WG VQ VJG 3GZKDKN
QRRQTVWPKV[ VQ KFGPVKH[ KVU OQUVY FGUKTCDNG DGPG2VU CPF
Again, establishing a clear plan provides certainty necessary for investment and industry development.

This includes incorporating biogas into every country’s NDC.

(3) Divest from fossil industry and reallocate funds to green solutions

The fossil industry continues to be supported by public funds worldwide, particularly for the exploration
of new resources. Fossil fuels need to remain in the ground. This money would be better spent funding
green infrastructure and innovation, aiding the cost competitiveness and provision of future-proof
solutions and supporting a just transition. Establishing green banks can help divert these key funds.

(4) Price carbon and natural capital within markets

By adequately accounting for the cost of the environmental damage incurred from GHG emissions,

all sectors will be incentivised to decarbonise and integrate sustainable practices. Climate change is

C INQDCN KUUWG YJGTG KP OCP[ ECUGU VJG YQTUV GZGEVU YK
driving the change. Countries must protect their biodiversity, habitats and population from the impacts

of climate change.

Biogas industry maturity
Number of plants, investment potential, policy implementation
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United Nations Framework Convention on Climate Change (UNFCCC)
A global treaty of 197 countries established to support a multinational response to climate change and
its harmful impacts.

Paris Agreement
Developed as part of the UNFCCC, this agreement between member states establishes a global target
to keep global warming below 2°C.

Nationally Determined Contributions (NDCs)
0OGODGT UVCVGU CTG TGSWKTGF VQ UWDOKYVY CP 1'& QPEG GXGT[ 2XG [GCT
their GHG emissions to help deliver the Paris Agreement’s central objective.

Conference of the Parties (COP)
An annual conference to discuss actions taken to cut emissions and mitigate the impacts of climate
change. NDCs are presented during COPSs.

The target commitments established by the UNFCCC as part of the Paris Agreement include a mechanism by
which each nation declares how it will achieve emissions reductions consistent with maximum 2°C warming
by 2100, known as the Nationally Determined Contributions (NDC)2,

A selection of impacts of climate change — 1.5°C versus 2.0°C

Impact +1.5°C +2.0°C
Sea level rise by 2100 48cm 56cm
$PPWCN 2QQF FCOCIG NQUUGU HTQO UG USH GX@NoTKUG US$ 11.7 trillion
Probability of an ice-free Artic summer in any one year 3% 16%
Annual maximum daily temperature L7 +2.6°C
Population facing at least one severe heatwave every 5 years 14% 37%
Frequency of rainfall extremes over land +17% +36%
Average drought length 2 months 4 months
Average crop yield change by 2100 Maize: -6% Maize: -9%
Wheat: -5% Wheat: -4
Suitability of drylands for malaria transmission Drylands: +19% Drylands: +27%
Humid lands: +6% Humid lands: +8%

Data and more impacts from the Carbon Brief %

“The Paris Agreement (Article 4, paragraph 2) requires each Party to prepare, communicate
and maintain successive nationally determined contributions (NDCs) that it intends to achieve.

Parties shall pursue domestic mitigation measures, with the aim of achieving the objectives of
such contributions.”

3 https:/unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs/nationally-determined-contributions-ndcs
®JVVRU KPVGTCEVKXG ECTDQPDTKGH QTI KORCEVU ENKOCVG EJCPIG QPG RQKPV 2XG FGITGGU VYQ FGITGG

40 https:/unfcce.int/process-and-meetings/the-paris-agreement/the-paris-agreement/nationally-determined-contributions-ndcs
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Paris Agreement timeline (WRI)#*
*Note, the 2020 deadline for new or updated NDCs (blue circle) was pushed back to 2021 due to Covid-19 and the
postponed COP26.

At COP21, where the Paris Agreement was adopted, countries presented their “intended” NDCs (INDC).
These varied considerably, with European Union nations adopting a collective target to reduce domestic
GHG emissions by at least 40% by 2030, compared to 1990, and others such as Tanzania committing to
“reduce GHG emissions economy wide between 10-20% by 2030 relative to the BAU scenario of 138 - 153
million tonnes of carbon dioxide equivalent (MtCO _e)*. The disparity in how targets are presented shows the
complexity inherent in the NDC process.

Within the NDCs, nations also set out the instruments that will be implemented to deliver their stated goals.
Taking the EU’'s NDC as an example, a whole array of measures is foreseen across the economy. These
include Energy, Industrial Processes and Product Use, Agriculture, Waste, Land Use and, for the purposes
of our report, “Biological treatment of solid waste”. Tanzania in its NDCs also proposes similar interventions
across sectors including Energy, Transport, Waste and Forestry.

It is important that as nations incorporate the management of organic wastes and biogas into their NDCs,
they clearly state the intended mechanisms to be used to support the industry.

$U QH )GDTWCT] PCVKQPU JCXG RTGUGPVGF VJGKT 2TUV 1'& VQ VJG 8
updated their NDCs with a second version, as required by the Paris Agreement. This second round of NDCs is
ETKVKECNN[ KORQTVCPV (OKUUKQPU TGOCKP®HCT QZ VTCEM HQT INQDCN E

§:CNMKPI KPVQ C OKPG2GNF DNKPFHQNFGF"™ ¥ VJG 81)&&& FGUETKDGU EQWP
warming to less than 2°C.

Waste management remains overlooked within nations’ climate strategies. The wholesale adoption of biogas,
through its ability to prevent methane emissions and mitigate further carbon emissions through its outputs,
could put the world back on track to keep emissions below 2°C given that it is practically possible to achieve
at least a 10% global reduction in GHG emissions by 2030 if the right policy mechanisms are put in place.

“ywww.wri.org/ndcs
“https:wvww4.unfccc.int/sites/ndcstaging/Pages/Party.aspx?party=TZA&prototype=1

“www.carbonbrief.org/unep-net-zero-pledges-provide-an-opening-to-close-growing-emissions-gap
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NDCs are the mechanism through which commitments can be made by member nations to implement

systems to manage organic wastes and subsequently develop the biogas industry, as part of their action to

meet the Paris Agreement. It is vital that carbon savings secured through the collection and management of

organic wastes (or bioresources), along with their treatment and recycling through AD, are recognised and
KPEQTRQTCVGF KPVQ GCEJ EQWPVT[3U 1'& 7CMGP HTQO &CTDQP %TKGH GFI

5GEQIPKVKQP QH $' DKQICU YKVJKP EQWPVTKGU®? 2TUV 1'&

7JG HQNNQYKPI YQTNF OCR JKIJNKIJVU VIQUG EQWPVTKGU VJCV KPENWFGF
ability to cut GHG emissions. The two shades of blue distinguish between NDCs that simply mention biogas or

related activity (light blue) and those which go into more detail, such as setting targets for investment, plant

numbers or energy output (dark blue). Textboxes include biogas-related excerpts from these NDCs.

In total, 24 NDCs acknowledged AD or biogas. The combined emissions of these countries account for just

QH INQDCN GOKUUKQPU +QYGXGT VJKU ITQWR KPENWFGU VJTGG EQWPV
for biogas: Japan, Indonesia, and Pakistan. These countries not only have a high potential for biogas, but also
EQPVTKDWVG UKIPK2ECPVN[ VQ VQVCN YQTNFYKFG GOKUUKQPU

:JKNG QPN[ VIJGUG EQWPVTKGU FGUETKDGF C TQNG HQT $' QT DKQICU URGE
for bioenergy in a broader sense. In total, 52 NDCs discuss biogas, biofuels or biomass, recognising the need

VQ FGECTDQPKUG GPGTI[ U[JUVGOU 'GRGPFKPI QP VJG IGQITCRJ[ QH C EQW
energy are prioritised. The combined emissions from these countries account for 65% of global emissions,

owing largely to the inclusion of China, the EU, Brazil, and India.

All NDCs should include a section of wastes, estimating quantities produced, the emissions they cause, and
how they will be managed in the future. Using the tools provided in this report (see Section 2.3 Estimating
biogas potential), countries should estimate their decarbonisation potential available if organic wastes are
GZGEVKXGN[ OCPCIGF
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Vietnam
“Widely replicate
technologies that treat
and reuse by-products
and waste from
agricultural production,
to produce animal feed,
mushrooms, materials for
industries, biogas, and
organic fertiliser”

Turkey Uzbekistan Nepal
“Recovering energy from “Development “Additional
waste by using processes and broad 220 MW of
such as material recycling use of electricity from
of wastes, bio-drying, alternative bio-energy by
bio-methanisation, and energy 2030, including
composting” sources... 130,000
creation of household
biogas plants” systems, 1,000
institutional and
200 community
biogas plants”

Burkina Faso
“Unconditional investment of
US$19.7m for bio-digesters,
rising to US$189m based on

international support.
& Plan to equip 75,000
homes with biodigesters,
with digestate used to
fertilise 750,000 ha of
cultivable land”

Ghana
“US$5m for 200 large-scale
bio-digesters”

Indonesia
“Biodigester
management
for communities’
wastewater”

Pakistan

QStronger inclusion of biogas

QWeaker inclusion of biogas
No inclusion of biogas

“The agriculture sector
QZGTU RTQOKUKPI
for rationalising the use of
fertilisers and improving
soil carbon management,

Zambia

“Sustainable agriculture integrating

rural biogas plants” for the
generation of electricity from
agriculture waste”

promoting the use of biogas as

a fuel and sustainable forest
management for reducing
emissions from deforestation
and forest degradation”

Japan
“Introduction of
electricity-generating
wastewater processing
through AD”

The Climate Action Tracker** assesses
countries latest NDCs to determine
whether their decarbonisation pathway
is compatible with the Paris Agreement [ sxcna )
—i.e., whether or not a country would do s
its part in preventing global warming

of more than 1.5°C. At present, the

Tracker suggests only two countries’

1'&U CTG UW<EKGPVN[ CODKVK
some of the largest global emitters

(China, USA and EU) fail to deliver on the il
necessary targets. Almost all countries’

decarbonisation targets must be far

more ambitious.
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&NKOCVG 2PCPEG OGEJCPKUOU ¥ ETGCVKPI C NGXGN RNCJ[K

Under the Paris Agreement, governments have agreed to hold global warming to well below 2°C and pursue

GZQTVU VQ NKOKV YCTOKPI VQ *& ,P VIGKT 1'&U IQXGTPOGPVU RWV HQT
INQDCN IQCN 7JGTG KU PQ OGEJCPKUO QT IWKFGNKPG VQ FG2PG YJCV YQW
JKUVQTKE CPF EWTTGPV GOKUUKQPU 5CVJGT EQWPVTKGU CITGG VQ RTGUG
CODKVKQP2 CPF ©EQOOQP DWV FKZGTGPVKCVGF TGURQPUKDKNKVKGU CPF 1
national circumstances.

This latter principle requires developed country 3CTVKGU VQ RTQXKFG 2P CP H&EIbhitgGCUQWTEG U
country Parties in implementing the objectives of the UNFCCC. To facilitate this, the Convention established

C )KPCPEKCN OGEJCPKUO VQ RTQXKFG ENKOCVG #P GMNEKD QG- EXTCAEBRKBHET
NQECN PCVKQPCN QT VTCPUPCVKQPCN 2PCPEKPI FTCYP HTQO RWDNKE RT
that seeks to support mitigation and adaptation actions that will address climate change.

7TTCPUPCVKQPCN 2PCPEG

The Global Environment Facility (GEF)*® YCU HQTOCNN[ GUVCDNKUJGF KP CU C 82PCPE
serve multiple international environment conventions, including the UNFCCC. It has funds held on account

which amount to US$4.1 billion for the period 2018-2022, with funds replenished by the 40 GEF donor

countries every four years. These are allocated to be spent not just on climate change mitigation and

CFCRVCVKQP DWV QP QVJGT RTQLGEVU FGGOGF DGPG2EKCN VQ VJIG GPXk
protection. The GEF has been used to support biogas projects in a number of low-income countries.

The Clean Development Mechanism (CDM), established in 2006 as part of the Kyoto Protocol (the

precursor to the Paris Agreement), works to direct funding from the global north to the global south. It

CNNQYU FGXGNQRGF EQWPVTKGU VQ HWPF GOKUUKQPU TGFWEVKQP RTQL
emissions reductions credits. These credits then count toward the developed country’s own emissions

reductions targets. While the CDM is seen as a trailblazer in many ways, the policy has been criticised for

allowing developed countries to continue polluting. That said, the CDM has supported the development of

several biogas projects in the global south, delivering industry growth in countries where domestic funding

for AD is limited, and we would recommend continued use of the mechanism to support such projects.

Building on the CDM, the UNFCCC set up the Green Climate Fund (GCF)in 2010, creating the world's

NCTIGUV FGFKECVGF HWPF VQ 2PCPEG *+* GOKUUKQP TGFWEVKQPU KP VJ(
for funding climate adaptation and mitigation projects in the Global South, particularly societies that

CTG JKIIJN[ XWNPGTCDNG VQ VJG GZGEVU QH ENKOCVG EJCPIG &WTTGPVN
2PCPEKPI VJG *&) VQ VJG VCTIGV QH 86 DKNNKQP ,PFGGF CV VJG VKO
transfers to the GCF amount to US$10.3 billior?, just over 10% of the target®®. Developing nations access

the GCF through local Nationally Designated Authorities (NDAS) of which there are now 147. One such

successful application was made by the City of Karachi, Pakistan, to enable the use of fuel produced by

DKQICU HQT VJG NQECN EKV[ VTCPURQTV 3GGVY C RGTHGEV GZEORNG QH
2VJGT GZCORNGU 2PCPEGF D[ VJG *&) KPENWFG C LQKPV .C\CMJUVCP (I[R\
KPENWFKPI DKQICU RTQFWEVKQP CPF UWRRQTV HQT VJG HGGF KP VCTKZ

&NGCTN[ CV EWTTGPV HWPFKPI NGXGNU VJG CEEGUU VQ 2PCPEG HQT NQY K|
RTQLGEVU KU UKIPK2ECPVN[ DGNQY VJG NGXGNU CITGGF KU TGSWKTGF CPF
OCMG VIG PGGFGF KPXGUVOGPVU VQ CEJKGXG VJG 3CTKU VCTIGVU 7JG 81(
YIJKNG PCVKQPU JCXG CFXCPEGF KP RNCPPKPI JWIG ICRU TGOCKP KP 2PCPI
adaptation projects to the stage where they bring real protection against climate impacts such as droughts,

SQQFU CPF UGC NGXGN TKUG

%$JVVRU WPHEEE KPV VQRKEU ENKOCVG 2PCPEG VJG DKI RKEVWTG ENKOCVG 2PCPEG KP VJG PGIQVKCVKQPU
“www.thegef.org/

47www.greenclimate.fund/about/resource-mobilisation

48 www.greenclimate.fund/about/partners/nda

“www.greenclimate.fund/project/fp085

S0 www.greenclimate.fund/news/energy-transition-accelerates-with-gcf-support
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7JG TGRQTV UC[U RWDNKE CPF RTKXCVG 2PCPEG HQT CFCRVCVKQP OWUV D(
implementation. Nature-based solutions (NBS) — locally appropriate actions that address societal challenges,

UWEJ CU ENKOCVG EJCPIG CPF RTQXKFG JWOCP YGNN DGKPI CPF DKQFKXG
OCPCIKPI CPF TGUVQTKPI PCVWTCN QT OQFK2GF GEQUJUVGOU ¥ OWUV CNUQ

7JG FG2PKVKQP QH YJCV KU C 1%6 KU DTQCF CNNQYKPI HQT GEQ U[UVGOU
rewilding, and the development of green infrastructure compatible with circular economy principles, such as
AD.

Consequently, 2021 is expected to be a pivotal year for climate action.

Ahead of COP26, which the UK hosts in November, PM Boris Johnson told the UN Security Council in February

that climate change is as much a security issue as it is an environmental one. In his speech to the Council he

said, “climate change is a geopolitical issue every bit as much as it is an environmental one. And if this Council

is going to succeed in maintaining peace and security worldwide then it's got to galvanise the whole range of

81 CIGPEKGU CPF QTICPKUCVKQPU KPVQ C UYKHV CPF GZGEVKXG TGURQPUC

“If we don’t act now, when will we act? That’s my question. When are we going to do something if we don’t act

PQY" :JGP EJCPIKPI UGC NGXGNU CTG CZGEVKPI QWT PCXKICVKQP CTQWPF «
YIGP JWFFNGF OCUUGU 3GGKPI FTQWIJV QT YKNF2TG QT EQP3KEV QXGT TGL
you like it or not, it is a matter of when, not if, your country and your people will have to deal with the security

impacts of climate change.” 52

OT -QJPUQP CNUQ UCKF VJG 8. YKNN RNCEG ©OENKOCVG EJCRIGIENGN] CV VIC
as well’.

The World Economic Forum (WEF)in their annual Global Risks Report said that despite the inescapable

fallout from Covid-19, it is climate-related matters that make up the bulk of this year’s risk list, which it
describes as “an existential threat to humanity.” The WEF's vision is of a “great reset” across seven key themes:
environmental sustainability; fairer economies; “tech for good”; the future of work and the need for reskilling;
better business; healthy futures with fair access for all; and “beyond geopolitics” - national governments
collaborating globally.

Top Risks Top Risks
by likelihood by impact

Extreme weather Infectious diseases

Climate action failure Climate action failure
Human environmental damage Weapons of mass destruction
Infectious diseases Biodiversity loss
Biodiversity loss Natural resource crises
Digital power concentration Human environmental damage
Digital inequality Livelihood crises
Interstate relations fracture Extreme weather

Cybersecurity failure Debt crises

QOO0 OOOOO
Q0O POOGOOOOO

Livelihood crises IT infrastructure breakdown

From the World Economic Forum’s Global Risks Report. Risks’ likelihood and impact colour coded such that economic (blue),
environmental (green), geopolitical (orange), societal (red), and technological (purple).

Stwww.unep.org/resources/adaptation-gap-report-2020

52www.gov.uk/government/speeches/pm-boris-johnsons-address-to-the-un-security-council-on-climate-and-security-23-february-2021
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7Q CFFTGUU VIGUG EQPEGTPU VJG ENKOCVG 2PCPEG ICR YKNN JWodds VQ DG
Bank Group WBG) CPPQWPEGF C VCTIGV HQT QH KVU 2PCPEKPI VQ JCXG ENKOC
QXGT VJG PGZV 2XG [GCTU 7JG DCPM YKNN CNUQ UGGM VQ GPUWTG VJCV
resilience.

The WBG is already the biggest multilateral funder of climate investments in developing countries. The co-

DGPG2VU VCTIGV QH DI YCU GUVCDNKUJGF CU RCTV QH VJG %CPM *TQ
BNCP EQXGTKPI 7JG PGY CXGTCIG EQ DGPG2VU VCTIGVY YKNN DG
Change Action Plan, which will cover 2021-2025.

Between 2016 and 2020, WBG institutions — the World Bank, IFC, and MIGA — provided over US$83 billion

KP ENKOCVG 2PCPEG VQ FGXGNQRKPI EQWPVTKGU 7JKU VTCPUNCVGF KPVQ
improving access to hydromet data and early warning systems for millions of people in over 50 countries. Last

year also saw the largest amount of climate investments in WBG’s history.

Through its programs, WBG says it is committed to helping countries meet their climate and development
goals, including NDCs under the Paris Agreement, reduced reliance on coal, and a strong, green, climate-
resilient recoverys2.

The WBG is one of a number of Multilateral Development Banks (MDBSs), alongside the Islamic Development

Bank (IsDB), the Inter-American Development Bank Group (IDBG) , the European Investment Bank (EIB), the

European Bank for Reconstruction and Development (EBRD), the Asian Development Bank (ADB), and the

African Development Bank (AfDB) . Taken from the MDBs Joint Report on Multilateral Development Banks’

Climate Finance® VJG HQNNQYKPI ITCRJU FKURNC[ VJG 2PCPEG EQOOKVOGPVU HT
where this money has been spent, between 2015 and 2019:

How much has been spent?

61.6
60.0
[ wBG
c00 [ 1sbB
. — [ DBG
[ EB
41.5
40.0 % [ EBRD
/ [ ADB
[ ADB
30.0 /
c /]
o ! 4
= 20.0 %
: % o
G 735
72 m
2
0 3 36
2019 2019
Low- and middle- Total
income economies

2015-18: Climate nance in emerging 2019: Climate nance in all
and developing economies economies where the MDBs operate
S3www.worldbank.org/climate
#YYY GKD QTlI CVVCEJOGPVU RTGUU LQKPV TGRQTV QP OFDU ENKOCVG 2PCPEG RFH
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How it has been spent?

% ‘
al: Usg 41 467 et

Where has it been spent?

wo WOELEINCO,,

M
N2 &
&
(@)
0 L

76[3 /- US$ 13936 “"\\\'\0(\

TOMAL CLIMATE ANANCE BY INSTRUMENT
US$ 61,562 million

[0 Investment loan US$ 44,901 million

[ Policy-based nancing US$ 4,725 million
[ Line of credit US$ 2,750 million

[7 Grant US$ 2,739 million

[ Guarantee US$ 2,366 million

[ Equity US$ 1,510 million

[ Results-based nancing US$ 1,367 million
[ Other instruments US$ 1,204 million

Climate mitigation

MITIGATION FINANCE BY SECTQR
US$ 46,625 million

[ Transport US$ 13,614 million

[ Renewable energyUS$ 11,380 million

["] Energy ef ciency US$ 10,299 million

[T Cross-cutting issues US$ 4,193 million

[ Lower-carbon and ef cient energy generation US$ 2,024 million
[0 Agriculture, aquaculture, forestry and land-useUS$ 1,742 million
[ Waste and wastewater US$ 1,684 million

[ Low-carbon technologies US$ 1,436 million

[ Non-energy GHG reductionsUS$ 251 million

[ Miscellaneous US$ 2 million

Climate adaptation

ADAPTATION FINANCE BY SECDR
US$ 14,937 million

[ Energy, transport and other built environment and infrastructure
US$ 3,833 million

[ Wwater and wastewater systems US$ 2,954 million

[ Institutional capacity support or technical assistance
US$ 2,049 million

[ ] Cross-cutting sectors US$ 2,045 million

[ Other agricultural and ecological resources US$ 1,325 million
™ Crop and food production US$ 1,005 million

[T Coastal and riverine infrastructure US$ 682 million

"7 Financial services US$ 576 million

[ Information and communications technology US$ 237 million
[ Industry, manufacturing and trade US$ 230 million
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These MDBs have since announced their climate action targets for 2025 — including:
.C EQNNGEVKXG EQOOKVOGPV QH ENKOCVG 2PCPEG QH CV NGCUYV 86 DK
and middle-income countries
.CP KPETGCUG KP CFCRVCVKQP 2PCPEG VQ 86 DKNNKQP
.C EQ 2PCPEKPI QH 86 DKNNKQP KPENWFKPI RTKXCVG FKTGEV OQDKNK

3.2 Regional level

Regional actors, such as the European Union (EU), the African Union (AU), and the Association of Southeast

Asia Nations (ASEAN), also have a critical role to play in developing climate strategies and frameworks

within which domestic biogas industries operate. This can range from mission statements, climate

strategies, targets, and regional policy mechanisms such as the EU’s Emissions Trading System (EU ETS),

YIJKEJ FGXGNQRGF VJG 2TUV OWNVKPCVKQPCN ECTDQP OCTMGV &QQRGTCV
allow for greater ambition where challenges arise getting agreement at the global level. It can also see the

development of policies and frameworks that can be tried and tested before being adopted on a larger

scale.

3.2.1 The European Union

The Covid-19 pandemic and associated economic crisis have focused minds, requiring as the WEF say “a
great reset”. Nowhere is this need for ‘systemic change’ more evident than within the European Union, which
has linked the pandemic recovery to the development of a ‘sustainable Europe’ —which had previously been
targeted in the EU’s Green Deal. These policies are now aligned to address sustainable growth across the
economy.

The EU uses a combination of approaches to deliver coordinated action on climate change among member
states. These include targets for the region, with connected targets for member states; strategy documents
VIJCV QWVNKPG CEVKQP VQ DG VCMGP QP URGEK2E VQRKEU CPF RQNKE[ OG

AD technology has recently become increasingly evident in EU actions to tackle climate change. In October
2020, the EU released its Methane Strategy %5, that sets out the urgency of tackling these harmful emissions
and the key role of AD in doing so across the agriculture and waste sectors. The focus of attention is on
agriculture, which is by far the largest cause of methane emissions associated with human activity. The EU
calculates it is responsible for 53% of the total, with the waste sector accounting for 26% and energy 19%.

The strategy says, “Non-recyclable human and agricultural waste (i.e., manure) and residue streams can

DG WVKNKUGF KP CPCGTQDKE FKIGUVGTU VQ RTQFWEG DKQICU QT KP DKQT
intermediate bio-chemicals. The biogas resulting from such feedstocks is a source of highly sustainable and

useful renewable energy with multiple applications, while the material that remains after anaerobic digestion

(digestate) can, after further processing, be used as a soil improver”

“This in turn reduces the requirement for alternative soil improving products, such as synthetic fertilisers

of fossil origin. Moreover, in line with the waste hierarchy, the waste-based biodegradable input into

DKQTG2PGTKGU CPF DKQICU RNCPVU ECP EQWPV VQYCTFU OWPKEKRCN YCU
(& 7JG TQNG QH UWUVCKPCDNG DKQICU RTQFWEVKQP KP EQPVTKDWV

has been recognised in the recently published EU strategies for energy-system integration and hydrogen.”

The EU intends to use the Methane Strategy to set an international benchmark.

Furthermore, Agricultural Ministers of the EU27 agreed a revised Common Agricultural Policy (CAP) on

20th October %8, in which the role of organic carbon replenishment and storage in soils was underlined as a
priority to ensure long-term soil quality 3. Such a policy stimulates the market-place for the use of organic soil
improvers, among them compost and digestate, produced by biogas plants. EU policy announcements are
supported by funding which, over the four-year period to 2025, could reach US$ 1 trillion or more in loans,
direct investments, grants, and subsidies.

$JVVRU GE GWTQRC GW GPGTI[ UKVGU GPGT 2NGU GWAOGVJCPGAUVTCVGI[ RFH GWTQRC GW
% www.consilium.europa.eu/en/policies/cap-future-2020/
YYY GWTQRCTN GWTQRC GW PGYU GP JGCFNKPGU UQEKGV] 672 GWTQRG U QPG VTKNNKQP ENKOCV
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Meanwhile an important policy mechanism is under review, the European Union Emissions Trading Scheme

(EUETS) YJKEJ FGXGNQRGF VJG 2TUV OWNVKPCVKQPCN ECTDQP OCTMGV :G Y
VJCV ECP ICKP UKIPK2ECPVY ECTDQP CDCVGOGPV HTQO VJG WUG QH DKQICU
agriculture and waste management.

JKPCNN[ VJG (8 KU FGXGNQRKPI C VCZQPQO[ C ENCUUK?2ECVKQP U[UVGO G
sustainable economic activities. The EU taxonomy is an important enabler to scale up sustainable investment

and to implement the European Green Deal. It will determine such things as whether energy from waste (EfW)

ECP DG EQPUKFGTGF TGE[ENKPI =GTQ :CUVG (WTQRG KU NQDD[KPI JCTF HQ
VQ FTKXG 2PCPEG VQYCTF $' YJKEJ KV UC[U OGGVU VJG FG2PKVKQP QH TGE
Finance will drive the inclusion of biodiversity, circular economy, water systems and pollution prevention and

control into the taxonomy, likely at the end of this year (2021). In addition, the Sustainable Finance Disclosure
5GIWNCVKQP 6)'5 VQ DG KORNGOGPVGF KP RJCUGU HTQO VJ 0CTEJ Y K
participants to access and disclose sustainability risks across all asset classes or explain why they have not

been considered, under the EU Action Plan.

3.2.2 The African Union

The African Union’s Department of Rural Economy & Agriculture (DREA) leads on the promotion of sustainable
management of the environment and natural resources. This work has focused on advancing Africa’s Climate
Change Agenda, strengthening its position in global climate negotiations and facilitating coordination around
the African Common Position on Climate Change, and the development of an African Climate Change
Strategy *°.

The DREA also works to enhance the capacities of Member States to access quality environmental and

climate information to inform policy decision making, as well as make best use of available funding from

Multilateral Environmental Agreements. It has also supported the implementation of the Great Green Wall

HQT VJG 6CJCTC CPF 6CJGN ,PKVKCVKXG VQ EQODCV NCPF FGITCFCVKQP C
focused on advancing the African Water and Sanitation agenda, which ties in closely to the role AD can play

in sustainable wastewater treatment. There are a number of ways that AD and biogas projects can deliver

against the climate objectives of the African Union and we recommend greater coordination of support for

VJG KPFWUVT[ VQ WPNQEM VJGUG DGPG2VU

In the 2019 Joint Report on Multilateral Development Banks’ Climate Finance, Dr Anthony Nyong, Director of

Climate Change and Green Growth at the African Development Bank, noted, “Our investments that contribute

VQ VJG IQCNU QH VJG 3CTKU $ITGGOGPV EQPVKPWG VQ ITQY 7JG ENKOCVG
from US$3.2 in 2018 to US$3.5 billion in 2019 — representing 35% of total project approvals worth US$10.2

DKNNKQP " 7JG NCTIGUV ENKOCVG 2PCPEG KPXGUVOGPVU YGTG OC¥G KP VJ(

7JG %CPM GZEGGFGF KVU VCTIGVY QH CEJKGXKPI RCTKV[ DGVYGGP CFCRVCYV

QH KVU ENKOCVG 2PCPEG TGUQWTEGU VQ CFCRVCVKQP CPF VQ OKVKIC
ENKOCVG 2PCPEG KU CNNQECVGF VQ OKVKICVKQP 0QTG INQDCN GZQTVU CT
and adaptation in Africa.

“As African economies face the devastating impacts of the Covid-19 pandemic, slacking action or redirecting
2PCPEKCN TGUQWTEGU HTQO ENKOCVG EJCPIG YKNN HWTVJGT EQORQWPF V
manner,” Dr Nyong cautioned.

58 www.cewep.eu/waste-to-energy-in-eu-taxonomy
%9 https:/au.int/en/directorates/environment-climate-change-water-land-and-natural-resources
©YYY CHFD QTlI GP FQEWOGPVU LQKPV TGRQTV OWNVKNCVGTCN FGXGNQROGPV DCPMU ENKOCVG 2PCPEG
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3.2.3 The Association of South East Asian Nations

Collectively ASEAN countries have been long-standing and vociferous campaigners for global action on
climate change. The organisation is engaged with the UNFCCC in developing a monitoring and reporting
system to allow the region to take advantage of carbon markets. An ASEAN Working Group on Climate
Change (AWGCC) has been established to coordinate regional initiatives to support ASEAN Member States in
implementing mitigation and adaptation measures.

$6(%$1 UGV CPF GZEGGFGF KVU GPGTI[ G°EKGPE[ VCTIGV HQT TGFWEKPI ¢
compared to 2005 levels. The next target is to reduce energy intensity by 30% by 2025.

Additionally, ASEAN also set a target to increase the component of renewable energy mix by 23% by 2025.

On land transport, ASEAN aims to reduce the average fuel consumption per 100 kilometres of new light-duty

vehicles sold in ASEAN by 26% between 2015 and 2025. Climate change initiatives are being undertaken by

various relevant ASEAN sectoral bodies linked to the environment, forestry, agriculture, energy, transport, and

disaster management. Increasing adaptive capacity now through development planning ASEAN projects the

CPPWCN DGPG2V HTQO CXQKFGF FCOCIG KU NKMGN[ VQ GZEGGF VJG CPPW
reach 1.9% of GDP, compared to the cost at 0.2% of GDP.

Brunei
Cambodia
Indonesia

Laos

Malaysia
Myanmar

The Philippines
Singapore
Thailand
Vietham

3.3 National level

While global and regional initiatives play an instrumental role in setting targets, recommending strategies

and providing robust research, it generally falls on individual countries and their governments to implement
the laws required to drive change. As nations look to recover from the impact of the coronavirus, there are
positive signs that many countries are focused on delivering a green recovery, amid a chorus of warnings that
the climate crisis will destabilise the global economy to a magnitude far greater than experienced during the
pandemic.

In May 2020, two of the world’s leading economists Joseph Stiglitz and Nicholas Stern issued a working paper

calling for a green recovery from the Covid-19 pandemic. Ahead of publication, the authors surveyed 231

2PCPEG EJKGHU HTQO EQWPVTKGU KPENWFKPI CNN * PCVKQPU VQ CUEC(
recovery packages.
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The results were in favour of a green recovery. The report states, ‘Our results suggest that, in many cases,
GZRGTVU VJKPM VJCV ENKOCVG RQUKVKXG RQNKEKGU CNUQ QZGT UWRGTKC

The paper says that pound for pound, investment in green energy technology delivers three times as many

LQDU VJCP YQWNF DG ETGCVGF D[ KPXGUVOGPVY KP HQUUKN HWGNU CPF OC
KVGO URGEK?2E VQ NQY VQ OKFFNG KPEQOG EQWPVTKGU /0,&U VJICV KV UC
economic and climate goals. These are:

.clean physical infrastructure investment

.DWKNFKPI Ge.EKGPE[ TGVTQ?2VU

.investment in education and training to address immediate unemployment from Covid-19 and structural
unemployment from decarbonisation

.natural capital investment for ecosystem resilience and regeneration

.clean R&D investment

For LMICs, rural support spending is another high-value policy item.

7JG RCRGT YCU VJG 2TUV VQ EQKP VJG RIJTCUG ©ODWKNF DCEM DGVVGT?2 YJK
change the world over — a new social contract aligned to greater respect for nature and the environment.

At its full potential, the AD industry can create between 10-15 million skilled jobs around the globe and
address the ambitions set out in the Paris Agreement and the UN SDGs as well as meet the desire to ‘build
back better’ environmentally and socially from the Covid-19 pandemic.

7JG RQUKVKXG TGURQPUG VQ VJG 6VKINKVY 6VGTP CPCN[UKU RTQXKFGU JQI
national level will accelerate, particularly with NDCs being reviewed and refreshed in advance of the next
COP26 due to be held in Glasgow in 2021.

The World Resources Institute’s Climate Watch reports that 25 countries and the EU are currently working
toward some sort of net-zero commitment (in many cases by 2050, though some countries such as Denmark
and Finland have earlier deadlines). This year several Asian economic powers made net-zero commitments,
including South Korea and Japan (by 2050) and China — the world’s largest emitter — by 2060.

countries, representing 46.1% countries (including the 27 EU
of global emissions, have countries), representing 28.4%
stated their intention to of global emissions, have
enhance ambition or action in submitted a new or updated
new or updated NDCs NDC*!

+QYGXGT CNN VIGUG IQCNU CTG RWTGN[ CURKTCVKQPCN KH VJG[ CTG PQV
countries begin to take now, including their economic recovery plans from Covid-19 and their NDCs for the

period out to 2030. As of 31st December 2020, 75 Parties had communicated new or updated NDCs, countries
cumulatively representing approximately 30% of global GHG emissions. Ensuring that they — and those that

have not made any commitments - follow through by COP26 will be critical to get global climate action on

track.

We recommend as a key policy priority the adoption of binding GHG emission targets within the framework
of all government departments, to be supported by robust policies, and oversight of these commitments by
an independent review body.

$P GZGEVKXG OGCPU QH FTKXKPI UWUVCKPCDNG FGXGNQROGNatiorgV C PCVK(
Green Banks. A study by the Rocky Mountain Institute found that where Green Banks exist, they have a

leverage ratio of 2:3, i.e., against US$24.5bn of their own capital, $45.5bn private capital was leveraged.

Where Green Banks exist, they generally have a mandate to invest in low carbon, climate resilient projects.

Green Banks also have a symbiotic relationship with the aims of Multilateral Development Banks, opening a

potential pathway for leveraging sustainable development.

Stwww.climatewatchdata.org/2020-ndc-tracker
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Multilateral
Development

Banks Green Banks
need to: ‘ help by:

Align portfolio with Paris Agreement Having a Mandate to Invest in
Low-Carbon, Climate-Resilient Projects

Maintain Credit Rating De-Risking Projects

Incentivizing Co-Investors by

Leverage Private Capital Addressing Risk

Raising Profile of and Building Existing

el ice 8 Pipeline of Low-Carbon Projects

Staffing with Experts in Low-Carbon and
Climate-Resilient Technologies and
Transactions and Who Have Local Market
Knowledge

Build Local Financial Capacity

COUNTRIES WITH EXISTING AND
EMERGING GREEN BANKS REPRESENT

of Global

Green Banks: Income:

@Eﬂsﬂng @ Emerging . High . Upper-middle . Lower-middle . Low

*UKGIB was sold to Macquarie Group Limited in 2017, at which point it became the Green Investment Group, a private green bank.
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3.3.1 Renewable Finance

Finance is shifting in favour of sustainable solutions, both institutionally and within an emerging asset
management class associated with the transition to a green economy, in the form of renewable infrastructure
funds. The London Stock Exchange (LSE) report:

.Over 20 green funds, worth more than $10bn, are currently listed

.With over 200% increase in market capitalisation over the last 5 years, the LSE’s green funds are
experiencing particularly strong demand as existing funds typically trade on a weighted average
premium to NAV.

.More than $6bn has been raised in further capital by green funds since their listing.

Investors are increasingly concerned about the sustainability of investments so a methodology to measure the
Environmental, Social and Governance (ESG) performance of listed companies has been established. In *Your

Guide to ESG Reporting’ the LSE states, “Once upon a time, environmental, social and governance factors

were a niche interest among asset owners, asset managers, banks, brokers and investment consultants.

1Q NQPIGT ,PXGUVQTU PQY TQWVKPGN[ CPCN[UG KPHQTOCVKQP QP (6* RGT
strategic information in order to gain a better understanding of companies’ future prospects.”

(ZCORNGU QH VJG )76( *TGGP 5GXGPWGU 'G2PKVKQPU )76( *T
&NCUUK2ECVKQP 6[UVGO

Energy Generation (EG) Waste to Energy

Companies generating power through the use of domestic, agricultural and commercial refuse as fuel

for both thermal and non-thermal energy creation where the reduction of greenhouse gas emissions

KU C UKIPK2ECPV HWPEVKQP QH VJG RQYGT IGPGTCVKQP RTQEGUU GKVJG
point of generation.

Energy Equipment Bio Fuels

Companies providing goods, products and services including components, specialist materials,

bespoke manufacturing and maintenance processes, design and operational support capabilities that

enable the generation of power through the use of crops, plants and other organic materials as fuels

YJGTG VIG TGFWEVKQP QH ITGGPJQWUG ICU GOKUUKQPU KU C UKIPK2ECP
process either on a life-cycle analysis basis or at the point of generation.

Energy Equipment Waste to Energy

Companies providing goods, products and services including components, specialist materials,
bespoke manufacturing and maintenance processes, design and operational support capabilities that
enable the generation of power through the use of domestic, agricultural and commercial refuse as
fuel for both thermal and non-thermal energy creation.

7JG KPETGCUKPI KP3WGPEG QH (6* TGRQTVKPI KU GXKFGPEGF D[ VJG CEVKQ
their GHG emissions from production (Scope 1) and down the supply chain (Scope 3). So, we see the likes of

1GUVNn KPXGUVKPI KP $' CV KVU RTQFWEVKQP HCEKNKVKGU DWV CNUQ QZ
to green the company'’s supply chain. Similarly, Unilever, which aims to halve its global carbon footprint by

2030, has entered into a Farm Powered Strategic Alliance (FPSA) with Vanguard Renewables. Underpinning

the FPSA is a long-term feedstock supply and output purchase guarantee. Members such as Unilever commit

to sending their endemic (unavoidable) waste to a Vanguard Renewables AD facility and to purchase the

resulting renewable natural gas (RNG aka biomethane) to lower the company’s dependence on fossil fuels.

Arla Foods, which aims to become carbon net zero by 2050, has deployed biogas at two of its production

facilities, reducing their carbon footprint by 30%.
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Other noteworthy initiatives contributing to this shift in capital towards greening the economy include:

1. The GHG Protocol- the most widely used accounting and reporting standard for GHG emissions
inventory through a partnership between the World Resources Institute (WRI) and the World Business
Council for Sustainable Development (WBCSD).

2. Compactof Mayors ¥ C EQCNKVKQP QH EKV[ Q*EKCNU YJQ WUG VJG *+* RTQVQE
GHG emissions in line with targets (globalcovenantofmayors.org ).

3. Carbon Disclosure Project (CDP) ¥ C PQV HQT RTQ2V EJCTKV[ VIJCV JQWUGU C INQDCN
environmental impacts for investors and businesses; 92% of Fortune 500 companies respond using the
GHG Protocol directly or indirectly.

4. Science Based Targets Initiative (SBTi) — a partnership between CDP, the United Nations Global
Compact (UNGC), WRI and the World Wide Fund for Nature (WWF), working with +1,000 companies to
reduce emissions in line with their Paris Agreement goals.

5. Financial Stability Board’s Task Force on Climate-Related Financial Disclosures (TCFD) - established
XQNWPVCT][ TGEQOOGPFCVKQPU QP ENKOCVG TGNCVGF 2PCPEKCN TKUM
2PCPEKCN KPUVKVWVKQPU VQ CFQRV YJKEJ KU ITCFWCNN[ DGEQOKPI O

6. Task Force for Nature-related Financial Disclosures (TNFD) — 62 entities in an informal working group
led by Global Canopy and WWF, supported by the UN Development Program (UNDP) and the UN
Environment Program Finance Initiative (UNEPFI), are working to issue a set of guidelines for nature and
biodiversity related disclosure late next year (2022).

3.3.2 Carbon pricing/trading and accounting for externalities ¢

Meanwhile, many companies are running a ‘shadow carbon price’. According to the Carbon Disclosure
Project (CDP) there are more than 1,000 companies reporting that they price carbon internally or plan to do
S0 in the next one to two years.

A shadow price on carbon creates a theoretical or assumed cost per ton of carbon emissions. It serves

to reveal the risk of carbon being priced to a planned or existing business. When emissions bear a cost in

RTQ2V CPF NQUU UVCVGOGPVU KV JGNRU VQ WPEQXGT KPG*EKGPEKGU CPF
departments, cutting a company’s energy use and carbon pollution.

Policies designed to limit climate emissions are all essentially trying to address this problem; that the

environmental cost of carbon emissions is not considered when market decisions are made. Because of this,

JKIJ XQNWOGU QH *+* GOKUUKQPU CTG TGNGCUGF KPVQ VIJG CVOQURJIGTG F
this is having on our planet. The policy looked to as the gold standard to correct for this is the development

of a carbon market, whereby the true cost of carbon is revealed by a market mechanism, generally a trading

system, and emitters must pay the price. The introduction of a carbon tax can also be used in a similar way

to put a price on carbon emissions and ensure the environmental cost is factored into private sector decision

making.

In the case of an Emission Trading System, a market for emission allowances is created that producers can
exchange and this exchange creates a market price. A cap on total emissions of a sector is created to ensure
a pre-allocated budget within which trading occurs. The World Bank is among entities in the Carbon Pricing
Leadership Coalition calling for strengthened global carbon pricing policies .

Carbon pricing of some sort is currently applied to a wide range of geographies and with a wide variation in
values. The following map helps illustrate this:

52See also in the annexes “Emissions trading systems” by Liron Friedman, Ph.D. dated October 2020.

83www.carbonpricingleadership.org
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Summary map of regional, national and subnational carbon pricing initiatives
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The World Bank’s Carbon Pricing Dashboard 5. In total, there are 64 carbon pricing initiatives implemented or scheduled for
implementation worldwide. In 2020, these initiatives would cover 12,000 MtCO e, representing 22.3% of global GHG emissions.

Almost one quarter of global carbon emissions are currently covered by some form of carbon pricing. As the
map shows, most of Africa, Russia, the whole of the Middle East and southern Asia, and large swathes of Latin
America and the USA have no carbon pricing mechanisms. Sweden has the highest carbon price currently
applied at US$ 126 per ton of CO,. The Swedish economy has continued to grow despite the high cost of fossil
fuel energy and the reduction of emissions, as the graphs below illustrate, with growth accelerating as the
economy has integrated the cost of the carbon tax 5.
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Expansion of carbon markets, both across geographies and sectors (primarily to cover agriculture and

waste management) will support the growth of the biogas industry as the carbon saving delivered will be

properly accounted for in investment decisions. The development of national carbon pricing mechanisms can
UKIPK2ECPVN[ TGFWEG VJG PGGF HQT FKTGEV UWDUKF[ RQNKEKGU HQT VJG
improve dramatically.
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The elephant in the room - fossil fuel subsidies

Fuel for thought
Money wasted on fuel subsidies could be spent

on education and healthcare.
(percent of GDP)

Advanced econemies Emerging market and Low income developing
middle-income economies countries

@ naturalgas @ coal @ Petroleum (0 Electricity

Source: IMF Working Paper, Global Fossil Fue! Subsidies Remain Large: An Update Based on
Country-Level Estimates

A broad coalition of international actors has for some time called for an end to subsidies supporting the
extraction, production and consumption of fossil fuel energy. Among leaders of this campaign ° are the
International Monetary Fund (IMF), G20 countries, ®” and a range of multinational corporations. Despite these
calls over the last decade, fossil fuel subsidies at production and consumption phases still amounted to an
astonishing US$5.2 trillion in 2017 or 6.3% of global GDE®. Comparing this to the 5% of global GDP required
to fund the transition to a climate compatible future, it is clear the subsidy regime needs to be tipped in favour
of renewables instead of continued support for fossil fuels. The largest subsidies were paid in the EU, China,
USA, Russia and India, all of whom are signatories to the Paris treaty. 85% of those subsidies go to the coal
and oil industries. Whilst declining overall, the subsidies are still enormous .

Energy subsidies and externalities cause many misconceptions about the costs of the energy transition.
In 2016, subsidies to fossil fuels exceeded those to renewables by a factor of between two (not counting
externalities) to thirty-eight (including externalities) (Coady et al., 2015; IEA, 2017)"°.

7JGTG CTG VYQ FKZGTGPV V[RGU QH UWDUKFKGU EWTTGPVN[ WUGF VQ UWR
KPEGPVKXG VCZ DTGCM VCZ JQNKFC[ VCZ YTKVG QZ QT HQT GZCORNG 9
and distribution of fossil fuels. These amount to between US$300 billion and US$500 billion a year. The

UGEQPF KU C UWDUKF[ HQT VIJG EQPUWORVKQP QH HQUUKN HWGNU CPF KU
to reform. This amounts to between US$4.5 trillion and US$5 trillion a year.

% www.weforum.org/agenda/2020/06/end-fossil-fuel-subsidies-economy-imf-georgieva-great-reset-climate/
57www.iisd.org/gsi/subsidy-watch-blog/stop-fossil-fuel-subsidies-campaign

%8 www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-Fossil-Fuel-Subsidies-Remain-Large-An-Update-Based-on-Country-Level-Estimates-46509
59 www.iea.org/topics/energy-subsidies

7 Quoted in www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report GET_2018.pdf
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%[ CTVK2EKCNN[ NQYGTKPI VJG EQUV QH RTQFWEVKQP QT VJG RTKEG QH EC
HWGN GPGTIKGU EJGCRGT $V VJG UCOG VKOG VIG[ WUG EQPUKFGTCDNG C
FGOCPF HQT VJQUG GPGTIKGU %QVJ JCXG VJG GZGEV QH OCMKPI VJG VTCP
YIKNUV TGFWEKPI 2UECN TGUQWTEGU CXCKNCDNG HQT KPXGUVOGPVU KP V.

under the Paris treaty.

&QPXGTUGN[ VJG UWDUKFKGU HQT EQPUWORVKQP JCXG VJG GZGEV QH NQY
CPF CTG VIGTGHQTG EQPUKFGTGF C UQEKCN DGPG2V KP OCP[ EQWPVTKGU
access energy at lower prices, the World Bank made the analysis that subsidies are in fact regressive

and create a barrier to investments in other, cleaner energy sources ™ Lower energy prices represent a

higher subsidy in favour of larger and wealthier households as they use more energy and are enjoying a

disproportionately higher tax subsidy that they don't need.

While complicated it is clear that energy subsidies need to be restructured in favour of green fuels to be
compatible with the Paris accord, support the transition to a low-carbon economy and mitigate the worst
impacts of climate change. This must be an urgent priority for all national governments to stop incentivising

an increase in greenhouse gas emissions. As fossil fuel subsidies are removed, funding should be utilised to
support alternative energy solutions, namely biogas. IRENA’s report from 2018 72 lays down a roadmap to 2050
for the contribution of renewable energy to the transition to a net zero global economy. The additional costs

of investments in renewable energy are estimated at US$1.7 trillion per annum until 2050- approximately

one third of the subsidies given to the fossil fuel sector currently — or circa 2% of global GDP. Whilst subsidies
in the short term may be needed to stimulate and de-risk renewable energy investments, these will rapidly
decline as both the cost of those energy sources decline and as the scale of deployment increases. We explore
VIJKU KP OQTG FGVCKN KP EJCRVGT NQQMKPI CV URGEK2E RQNKEKGU VQ L

Key policy recommendations - International and national climate policy

1. Set ambitious green targets. There is no doubt that the future is green — business as usual is
no longer an option. By setting a suitably bold target, governments and companies can place
VIGOUGNXGU CV VIJG HQTGHTQPV QH VJG VTCPUKVKQP *TGGP VCTIGVU |
ahead, stimulating green investment, the creation of new jobs and development of new services.

2. Estimate the quantity of organic wastes produced and detail a management plant. = Methane
emissions from waste must be addressed. Strategically plan how these bioresources should be
OCPCIGF VQ FGECTDQPKUG VJG UGEVQT 'WG VQ VJG 3GZKDKNKV[ QH DK
QRRQTVWPKV[ VQ KFGPVKH[ KVU OQUV FGUKTCDNG DGPG2VU CPF EQPUG
policy. Again, establishing a clear plan provides certainty necessary for investment and industry
development. This includes incorporating the management of organic wastes and materials and
biogas into every country’s NDC.

3. Divest in fossil industry and reallocate funds to green solutions. The fossil industry continues to be
supported by public funds worldwide, particularly for the exploration of new resources. Fossil fuels
need to remain in the ground. This money would be better spent funding green infrastructure and
innovation, aiding the cost competitiveness and provision of future-proof solutions and supporting a
just transition. Establishing green banks can help divert these key funds.

4. Price carbon and natural capital within markets. By adequately accounting for the cost of the
environmental damage incurred from GHG emissions, all sectors will be incentivised to decarbonise
and integrate sustainable practices. Climate change is a global issue, where in many cases, the
YQTUV GZGEVU YKNN PQV DG HGNV D[ VIQUG EQWPVTKGU EQORCPKGU T

“YYY YQTNFDCPM QTI GP PGYU HGCVWTG TGCN EQUVU HQUUKN HWGN UWDUKFKGU"JEANQECVKQP W2
2www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report GET_2018.pdf
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Chapter 4. Feedstock Management Policy

Methane accounts for 20% of all man-made greenhouse gas (GHG) emissions globally. An estimated 25% of

these arise from the rotting of untreated organic wastes. If we are going to limit global warming to less than

2°C, these methane emissions must be tackled immediately. With over 100 billion tonnes of organic wastes

DGKPlI RTQFWEGF GCEJ [GCT VJG OQUV GZGEVKXG OG C RasteQreveniahK GXKP | VJ
An average of 2.5 tonnes of CO e emissions, primarily in the form of methane, are released per tonne of food

wasted ™.

When good food is wasted, all of the land, energy, water, and nutrients used to produce it are also wasted.
Approximately one third of all food produced is wasted, an estimated 1.3 billion tonnes worldwide. Halving
this waste production could cut global emissions by 1,650 million tonnes of CO _e — or 3%of total emissions.
Wherever possible, societies must seek to reduce the production of all wastes.

Of the wastes which cannot be avoided — from vegetable peels to sewage sludge — governments must
develop a comprehensive strategy to treat these wastes. By treating societies’ unavoidable organic wastes,
preventing these methane emissions, global GHG emissions would be cut by 5%each year.

By placing AD at the heart of a circular economy of organic wastes, these organic ‘wastes’ are converted into

valuable ‘bioresources’ — namely biomethane, bio-CO2, and biofertilisers. These products can help displace

the need and use of traditional fossil-based alternatives — natural gas, fossil-derived CO , and energy-

KPVGPUKXG CTVK2EKCN HGTVKNKUGT 8UKPI $'2U UWUVCKPCIONG RTQFWEVU

Total global GHG savings (%):

Halving Total GHG savings
food waste  + Avoiding methane Displacing fossil-based = HTQO GZGEVKXG YCU
3% emissions by treating [ products with biomethane management

unavoidable waste and digestate 13%
5% 5%

Delivered through AD = 10%

Untreated organic wastes are a problem. AD not only solves this problem, but also delivers the greatest value
from these bioresources. See Feedstock Management Policy Timeline, p67.

Organic wastes arise from a huge variety of sources: sewage sludge, breweries, slaughterhouses, bakeries,
farms, dairy processors, restaurants, canteens, shops, bars, households and so on. However, they are
commonly categorised into three key categories, discussed here:

1. Food waste
2. Wastewater
3. Agricultural feedstocks

(CEJ QH VJGUG DKQTGUQWTEGU YKNN JCXG C FKZGTGPV DKQICU RQVGPVKC
decarbonisation capability when treated through AD. Nevertheless, all organics will release harmful GHGs
and pollute the environment, when poorly managed.

Bwww.fao.org/3/i3347e/i3347e.pdf
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Tonnes of organic waste treated via AD

Feedstock Management Policy Timeline

(1) Sanitation infrastructure must be developed worldwide to hygienically treat wastewater. AD facilities
on-site must be used to turn this waste into valuable energy and recycle the nutrients and organic

matter. Where sanitation infrastructure is already in place but without AD, biogas generation should be
built to ensure this energy intensive process goes green and that the organic resources are being utilised
KP VJG OQUV G*EKGPV OCPPGT

(2) Organic material hierarchies should be established in national law as guidance for local waste
OCPCIGOGPV CPF UJQWNF DG WPFGTRKPPGF D[ RQNKE[ VQ GPHQT
KPVTQFWEVKQP QH C VKGTGF VCZ U[UVGO VQ GPEQWTCIG YCUVG
use, e.g., away from incineration and towards AD.

(3) Introduce separate food waste collection and treatment through AD across the global north,

including in rural areas, and in urban areas of the global south. It is vital that these collections are
CEEQORCPKGF D[ GZGEVKXG EQOOWPKECVKQPU ECORCKIPU VQ U(
not contaminated with plastics or other contaminants that should not be returned to soils.

(4) Funding should be provided for the development of micro-AD plants in rural areas of the

global south to capture local food, garden and farm waste as well as provide sanitation solutions

for wastewater. Funding should also be provided to support the development of small-scale AD in

VJG INQDCN PQTVJ VQ RTQXKFG VJG UCOG HWPEVKQP KP TWTCN (
UJQWNF DG 2PCPEGF VIJTQWIJ VJG *NQDCN &NKOCVG )WPF QT UKO
support the initial capital investment required.

(5) Incentives should be put in place to reward sustainable agriculture.  In areas of the world where
agriculture is heavily dependent on subsidy systems, these payments should be overhauled to
incentivise sustainable agricultural practices, particularly cutting carbon emissions. Such payment
systems to reward sustainable agriculture must include the collection of farm wastes - particularly
manures and slurries that emit high quantities of methane - and their treatment through AD.

South Korea
95% food waste
recycling

Italy

Implementation of
Biogasdoneright promoting the
digestion of sequential crops

India
QH CNN HQQF RTQFWEGF KP ,PFKC YCU

Biogas industry maturity
Number of plants, investment potential, policy implementation
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Wet and Dry AD

$' KU C 3GZKDNG VGEJPQNQI[ 'KZGTGPV UGVWRU ECP DG GUVCDNKUJGF V
Broadly speaking, AD can be wet or dry:

.Wet AD is most common in the global north, treating wastes with a relatively low dry matter
content, including food waste, manures, slurries and wastewater.

.Dry AD is best for treating woody waste, such as that from gardens or parks or agriculture straws
(i.e., waste with a high lignin content).

Technically speaking, any organic wastes can be treated by either wet or dry AD. However, the length
QH VKOG CPF GPGTI[ TGSWKTGF VQ GZGEVKXGN[ FKIGUV VIJGUG HGGFUVQ
should consider which setup would best suit the feedstock processed.

4.1 Food waste

Food waste represents a key bioresource. An estimated one third of all food grown is wasted — around 1.3

billion tonnes peryear™ 7JG OCLQTKV[ QH VJKU YCUVG KU UGPV VQ NCPF2NN OKZGF
+GTG VJIG[ TQV TGNGCUKPI UKIPK2ECPVY SWCPVKVKGU QH OGVJCPG KPVQ V
*+*  )QT GXGT[ VQPPG QH HQQF YCUVG UGPV VQ [¢Cffrietdne is@eRag&ed™ KOCVGF

When additionally accounting for all the energy, nutrients and water required throughout the supply chain,

emissions per tonne of food waste increases to 2.5 tonnes CO e per tonne . Moreover, as the waste rots,

toxic chemicals leach into the environment, polluting land and causing eutrophication of freshwater bodies,

JCTOKPI DKQFKXGTUKV[ CPF TGFWEKPI 2UJ RQRWNCVKQPU

If food waste were a country it would be the 3rd largest emitter of GHGs , behind China and USA — with an
estimated 4.4 million tonnes of CO _e per year.”
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First and foremost, societies must seek to reduce the amount of food waste produced. Growing food and
transporting it around the world requires vast amounts of land, energy, water and nutrients. All of these
valuable resources are truly wasted when good food is thrown away. Minimising food waste is the best
means of cutting GHG emissions.

“www.fao.org/platform-food-loss-waste/en/
Swww.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2020
swww.fao.org/3/i3347e/i3347e.pdf

www.e-education.psu.edu/geog438w/node/560
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Beyond GHG emissions, to produce the 1.3 billion tonnes of food waste requires:

.Around 1.4 billion hectares of land used to produce wasted food 7 - almost 30% of the worlds agricultural
land.

.A minimum of 256 trillion litres of water. This estimate is based on the water demand of sugar crops, a

crop with a comparatively low water demand. Cereals and beef require substantially more water per kg
of food produced, upwards of 8x and 78x more, respectively .

1.3 billion tonnes of food waste - where does it come from?

Agricultural production;

22% 32%

Moving through
Distribution; the supply chain

13%

Industrial processing;
11%

Post-harvesting and storage;
22%

Governments and industry must take an active role to help minimise food waste production throughout the
entire supply chain — from farm to fork. The following highlights a selection of actions that can be taken to
address food waste production:

1. Balance food production and demand. The world already produces more than enough food to feed
everyone. However, it needs to be better managed and distributed. Countries should shift focus away
from ever increasing agricultural productivity, towards improving the existing food system and its
management of resources.

2. Enhance food storage infrastructure . As food is transported and stored around the world, inadequate
infrastructure can result in food spoiling before it reaches its consumer; food may not be appropriately
TGHTKIGTCVGF HTQ\GP QT FCOCIGF HTQO RQQT RTCEVKEGU $ICKP
of infrastructure and training to optimise the management of food.

3. Limit production surplus. Countries in the global north and multinational food companies have a vested
interest in maintaining over-production — they can keep the cost of ingredients down and minimise
risk of supply disruption. However, by its nature, production surplus results in vast quantities of waste.

EQW

(UVCDNKUJKPI NQPI VGTO EQPVTCEVU YKVJ HCTOGTU EQQRGTCVKXGU E(

a consistent level of supply that more closely meets demand.

4. Promote seasonal, locally grown produce. Supermarkets in the global north often import food from
around the world to maintain customer choice year-round. For example, summer berries may be grown
in the opposing hemisphere and shipped thousands of kilometres to a supermarket in winter, simply

VQ QZGT EQPUWOGTU VJG QRVKQP YJGP UJQRRKPI :CUVG CTKUGU CV G:

chains mean less waste. Moreover, less energy would be required to grow and transport food that
is local and seasonal. Consequently, this food waste will have a lesser environmental impact per kg,
compared to food transported around the world.

8 https:/moveforhunger.org/the-environmental-impact-of-food-waste

https:/waterfootprint.org/en/water-footprint/product-water-footprint/water-footprint-crop-and-animal-products/
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5. Remove ‘best before’ dates. People will dispose of good food if the best before date has passed. These
dates attempt to cover the food manufacturer from people eating mouldy food, but early dates result in
HQQF DGKPI VIJTQYP CYC[ NQPI DGHQTG VJG[ CEVWCNN[ IQ QZ

6. Support use of ‘ugly’ food. Fruit and vegetables with visual imperfections are often thrown away before
they even leave the farm. Countries can help ensure this edible-but-ugly food is not wasted. In line with
the food waste hierarchy (see below for more detail), this food could be used in food processing (e.g. to
makes soups or preserves), feed the hungry, sent to animal feed, or recycled using AD.

And central to our report...

7. Mandate separate food waste collection. Evidence suggests that homes which separate their
food waste, produce less food waste - an average reduction of 16.1 kg per household per year #°,
Governments can implement compulsory food waste separation by homes and business, and collection
by local councils and municipalities. Waste production is not only reduced, but separated ready for
recycling.

The IEA recognise AD as a key education tool to teach people about the values of a circular economy.
It says, “Circular economy is a broad concept, which can be hard to comprehend. The biogas plant is
a concept which could also be used for education purposes to give children concrete examples of a
circular economy concept. People can start to understand the need to reduce and recycle food waste.
Showrooms in farms have been used to show “where the food comes from” to school groups. These
same concepts could be used more widely to explain how separate collection of food waste in homes
can be used to produce green energy or fertiliser.” 8

:KVJI ITGCVGT RWDNKE RCTVKEKRCVKQP VJG EQUV QH QDVCKPKPI UQWT
creating a virtuous circle. It also serves to embed circular thinking across the consumer economy, which

distinguishes between technical and biological cycles. Consumption happens only in biological cycles,

where food and biologically-based materials (such as cotton or wood) are designed to feed back into

the system through processes like composting and anaerobic digestion. These cycles regenerate living

systems, such as soil, which provide renewable resources for the economy. Technical cycles recover and

restore products, components, and materials through strategies like reuse, repair, remanufacture or (in

the last resort) recycling .

Without separation, mixed waste is far more likely to be sent to unsustainable technologies such as
KPEKPGTCVKQP CNUQ MPQYP CU GPGTI[ HTQO YCUVG (H: QT YQTUG N

Case study: Food waste recycling in South Korea

With 95% of all food waste being recycled, South Korea is leading the world in food waste
management. This rate has been achieved through the implementation of policy and regulation
throughout the supply chain.

P FKURQUKPI HQQF YCUVG VQ NCPF2NN YCU DCPPGF UVKOWNCVKPI \
technologies such as AD and composting. In 2013, the government introduced compulsory disposal of

separated food waste into special biodegradable bags. Citizens are required to purchase these bags,

thus incentivising the reduction of waste production and uptake of domestic composting; a 4-person

household might expect to pay around US$6 per month for these bags. Monies raised support the cost

of running the scheme.

8 https:/resource.col/article/report-shows-link-between-food-waste-collections-and-food-waste-arisings
slwww.ieabioenergy.com/blog/publications/the-role-of-anaerobic-digestion-and-biogas-in-the-circular-economy/

82www.ellenmacarthurfoundation.org/circular-economy/concept
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In Seoul, smart bins were also installed, where people can “pay-as-you-recycle”. By scanning an 1D

card and inserting the food waste, the smart bin weighs the waste and charges the person’s account.

Again, this system promotes waste reduction. The city’s annual production of food waste has been

cut by an estimated 47,000 tonnes since smart bins were introduced. Moreover, being composed of

80% water, residents have also started removing the moisture from food waste, to reduce the weight

CPF UCXG OQPG[ 7JG EKV[ DGPG2V HTQO VJKU VQQ UCXKPI OQPG[ D[ VTC
feedstock. In Songpa District alone, smart bins have saved around US$ 8.4 million in logistical

expenses®,

From here, this chapter will focus solely on unavoidable food waste , materials such as used tea bags, banana

skins and vegetable peels, and wastes from the manufacture of food and drink products, such as brewery

FTCZ CPF FCKT[ Ge*WGPV HTQO VJG EJGGUG OCMKPI RTQEGUU :%%$2U OQFGN
food waste production can be cut by 50% and of this remaining waste, 69% is suitable for collection and

diversion to AD®.

Proportion of global emissions

Halving food waste production, primarily leaving only the unavoidable -3%
food waste, could cut emissions by 1,650 million tonnes CO,e

Treating 69% of this remaining waste via AD and utilising its sustainable
products could cut emissions by further 470 million tonnes CO e -1%

Total -4%
AD helps convert food waste from being a major problem into a climate solution. It captures the methane

for use as a renewable fuel and recovers the nutrients in the form of digestate. The following highlights the
decarbonisation potential of recycling food waste via AD per million tonnes:

CIRCULAR ECONOMY

CARBON SAVINGS

'"KURNCEGF CTVKZ2EKC
fertiliser

Nitrogen = 4,590 tonnes 27,000 tonnes of CO,e

Phosphorus = 680 tonnes 700 tonnes of CO.e

Potassium = 1,615 tonnes 930 tonnes of CO,e

Return nutrients
to farm

Factory

Supermarket

HTQO NCP emissions
617,000 tonnes of CQe

Restaurants
1 million tonnes

Public services of food waste

>

Generate
renewable energy

%GPG2VU TG 1,008 GWh of biogas 180,000 tonnes of COe
community

Displaced fossil energy

Total:
~826,000 tonnes
of CO,e

83www.weforum.org/agenda/2019/04/south-korea-recycling-food-waste/

84 www.worldbiogasassociation.org/global-potential-of-biogas/
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Policy and regulation must be enacted throughout the entire supply chain to support the development of

technologies to enable the recovery of these valuable resources. Organic wastes from homes and businesses

require separation, collection and diversion to AD. Complementary policy must disincentivise its diversion to

RQQT YCUVG OCPCIGOGPVY VGEJPQNQIKGU PCOGN[ NCPF2NN CPF KPEKPGTC!
in Chapter 3, EfW has been removed from the EU’s taxonomy of sustainable economic activities —i.e., it is

no longer considered a recycling technology suitable for food waste management by the EU. The following

conceptualises this supply chain and suggests suitable policies and regulations to promote the best utilisation

of these organic wastes:

Mandatory separate food waste collection Return renewable
energy and
%CP VJG FKXGTUKQP QH CNN DKQFGITCFQiPNi@WCUVG VQ N
providers

Set national targets to divert % of food waste to AD

FARM Food waste streams
Food deemed N
unsuitable for 7
market
,PEGPVKXKUG WRVCMG QH JKIJN[ G KVG
waste management systems via grants and ON-SITE
2PCPEKCN UWRRQTYV BIOGAS PLANT

A 4

FACTORY

1t

optimal waste management technologies (highest tax [

Introduce a tiered tax structure to promote use of

RNCEGF QP NCPF2NN Divert food waste
to any AD plant
Reinvest tax into new AD installations available

e  DOUPERMARKETS

COLLECTION ANL CENTRALISED
> PROCESSING BIOGAS PLANT

Provide regular
organic waste
collection services

RESTAURANTS . DOMESTIC
SCHOOLS COMMUNITIES

Return renewable

2ZGT UGRCTCVG QTICPKE DKPU CPF energy to
digestible bin liners to support providers
participation Policy recommendations

QFood waste pathway
,JUUWG 2PGU CPF YCTPKPIU VQ VIQUG PQV
separating food waste
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Food waste can arise from a number of sources from farm to fork, where there are more opportunities for
waste to arise within longer supply chains. For example, within the supply chain of a supermarket selling
apples to customers, food waste could arise:

.On farm, where apples do not meet quality standards

.During transit, where poorly packed containers result in damaged produce

.,P RTQEGUUKPI RNCPVU YJGTG UWD QRVKOCN EQPFKVKQPU OC[ CZGEV HQ
.Within distribution centres, where produce can spoil if poorly managed

.At the supermarket, where produce is not purchased before starting to rot

.At home, where the produce may rot before being consumed

Food waste through the food chain worldwide

Dairy products

Fish and seafood

Meat

Fruit and vegetables

Roots and tubers

Cereals

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mAgriculture  mPost-harvest mProcessing  mDistribution ~ mConsumer Eaten

Source: FAO®

,V KU ETWEKCN VQ YQTM YKVJ VIJG HWNN UWRRN[ EJCKP VQ KFGPVKH[ UQWT
reduce and then recycle these bioresources. This will help develop the collective awareness to tackle the issue
from the root.

BYYY HCQ QTI HQQF NQUU CPF HQQF YCUVG 3Y FCVC
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Both countries and companies should set ambitious waste reduction and recycling targets. They should look
to implement a comprehensive waste management hierarchy, detailing the order of preference for waste
reduction and management technologies. The following hierarchy, developed by WRAP, currently guides
waste management policy in the UK:

Food and drink material hierarchy

Most preferable option

Prevention

.Waste of raw materials, ingredients and
product arising is reduced - measured in
overall reduction in waste.

.Redistribution to people.

Prevention

.Make animal feed from former food.
. Bio-material processing.

Waste sent to anaerobic digestion.

Waste composted.
Waste used for landspreading.

Recovery
.Incineration of waste with energy recovery.

Disposal

. Waste incinerated without energy recovery.

.:.CUVG UGPV VQ NCPF2NN

.:.CUVG KPITGFKGPV RTQFWEV | Pl VQ UGYG

\
\ 4

Least preferable option

The hierarchy emphasises that food waste should be preferentially prevented or redistributed to people or
CPKOCNU )QT WPCXQKFCDNG HQQF YCUVG $' KU KFGPVK2GF CU VJG QRVKO
and incineration — the last choice for food waste management.

6GRCTCVKPI QTICPKE YCUVG HTQO QVJGT YCUVGU KU VJG 2TUV CPF QHVGP
up the hierarchy and recycling it using optimal technologies. Public and private participation in separating

QTICPKE YCUVGU QXGTEQOG VJG RTKOCT[ EQUVU CUUQEKCVGF YKVJ OCVGT
UGRCTCVGF RQUV EQNNGEVKQP KV KU PQV CNYC[U GZGEVKXG CPF UGR
Most importantly, developing a consistent stream of food-only waste encourages the construction of recycling

infrastructure, such as AD plants. It would not make sense to collect separate food waste, only for it be sent to

NCPF2NN QT KPEKPGTCVKQP

To facilitate this waste segregation, infrastructure often requires upgrading — from the provision of bins within

homes, business and in public spaces, to new waste collection vehicles and processing sites. Within the home,

research suggests caddy liners can encourage public participation by increasing perceptions of hygiene

when handling rotting wastes #. Complimentary policy can also help push people to separate wastes. For

example, in Scotland, businesses producing more than 5kg of food waste per week can face a £300 (US$415)

QP VJG URQV 2PG KH VIJG[ CTG ECWIJV FKURQUKPI HQQF YCUVG WPUGRCTCV

8 https:/wrap.org.uk/resources/guide/household-food-waste-collections-guide/section-4

74

BIOGAS: PATHWAYS TO 2030 WORLD BIOGAS ASSOCIATION



Once separated, policy can support the development of food waste collection services. In the EU and UK it

has been mandated that all local authorities must collect separated food waste from homes by 2023. This

forward planning has also stimulated discussions across governments and industry about how best to treat

and recycle this waste. AD developers can be assured that consistent feedstock streams will be in place,

PGEGUUCT[ HQT RNCPV KPXGUVOGPV 7JG (8 JCU VCTIGVGF C DCP QP CNN Q
the UK by 2025.

Again, policy can ensure food waste that has been separated and collected is treated by the optimal

technology. Several states in the USA have also banned the practice of sending biodegradable waste to

NCPF2NN HQTEKPI KV VQ DG VTGCVGF WUKPI VGEJPQNQI[ JKIJGT WR VJG YC
incineration, it goes a long way to prevent the methane emissions from rotting waste.

State Organics Legislation - December, 2019

.
%

Yard debris bans: Arkansas, Delaware, lllinois, Indiana, Maryland, Michigan,
Minnesota, Missouri, New Hampshire, New Jersey, North Carolina, Ohio,
Pennsylvania, Rhode Island, South Carolina, South Dakota, West Virginia, Wisconsin

<CTF FGDTKU DCPU YKVJ GZGORVKQPU HQT NCPF2NNU YKVJ ICU EQNNGEVK
Florida, Georgia, lowa, Nebraska

JOQQF UETCR EQNNGEVKQP OCPFCVGU QT CIITGUUKXG NGIKUNCVKQP HQT M
California, Connecticut, Massachusetts, Oregon, Vermont, Washington

EN H

6GXGTCN 86 UVCVGU JCXG CNTGCF[ KPVTQFWEGF DCPU HQT HOQF YCUVG CPF ICT

An additional tiered tax system could help move waste further up the hierarchy. For example, food waste
sent to incineration would be subject to the greatest tax, and the amount of tax incurred would be reduced
through the use of better technology. If sent to AD, the optimal technology, waste management would not
incur this additional tax. Funds raised could be used to improve waste infrastructure nationwide.

The success of any separate organic collection system depends strongly on public participation, be it

householders or employees at commercial retail establishments. It is important that citizens are aware of

VJG DGPG2VU QH TGE[ENKPI JQY UGITGICVKPI VIGKT HQQF YCUVG EQPVTKD
important it is to do it correctly. Communication campaigns and face to face engagement with the community

are key to any successful recycling programme. It is also very important that the communications are clear

and consistent, informing what can and cannot be put in the waste caddies and which liners can be used. In

general, information leads to action: the more citizens hear about and see ways to reduce food waste the less

food is thrown away. Good practice guidance is available from WRAP Global providing material and case

studies to support any food waste reduction roadmap. AD has been recognised for its ability to educate the

RWDNKE CDQWY EKTEWNCT GEQPQOKGU CPF VJG DGPG2VU VJG[ FGNKXGT

YYY EQORQUVKPIEQWPEKN QTI RCIG NCPF2NN QTICPKEU DCPU
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Again, total management costs can be diminished with supportive policy to reduce waste generation in the
2TUV KPUVCPEG NGUU YCUVG VQ EQNNGEV VTCPURQTV CPF OCPCIG

68(= KP YQP C EQPVTCEV VQ FGUKIP DWKNF QRGTCVG CPF OCKPVCKP
in the City of Montreal. The new plant will convert organic material into biomethane, producing enough
renewable gas to power around 3,600 households.

When it is commissioned in 2021, the plant will be able to process 60,000 tonnes of organic material
annually, recovering organic waste produced by nearly 1.5 million inhabitants of the east side and the
city centre and producing biomethane and carbon rich soil improver.

7JG RNCPV JCU DGGP EQOOKUUKQPGF CU RCTV QH VJG &KV[ QH 0QPVTGCH
emissions. Aside from delivering non-polluting, locally produced renewable energy, the development

YKNN UKIPK2ECPVN[ TGFWEG ©YCUVG OKNGU?2 YKVJ QTICPKE OCVGTKCN E
50km (31 miles) northeast of Montreal. This facility is the second organic waste treatment centre

RNCPPGF D[ VJG &KV[ VQ TGEQXGT CPF FKXGTV KVU QTICPKE YCUVG CYC|

Valérie Plante, Mayor of Montreal

Bertrand Camus, CEO of SUEZ

United states

N QD N N L N P N N T G
p [ -

anthropogenic source of methane,
accounting for approximately 11% of

I, i
estimated global methane emissions I Mexico

or nearly 800 MtCO e in 2010. These -
methane emissions arise from organic _Turkey

wastes, typically food waste, mixed in I - onesia

with all other wastes. The following [ RN
graph displays the top 10 countries . :
with the greatest GHG emissions from _Bumt_fd Kingdem
NEP NN — .
ndia
These methane emissions are not only 0 10 20 30 40 50 " 130

a concern for the climate. They can

CNUQ ECWUG NCPF2NN GZRNQUKQPU TGNGGMIEE
odours, contaminate local waterways

YKVJ VQZKE NGCEJCVG CPF QPEG 2NNGF WR
render the land largely unusable.

BIOGAS: PATHWAYS TO 2030



7JG NKCDKNKV[ QH NCPF2NN ICU /)* ECP DG VWTPGF KPVQ CP CUUGV /CPF
EQNNGEVKQP KPHTCUVTWEVWTG OCP[ EQWPVTKGU TGIWNCTN[ ECRVWTG /)*
generate electricity, reduce greenhouse gas emissions and to earn carbon emission reduction credits. Many

projects in developing countries are taking advantage of the United Nations Framework Convention on

Climate Change (UNFCCC) Clean Development Mechanism (CDM) to earn carbon credits by capturing and
EQODWUVKPI OGVJCPG G I VJG 6WFQMYQP /CPF2NN KP 5GRWDNKE QH 6QW
%TC\KN CPF VJG 1CPLKPI 7KCPLKPIYC /CPF2NN KP VJG 3GQRNG2U 5GRWDNKE
/)*( RTQLGEVU RTQXKFG C XCNWCDNG UGTXKEG VQ VIJG GPXKTQPOGPV CPF
DTKPIKPI DGPG2VU VQ NQECN CPF TGIKQPCN EQOOWPKVKGU

:JKNG VIJKU VGEJPQNQI[ ECP OKVKICVG OGVJCPG GOKUUKQPU HTQO GZKUVK
/CPF2NN UJQWNF DG C NCUV TGUQTV HQT YCUVG OCPCIGOGPV ¥ CV VIG XGT
HQQF YCUVG DGKPI UGPV VQ NCPF2NN YKNN RTGXGPV OGVJCPG GOKUUKQPU

JOQF YCUVG URGEK2E RQNKE[ TGEQOOGPFCVKQPU

.,ORNGOGPV \GTQ HQQF YCUVG VQ NCPF2NN VQIGVJIGT YKVJ C FGNKXGT]
being recycled via AD.
.Implement a target for maximum allowance of food waste in the residue waste so it is treated higher up

the waste hierarchy.
.Develop comprehensive waste collection infrastructure to deliver separated food waste to optimal waste

treatment technologies, such as AD.
.Incentivise GHG mitigation, including savings from reduced volumes of waste needing disposal.

4.2 Wastewater
Sanitation Drinking water Hygiene
Water is crucial in determining 100 -
whether the world will achieve
the SDGs’ deadline of 2030.
Sanitation and potable water
are critical to human dignity, 80 |
bringing an end to chronic and
fatal health conditions, and
are key drivers of economic
development and growth. Hence 60 |
there is a global movement
to end water, sanitation and
hygiene (WASH) inequality.

18

22

40
Globally, 2.3 billion people

live without access to a basic

sanitation service: almost 892

million of these people practice 20 |
open defecation. Today, only 68%

of the world’s population has

access to basic sanitation, and

only 39% of people have access 0-

to safely managed sanitation 2000 2017 2000 207 201
(WhiCh includes containment, © Open defecation @ Surface water No facility
throth safe collection and Unimproved Unimproved Limited
conveyance, to treatment and Limited Limited ® Basic
GPF WUG FRURQUCN ® Basic ® Basic

® Safely managed ® Safely managed

8 https:/unstats.un.org/sdgs/report/2019/goal-06/
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:CUVGYCVGT KU DTQCFN[ FG2PGF CU S8WUGF" YCVGT VJCV JCU DGGP EQPVCO
TGVWTP 3QYU HTQO FQOGUVKE CPF OCPWHCEVWTKPI UQWTEGU JGPEGHQTV
infrastructure including piped systems (sewerage) or on-site sanitation systems (septic tanks and pit latrines) .

Production
© (million m®yr-')

- o o

2 ® 0-01
L] 0.1-1
L] 1-5
® >5

Up to 80% of wastewater produced globally each year is released into the environment with little or no
treatment °1 The maps above show global wastewater production and treatment. This pollution is extremely
damaging to both human health and the environment. Contaminated waterways spread lethal diseases,
UWEJ CU EJQNGTC CPF V[RIQKF TGURQPUKDNG HQT VJG FGCVJ QH PGCTN]
year. It is worth noting that lack of access to clean water hampered the global response to Covid-19;

DKNNKQP RGQRNG YQTNFYKFG NCEM DCUKE JCPFYCUJKPI HCEKNKVKGU CV
prevention %2,

7JG PKVTQIGP CPF RQVCUUKWO EQPVGPV QH VJG YCUVG ECP NGCF VQ GWV"
and reducing biodiversity. This in turn can have an adverse impact on food security for communities which

TGN[ QP 2UJKPI HQT UWUVGPCPEG QT KPEQOG $PF VJG TQVVKPI QH YCUVG
atmosphere, driving climate change — an estimated 199 million tonnes CO e are released each year from

untreated wastewater %,

% https:/essd.copernicus.org/articles/13/237/2021/
“www.unwater.org/water-facts/quality-and-wastewater-2/
22www.un.org/sustainabledevelopment/water-and-sanitation/

Swww.worldbiogasassociation.org/wp-content/uploads/2019/09/WBA-globalreport-56ppa4_digital-Sept-2019.pdf
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A lack of sanitation also holds back
economic growth. Poor sanitation costs
billions to some countries, amounting

to the equivalent of 6.3% of GDP in
Bangladesh (2007), 6.4% of GDP in India
(2006), 7.2% of GDP in Cambodia (2005),
2.4% of GDP in Niger (2012), and 3.9% of
GDP in Pakistan (2006¥4.

The economic losses are mainly driven

by premature deaths, the cost of health
care treatment, lost time and productivity
seeking treatment, and lost time and
RTQFWEVKXKV[ 2PFKPI CEE

HCEKNKVKGU 7JG :QTNF %

the impacts, saying the lack of adequate
sanitation is costing US$260 billion
annually.

However, the World Bank also says that
wastewater remains an “untapped”

and “undervalued” resource; fecal
sludge and wastewater can provide
valuable resources - water, nutrients,
soil conditioner, briquettes and energy -
and economic opportunities, especially
in urban areas and in water-scarce
environments. It says AD is the key to
unlocking the optimal solution, calling
wastewater facilities integrated with

AD a ‘double value proposition’. It says

qﬁm ﬂ

Wastewater from homes,
cities, and industry

WASTEWATER TREATMENT PLANT

(Water Resource Recovery Facility)

TREATED WATER
for:

SLUDGE

Anaerobic

the energy sector; such as Digester

cooling water for power plants
and process water for mines.

ke

industrial processes,

such as in the textile and
paper industry
Biosolids

are pulrient rich
and can be used

as fertilizer in

agriculture, to
recover degraded

areas or as fuel,
among others.

can be uset
lo generate
energy (heat and
electricity),
which can be
used at the plant

irrigation
(agriculture, urban parks, etc)

PHOSPHORUS
Can be recovered and
used as fertilizer

Improved wastewater
management offers a double
value proposition if, in
addition to the environmental
and health benefits of
wastewater treatment,
financial returns are also
possible. Resource recovery
from these facilities in the
form of energy, nutrients,

AD enables “resource recovery from

these facilities in the form of energy

and nutrients, reusable water and

biosolids, representing economic and
2PCPEKCN DGPG2VU VJCV E
sustainability of these systems and water
utilities operating them.”

and/or sold,
' reusable water, and hiosolids

represent an economic and
financial benefit that
contributes to the
sustainability of these
systems and of the water
utilities operating them.

replenishing aquifers

w

drinking water

Carbon Credits: wasie
waler trealmenl plants can
qel carbon credils for
generating renewable energy.

This of course speaks to the possibilities
open to cities and towns, to either
upgrade wastewater treatment centres
or from the outset integrate AD into any
new facility because it makes economic
sense. Treating wastewater is an energy
intensive process. Typically, water and
wastewater-treatment processes can account for between 25% and 40% of a municipality’s electricity bill —
energy that can be saved and money that can be freed up and put to better use elsewhere.

(@I 'WORLD BANKGROUP http://www.worldbank.org/en/topic/water

However, there are countless examples of AD making wastewater treatment (WWT) centres carbon neutral,
GPGTI[ UGNH UW*EKGPV CPF KPETGCUKPIN[ RTQFWEKPI C UWTRNWU VQ ©UG

The International Water Association has produced a roadmap for WWT facilities to achieve carbon neutrality.

6RGCMKPI KP &QTKPPG 7TQOOUFQTZ ,:$ :C&&NKO 3TQLGEV 'KTGEVQT CP
to a Low-Carbon Urban Water Utility, said, “If the urban water sector were to become carbon neutral, it could

contribute the equivalent of 20% of the sum of committed reductions by all countries in the Paris Agreement

(the Nationally Determined Contributions)”.

% www.wsp.org/content/economic-impacts-sanitation
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The report draws on an
approach that has been
successfully piloted in utilities

in Jordan, Mexico, Peru, and
Thailand that participated

in the WaCClIiM (Water and
Wastewater Companies for
Climate Mitigation) project, with
drastic reductions in greenhouse
gas emissions®.

Wastewater can be treated
using physical, chemical

and biological processes.
Wastewater may be separated

KPVQ FKZGTGPV EQOFR

allowing it to settle or using
2NVGTU RJ[UKECN
with chemicals to kill dangerous
microbes (chemical); and it
can also be digested under
anaerobic conditions to break
down organic material and
capture biogas (biological).
Modern treatment plants will
typically draw upon all three

of these processes to treat

the waste completely. This full
treatment is relatively energy
intensive. However, the biogas
produced can contain more
than enough energy to power
the entire process. Any excess
energy can be exported to the
local gas or electricity grid.

Scottish Water in 2019
announced that its Galafoot
Waste Water Treatment Plant in
Galashiels now generates more
energy than it uses. Imported
sludge is mixed with the on-site,
indigenous sludge. This feeds

a digester which produces
biomethane and fuels a 124 KW
capacity CHP. Currently the suite
is powering its own operations
and 204 local homes. The
company aims to achieve
carbon neutrality across its
operations by 2040 %,

¢ee
1._\3 ol 11

Pioneering water utilities

acting towards a

carbon-neutral future

The WaCCLiM project pilot utilities

» Energy-efficient pumps - Encrgy-cfficknt pumps
- Slidpe (gestion and * Repair sewer system
beogas valorsation Beneficiaries: 100,000 peopie
* Water supply network -
Sl 10% GG etucon
« Photavoltaic panets sl i
Beneficiries: 200,000 peaple @
water supply &
l...-\..l.u “ .‘ .. ..l :
“The pote reduction through identified measures

Source: IWA

% https:/iwa-network.org/press/the-urban-water-utility-of-the-future-the-roadmap-to-a-low-carbon-urban-water-utility/
®JVVRU YYVQPNKPG EQ WM PGYU UEQVVKUJ YCVGT YYVY EGNGDTCVGU ITGGP G*EKGPE[ OKNGUVQPG
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WWT facilities across Europe are following a similar path. Marselisborg Wastewater Treatment Plant Aarhus

9CPF KP 'GPOCTM RTQFWEG OQTG GPGTI[ VICP KU WUGF %[ KORNGOGF
producing biogas from the sludge, the utility is almost able to cover the energy consumption for the whole

water cycle from groundwater extraction, to pump stations, water distribution and wastewater treatment.

It must be noted that soon after the adoption of the UN’s SDGs in 2015, Danish wastewater utilities started
investigating how the SDGs could be used to improve their performance towards sustainability. A commonly
overlooked fact is that the SDGs are to be implemented globally and are not directed towards developing
countries only®”. The Danish Water and Wastewater Association created the following assessment:

Sustainable development goals and the water sector

CLEAN WATER 11 SUSTAINABLE CATIES G000 HEALTH 1d LIFE BELOW OUALITY GEMOER

AN SANITATION AND COMBURITIES AND WELL-BEING IWATER EDUCATION EQUALITY

1 RESPONSIBLE
CONSUMPTRIN

13 CLIMATE 1 SHIPS [DECENT WORK AND
ACTION 0R 5 ECOROMIC CROWTH
AND PRODUCTION

DANVA's grouping of the SDGs most relevant to water (© DANVA)

As the world continues to urbanise, cities and small towns will increasingly bear the burden of poor sanitation.
The UN forecast that 68% of the global population will live in cities by 2050, and that an estimated 57% of
urban dwellers will lack access to toilets that provide a full sanitation service, 16% access to basic sanitation
services, and almost 100 million will practice open defecation.

However, of the two billion people that currently lack basic sanitation, 72% live in rural areas. At current rates
of progress, universal access to safely managed sanitation will not be realised until after 2100 &,

Projected global accessto water and sanitation, at current average rate of progress
21

% access

20 H Global accessto safely managed water

10 I Global accessto safely managed sanitatio n
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Source: WashMatters %

7www.thesourcemagazine.org/denmarks-water-utility-sdg-agenda-for-change/
% https:/washmatters.wateraid.org/publications/delivering-rural-sanitation-programs-at-scale-equity-sustainability-call-to-action

% https:/washmatters.wateraid.org/publications/how-to-reach-everyone-with-safe-water-and-sanitation-by-2030
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Developing infrastructure will be crucial to improve sanitation and unlock the potential of wastewater. This

includes the collection and transportation of waste to centralised treatment plants. In urban areas, this may

involve publicly funded sewage works running underground; in rural areas, it could relate to community

cesspits and waste management solutions. Companies such as Loowatt are at the forefront of delivering an

$' DCUGF UQNWVKQP HQT TWTCN UCPKVCVKQP ¥ VQKNGVU YKVJ C YTCR UJU!
fecal matter to be collected and treated in an AD facility. Toilets vary in scale from a single home toilet to

a hub, to service larger events or communities. The more sophisticated models digitally alert the service

company when the toilets are nearly full 1%,

Fortunately, waste production is relatively predictable and reliable both in terms of production and content.
The waste diagram below enables policymakers to estimate the biogas potential from communities of any
size, facilitating the development of a comprehensive strategy to develop wastewater infrastructure and
sanitation.

Around 47kg of sewage waste is produced per person per year. For example, a city with a population of
1 million people will produce around 47,000 tonnes of sewage per year. Additional organic waste will arise
from the disposal of other organic wastes (e.g. drinks) down drainage systems.

CIRCULAR ECONOMY

CARBON SAVINGS

'"KURNCEGF CTVKZ2EKC
fertiliser

Nitrogen = 7,250 tonnes 42,600 tonnes of CO.e

Phosphorus = 3,600 tonnes 3,700 tonnes of COe

Cities Potassium = 330 tonnes 200 tonnes of CO.e

Return nutrients
to farm

7 Avoid emissions Avoided methane

from no treatment emissions

Communities 500,000 tonnes of CO e

1 million tonnes
of wastewater
Generate
N renewable energy

%GPG2VU TG\— 814 GWh of biogas 157,000 tonnes of COe

Displaced fossil energy

community
Total:
~704,000 tonnes
of CO,e

$PQVIGT RNCPPKPI VQQN KU YJCV KU EQOOQPN[ ECNNGF C 6JKV )NQY '"KCIT!
diagram, is a tool to help municipal leaders to readily understand and communicate how excreta physically
3QYU VITQWIJ C BEKV[ QT VQYP

In the example on the next page, green arrows represent the proportions of excreta that are ‘safely
managed’ along the whole sanitation chain: from the toilet, through a pit or septic tank, via sewers or sludge
tankers, to treatment stations and eventual disposal or reuse. The red arrows show what is not happening as
it should be: leaking sewers, non-functional treatment plants, illegal emptiers discharging sludge in rivers, full
pits that are contaminating groundwater because high fees mean they are never emptied, and waste from
people who do not even have a decent toilet 12

100\w\ww.loowatt.com/
https:/sfd.susana.org/
®2JVVRU YCUJOCVVGTU YCVGTCKF QTI DNQI VJTGG VJKPIU YG JCXG NGCTPGF D[ ETGCVKPI UJKV 3QY FKCITC(
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Note: this diagram is indicative only. (© Peter Hawkins)

Through visualizing the challenges facing a city, they serve to enable a multi-stakeholder and coordinated
dialogue among stakeholders and potential partners about excreta management.

Research for the World Resources Institute found that securing water for our societies by 2030 could cost just
over 1% of global GDP. Global GDP is~US$87.5 trillion, and 1% is around US$875 billion, about 29 cents per

person per day from 2015-2030.

$PF VIG GEQPQOKE DGPG2VU QWVYGKIJ VIJG EQUVU (XGT[ FQNNCT KPXGUVC
average $6.80 in returns. The World Bank found that failing to implement better water management policies
could result in regional GDP losses from 2-10% by 2050.

Estimated change in 2050 GDP due to water scarcity

QUSINESS AS Ugy,, “\c\'&m WATER pg Licye
&

Change in GDP:

EED ~ ~ = S

WORLD RESOURCES INSTITUTE

Source: Global Commission on Adaption 2019, World Bank 2016
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The study concludes

“the solutions to the world’s water crises are readily available; what's missing is the money (from public
and private sectors) and political will needed to implement them. It's time that water solutions be seen

not as a burden, but as an opportunity. Resolving the world’s shared water challenges improves the
NKXGU CPF NKXGNKJQQFU HQT DKNNKQPU DGPG2VU VJG GEQUJ[UYV
investment”

:CUVGYCVGT URGEK?E RQNKE[ TGEQOOGPFCVKQPU

. Set a strategy to capture wastewater

. Set a strategy for all wastewater companies to focus improvements on energy consumption, energy
production and becoming clean energy positive.

.Ensure that there is clear regulatory regime governing the outputs of co-digestion providing general
protection of any receptor.

4.3 Agricultural feedstocks

Agriculture lies at the heart of many fundamental global challenges faced by humanity, including food
security, economic development, environmental degradation and climate change. It is the world’s largest
driver of species loss and habitat conversion and is a major contributor to toxic and nutrient pollution, soil
degradation and invasive species introductions. These adverse impacts will only continue to grow as global
population and income levels rise.

Global agricultural production has nearly tripled over the last 50 years and is likely to increase by a further
QT OQTG KP VJG 2TUV JCNH QH VJG UV EGPVWT[ CU VJG INQDCN RQRWN/
in 2020). The agricultural sector is also a major contributor to GHG emissions. Most studies attribute ~10% of
all global GHG emissions to the production of food, feed, and biofuels, including emissions from agriculture-
FTKXGP NCPF WUG EJCPIG ~ZB¥Gvian/daidestatidn ®iagvicplture is included 4

Many of the sources of these emissions can be mitigated by the deployment of AD, as has been recognised
in the EU’s Methane Strategy 1% which advogates the very real and positive impacts biogas production
TGRTGUGPVU CU C EQUVY GZGEVKXG YC[ VQ CFFTGUU OGVJCPG GOKUUKQPU

The strategy says:

“Non-recyclable human and agricultural waste (i.e., manure) and residue streams can be utilised in
CPCGTQDKE FKIGUVGTU VQ RTQFWEG DKQICU QT KP DKQTG2PGTK(
bio-chemicals. The biogas resulting from such feedstocks is a source of highly sustainable and useful
renewable energy with multiple applications, while the material that remains after anaerobic digestion
(digestate) can, after further processing, be used as a soil improver.

“The collection and use of high methane emitting organic wastes or residues from farming as biogas
substrates should be further incentivised. This can be achieved, for example, through identifying best
practices for collection and/or harvesting of sustainable wastes and residues or by incentivising the use
of digestate as a sustainable soil improver in lieu of mined fertilisers. Sequential cropping can also be
used in combination with manure as feedstock for sustainable biogas production, while contributing to
sustainable farming practices, and as such could also be further incentivised.

The EU’s strategy calls for the promotion of opportunities to reduce emissions with support from the
Common Agricultural Policy.

1swww.wri.org/publication/achieving-abundance
4www.ipce.chisite/assets/uploads/sites/4/2020/02/SPM_Updated-Jan20.pdf
WJVVRU GE GWTQRC GW GPGTI[ UKVGU GPGT 2NGU GWAOGVJCPGAUVTCVGI[ RFH
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4.3.1 Manures and slurries

Cows, pigs and chickens produce over 33 billion tonnes of waste per year. Manure management is
responsible for the release of 403 million tonnes CO e each year.

Depending on the time these animals spend in housing, between 50% and 90% of this waste is readily

EQNNGEVGF CPF UVQTGF XCTKQWU HCEVQTU FGVGTOKPG JQWUKPI VKOG H
weather conditions to the intensity of farming practices. Assuming just 70% of this collected manure is treated

through AD, over 1,650 million tonnes CO,e emissions may be abated — more than the total annual emissions

of Japan, the world’s 6th largest emitter of GHGs % The modelling of AD’s emissions savings account for the

avoided direct-to-atmosphere methane emissions, the displacement of fossil fuels with biomethane, and the
TGRNCEGOGPV QH CTVK2EKCN HGTVKNKUGTU YKVJ FKIGUVCVG

MANURE STORAGE AD

N7

Methane emissions
to atmosphere

Methane
captured for use

Aerobic surface crust

Vs
Anaerobic
conditions
Anaerobic conditions throughout
below surface crust
Manure may be stored for several months before being Alternatively, manure can be fed directly into an AD tank,
spread to land. During this time, a surface crust will with minimal storage. This closed system captures all the
form where the waste is exposed to air. The manure methane, not only preventing GHG emissions, but forms the
below then decomposes in anaerobic conditions (i.e., no valuable fuel biogas. It's a win-win.

oxygen present). This process creates methane, which is
subsequently released into the atmosphere.

At present, almost all the manure collected worldwide is stored for several months and spread to land

WPVTGCVGF 'WTKPI VIJKU VKOG OGVJCPG KU DGKPI TGNGCUGF KPVQ VJG C
global emissions. By digesting this waste, emissions are minimised, and biogas is created. Moreover, all of

VIJG PWVTKGPVU JGNF YKVJKP OCPWTG CTG TGVCKPGF ¥ TGE[ENKPI XCNWCL
back to land through the spreading of digestate (see Chapter 5).

18https:/data.worldbank.org/indicator/EN.ATM.GHGT.KT.CE?most_recent value_desc=true
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The following map displays the average annual emissions from manure management (all animals) by country

between 2008-2018°" Countries within Asia are responsible for the greatest proportion of these emissions
URGEK2ECNN[ &JKPC ,PFKC CPF 5WUUKC (WTQRG CPF VJG $OGTKECU C

respectively. Moreover, these total emissions have risen consistently during this 10-year period, intensifying

the need to address this global issue.

Annual GHG emissions (CQe) from manure management 2008-2018

In terms of animals, manure from cows contribute the most to these global emissions — 44% of total manure-
based GHG emissions each year. Pigs are second with 34% and chickens are third with 8%. The remainder arises
HTQO QVJGT HCTOGF CPKOCNU UWEJ CU DWZCNQ ECOGNU VWTMG[U JQTUG

While manures and slurries have a lower biogas yield compared to other feedstocks, owing to the fact that it

JCU CNTGCF[ DGGP FKIGUVGF D[ VJG CPKOCN VJG VQVCN COQWPV QH YCUYV
green energy — nearly 4,000 TWh per year. Again, this assumes that 70% of manures currently collected are

digested.

CIRCULAR ECONOMY

CARBON SAVINGS

'"KURNCEGF CTVKZ2EKC
fertiliser

Nitrogen = 3,060 tonnes 18,000 tonnes of COe

Phosphorus = 1,445tonnes 1,500 tonnes of COe

Potassium = 3,740 tonnes 2,200 tonnes of CO,e

@ Rcturn nutrients
to farm

Livestock

Avoid emissions Avoided methane
from no treatment emissions

66,000 tonnes of CO.e
of farm manure
Generate
renewable energy
— Displaced fossil energy
__ 412 GWh of biogas 74,000 tonnes of CO.e
%GPG2VU TG .
community Total:
~161,000 tonnes
of CO,e

W7http:;vww.fao.org/faostat/en/#data/GMNisualize
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4.3.2 Crop residues

An estimated 2.5 billion tonnes of crop residues are produced each year. Crop residues refer to the non-
edible plant material left from harvesting and processing food crops (rice, wheat, maize, rye etc.). This
organic material is typically ploughed back into soil untreated or burnt, expelling particulate matter into the
atmosphere, adversely impacting air quality.

However, the full value of these bioresources is not being realised. Crop residues typically have a high biogas
potential. If 80% of this material is collected and digested, over 4,700 TWh of biogas could be generated. This
energy could help power farms and provide fuel for these rural, often remote, communities.

The burning of crop residues is another major source of air pollution, particularly in India and China. In

India, the two regions most impacted by this are the Punjab and Haryana where an estimated 35 million
tonnes of stubble from rice are burnt in the autumn months to accelerate the planting of winter crops % The
smoke from burning drifts across major urban areas and the air quality of New Delhi is notoriously impacted
with major repercussions in terms of respiratory illnesses. Despite government announcements restricting
such practices, including making burning illegal, the situation seems far from being resolved as alternative
treatments cost farmers more than their incomes allow and no incentives to cover the additional cost is
currently available.

Similarly, in China there has been widespread burning of agricultural residues where approximately 20% of
all stubble is burnt 1% However, the Chinese Government has introduced incentives against burning, in order
to spur farmers to plough residues into the soil, use them for biogas production and other uses. This subsidy,
or incentive, is applicable if a minimum 70% of the feedstock is crop straw, husk and or corn crop and pays

&1l< M:J 86 M:J KP E®N WH&RuclgIZmust be done, some 80% of straw residues are
now either reused, ploughed in, or consumed in other ways ! Sending these residues to AD would not only
improve air quality but provide local farms with clean energy and organic fertiliser — improving health and
supporting energy and food security.

CIRCULAR ECONOMY

CARBON SAVINGS
Return nutrients

to farm '"KURNCEGF CTVKZ2EKC
fertiliser

Nitrogen = 3,060 tonnes 18,000 tonnes of COe

Phosphorus = 1,445tonnes 1,500 tonnes of COe

Potassium = 3,740 tonnes 2,200 tonnes of CO,e

g9ssss,
LYY
v9ssss,
QNN
g99sss,
QAN

Crop residues

:
!

from no treatment emissions
>0 tonnes of CO_e
of crop residues
Generate
_ renewable energy
Displaced fossil energy

%GPG2VU TG — 2,378 GWh of biogas 425,000 tonnes of CO_e
community

Total:
~450,000 tonnes
of CO,e

18ww.theguardian.com/world/2019/nov/08/indian-farmers-have-no-choice-but-to-burn-stubble-and-break-the-law
9www.sciencedirect.com/science/article/abs/pii/S0048969719301676

“ayww.mdpi.com/2071-1050/12/4/1490

Uvww.mdpi.com/2071-1050/11/6/1762/pdf.
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The International Energy Agency (IEA) say crop residues provide around half the global biogas potential

today, particularly across Asia and Central South America. The sustainable feedstock in Africa is smaller

DWV YQWNF PQPGVJGNGUU DG UW*EKGPV VQ OGGV VJG PGGFU QH VJG Ot
remain without access to electricity. Over 2.6 billion people lack access to clean fuels for cooking; four million

people die a year as a result of current practices using wood or kerosene.  Furthermore, the IEA estimate that

by 2040, the agricultural sector will remain the largest contributor to global biogas supply potential, with crop

residues accounting for over 40% and animal manure for 35% of the total. Availability of animal manure as a

feedstock is projected to increase by around 2.5% on average each year, double the rate of increase for crop

residues.

Manures, crop residues, animal waste and agricultural by-products form part of a large variety of

agricultural feedstock for biogas with little or no other commercial value. Hence, at farmer scale, the most

WUWCN YC[ QH JCPFNKPI CPKOCN YCUVG KU FKTGEV URTGCFKPI VQ UQKN Y
emissions of GHG.

4.3.3 Sequential Cropping

3JQVQU[PVIJGUKU KU PCVWTG2U YC[ QH UVQTKPI ECTDQP *NQDCNN[ RNCPV I
around 100 billion tonnes of CO, annually, >15% of the total in the atmosphere. The more of the planet that is

covered in vegetation the greater the levels of CO , will be drawn down. This simple principle underpins many

of the actions called for in the IPCC'’s latest assessment report.

Thanks to the organic matter they contain (from plants and microorganisms), soils store two- to three-times
more carbon than the atmosphere. Increasing the annual carbon stock in agricultural soils by 0.4% (or 4
per 1000) in the top 40 centimetres of soil would, in theory, be equivalent to the increase of annual carbon
emissions caused by human activity (4,900 million tonnes); i.e. it would make human activity carbon neutral.
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A recent study on how to achieve this undertaken by INRA, France’s new National Research Institute for
S$ITKEWNVWTG )QQF CPF (PXKTQPOGPV JKIIJNKIJVGF VITGG MG[ CEVKQPU C
the carbon content of soils: double cropping, minimum tillage and the use of new organic resources such as

digestate and biochar.

These are the three key pillars of the Biogasdoneright™ model . Widely practiced in Italy, this farming system is
based on a model developed for biofuels production by Professor Bruce E Dale of Michigan State University.
This Biofuels Done Right study set out to show how using less than 30% of total US cropland, pasture and
range, 400 billion litres of ethanol could be produced annually  without decreasing domestic food production
or agricultural exports . “This approach also reduces US greenhouse gas emissions by 670 MtCO e per year,
or over 10% of total US annual emissions, while increasing soil fertility and promoting biodiversity. Thus, we
can replace a large fraction of US petroleum consumption without indirect land use change.”

This was the blueprint that inspired CIB, the Italian Biogas Consortium. The model incorporates the principles

of conservation farming, which in southern Italy helps to retain humidity in the soils during the seeding

UGCUQP &QPUGTXCVKQP HCTOKPI KU FG2PGF D[ VJG 81 )QQF CPF $SITKEWNYV
VJCV RTQOQVGU VIJG OKPKOWO UQKN FKUVWTDCPEG OCKPVGPCPEG QH C R
plant species”.

One of CIB’s founding fathers Stefano Bozzetto says, “In farming we not only have to decarbonise, we are

called on to recarbonise our systems. We need farming to produce more by using resources in a more

G*EKGPV YC[ WUKPI NGUU NCPF CPF RTQFWEKPI OQTG RGT FTQR QH YCVGT
carbon, per unit of input”

8PFGT VIG WKQICUFQPGTKIJV U[UVGO PQ NKXGUVQEM G*WGPV KU FKURQUG
Bozzetto’s land is now covered for at least 11 out of 12 months, with winter and summer silage cover crops

sown after the main crop for feed or market. “This is now possible as there is local demand for it from an

AD plant.” Organic fertilisation is up to 80-90% from 1-3%. Mineral fertilisers are only used when digestate

is not available and occasionally during seed planting — nitrogen, potassium and micro-nutrients. The farm

has adopted a system of precision farming, using digital GPS, the Internet of Things (IoT) and drones to

monitor and map the land and soil health and dribble bar spreaders. The farm uses strip tilling as much as

possible, which is an evident and natural consequence of double cropping. “Precision farming is helping us to

maximise outputs from inputs,” Bozzetto says. “Soil carbon and biological fertility and soil compaction are not

a freak issue anymore but well understood.”
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The EU aims to switch 30% of farms to organic production by 2030, which will require an increase in the
availability of natural fertiliser. The above graphic shows how the Biogasdoneright model enables Italy to
achieve this.

In the US, a US$10m study is underway into a similar model to Biogasdoneright, known as C-CHANGE - the
&QPUQTVKWO HQT &WNVKXCVKPI +WOCP CPF 1CVWTCN TG*GPGTCVKXG (PVG
to create new value chains on US farms, with emphasis on the generation of renewable natural gas (RNG)

from ‘cover crops’ and the sowing of prairie grasses on marginal land. Meanwhile, the Agricultural Resilience

Act before Congress seeks to embed RNG production in agricultural systems to build rural economies and

farm resilience.

Reward environmental services

In rare instances the environmental services provided by AD have been recognised. Denmark is famed for

KVU DCEQP ,P VJG U RKIUPQVQTKQWUN[ QWVPWODGTGF RGQRNG VQ
OKNNKQP )CTOGTU TQWVKPGN[ URTGCF VJG RKI OCPWTG VQ VJG NCPF ECV
FKTGEVN[ KPVQ VJG YCVGTYC[U ECWUKPI GWVTQRJIJKECVKQP CFXGTUGN][ K¢
respectively.

A raft of environmental regulations was introduced as a consequence. A requirement to have enough slurry
storage for 6-9 months of the year and nitrogen limits on spreading to land meant farmers had to rethink
their manure management strategies. On the back of this, the Danish Energy Association, Environmental
Protection Agency and Ministry of Agriculture joined forces to develop the Biogas Action Plan (1988) (BAP).
Grants of up to 40% were made available for biogas development.

In 2015, experiencing similar adverse environmental impacts from a nutrient overload to Denmark, China

NCWPEJGF KVU 2TUV 2XG [GCT RNCP VQ RTQVGEV KVU YCVGTYC[U YKVJ DKQ
$NUQ KP YTCPEG KPVTQFWEGF C VCTKZ TCVG QH — RGT 0:J HQT WPKVU
CPKOCN OCPWTG D[ XQNWOG CU HGGFUVQEM ,V KU PGCTN[ VJTGG VKOGU V
HCEKNKVKGU CDQXG 0:J 7JG )TGPEJ VCTKZ YCU KPVTQFWEGF KP TGEC
services AD delivers, targeting farms with herds of up to 200 cows, or between 200 to 5,000 tonnes of organic

waste per year. It aims to enable small farms to reduce GHGs related to livestock manure and energy

consumption; reduce the strong odours associated with the use of untreated manure as fertiliser; minimise

VJG PGGF VQ VTCPURQTV VJG QTICPKE KPRWVU HQT VTGCVOGPV CPF DGPG
details as being easier to spread, with fewer weeds, less need for pesticides and petro-chemical fertiliser.

These initiatives, however, are the exception rather than the rule. Nutrient management plans, sustainability
criteria for crop feedstocks, crop residue management, use of manures, are all important for the development
of rural biogas where the potential for building small to medium sized plants remains largely untapped.

Rural development of biogas is especially relevant to delivering certain SDGs, especially in regard to gender
GSWCNKV[ HCTO [KGNFU FTQWIJV CPF FGUGTVK2ECVKQP OKVKICVKQP CPF
multiple business and positive environmental and social outcomes to farmers around the world. It presents

an opportunity to diversify the business and generate renewable energy, helps manure management and

provides a platform for improved soil management techniques and nutrient management plans through the

use of digestate.

Deploying on farm AD facilities will require governmental support and will be paramount to achieve net zero

across agricultural production and land use. One way of helping in this transition is by developing forms

QH ECTDQP CEEQWPVKPI DGPG2VKPI HTQO VIJG RTQXKUKQP QH PGICVKXG G
climate-friendly agricultural production.
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4.4 Overview of policy recommendations

Support for wastewater treatment infrastructure

Management of wastewater is not only a climate priority but an essential for human health to deliver
hygienic sanitation systems. Developing sanitation infrastructure, which also anaerobically digests the
collected wastewater, should be a priority for any national government. In parts of the world where
sanitation systems are still rudimentary, integrated infrastructure can be developed that incorporates AD
in the sewage treatment process, generating the energy requirements of the intensive treatment process
on-site, using biogas. These sanitation solutions can be large scale or community systems depending on
the political will and project funding available.

B3TQLGEVU NQQMKPI VQ FGXGNQR NQY ECTDQP UCPKVCVKQP KPHTCUVTWE
funds such as the UNFCCC's Green Climate Fund or alternative funds to support progress towards the

Sustainable Development Goals, which must be met by 2030. In countries and localities that already

have established sanitation systems, the infrastructure should be developed to incorporate AD into the

treatment process to use the wastewater to generate energy, which again can be used in a circular way to

power the energy-intensive treatment process.

Organic material management hierarchy

Across all organic wastes being generated by human activities, there should be clear guidelines for the
OQUY TGUQWTEG G*EKGPV YC[ HQT VIJGUG OCVGTKCNU VQ DG VTGCVGF 7,
hierarchy in their guidance on food waste prevention and reduction, setting out that this organic material
UJQWNF 2TUV DG CXQKFGF CPF TGFKUVTKDWVGF YJGTG RQUUKDNG KH PQ
CPF KH VIJKU KU PQV RQUUKDNG VJGP CU C NCUV TGUQTV KV UJQWNF 1Q V

While this is valuable guidance it needs to be adopted more widely and the scope expanded to cover all
QTICPKE OCVGTKCNU ,V KU CNUQ PQV UW.EKGPV QP KVU QYP VQ FGNKXG
VQ DG CEEQORCPKGF D[ GPHQTEGOGPVY RQNKEKGU UWEJ CU C DCP QP CN
supportive tax structure that makes the most environmentally friendly treatment method, namely AD, also
VJG OQUV EQUV GZGEVKXG HQT DWUKPGUUGU UWEJ CU HQQF OCPWHCEVV

Food waste collection and treatment

Currently around one-third of all food grown for human consumption is thrown away . As an urgent

priority, countries worldwide must reduce food waste production. While some of this waste can be

redistributed to humans or animals, and should be, it is vital that the unavoidable food waste is treated

as the valuable resource that it is. The introduction of separate food waste collections is another key

policy that must be implemented to deliver a more climate compatible waste management system. Many

countries such as Wales, South Korea and Sweden already have separate food waste collections and

there are plans in place to introduce separate food waste collection across the EU by 2023. In much of the

INQDCN PQTVJ UGRCTCVG HQQF YCUVG EQNNGEVKQP UJQWNF DG KORNGO
across both urban and rural areas.

In the global south, separate food waste collections should be a policy priority for urban areas,

particularly as these will be the most densely populated areas where the majority of a country’s food

waste is generated. In more rural areas, policies should be introduced to develop small-scale community

AD projects that can capture local food waste, along with any farm waste and combined with local

sanitation solutions. This should be developed as a community grant scheme to support the initial capital
KPXGUVOGPY TGSWKTGOGPV ,H IQXGTPOGPVY HWPFKPI KU PQV CXCKNCDN
Green Climate Fund and other green development funds (see Chapter 3).

3nww.unenvironment.org/thinkeatsave/get-informed/worldwide-food-waste
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Sustainable agriculture payment scheme for farm waste treatment

Agriculture is the largest single source of human caused methane emissions 2 responsible for over two-

2HVJU INQDCNN[ YKVJ NKXGUVQEM TGCTKPI CPF TKEG EWNVKXCVKQP VJG
emissions there must be a radical shift in how we grow our food. Methane emissions from both livestock

TGCTKPI CPF TKEG EWNVKXCVKQP ECP DG UKIPK2ECPVN[ TGFWEGF KH VJG
i.e., manures, slurries and rice straw, are treated through AD. Other organic farm wastes can be diverted

to AD to prevent potential GHG emissions being released if they are not managed sustainably, which will

further contribute to carbon emission savings from the agricultural sector.

Policy to support a transition to more sustainable domestic agricultural systems is therefore vital to
limiting global warming to 2 °C or below. Strategic frameworks to mitigate methane emissions, following
the example of the EU’s Methane Strategy, must include treatment of farm wastes through AD to cut
agricultural emissions with robust domestic policies to support this. Sustainable agriculture schemes
should be developed that reward farmers for environmental farming practices, and these must include
payments for the treatment of methane emitting farm wastes through AD. In addition, countries that
already have agricultural support systems in place that make payments according to size of land
cultivated, such as the EU, need to overhaul these and replace them with payment systems based on
environmental services delivered.

www.climatewatchdata.org/data-explorer/historical-emissions?historical-emissions-data-sources=cait&historical-emissions-gases=all-

ghg&historical-emissions-regions=All&historical-emissions-sectors=total-including-lucf&page=1
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Chapter 5: Digestate Policy

By volume, digestate is the greatest output from anaerobic digestion (AD). “Digestate” describes the feedstock

CHVGT KV JCU DGGP FGICUUGF 6EKGPVKUVU IGPGTCNN[ CFF VJG UW+Z ©CV
the by-product of anaerobic digestion is therefore digest — ate, the consequence of digestion. For every tonne

of feedstock degassed within a digester, ~50-85% by weight emerges as digestate.

Digestate is a natural fertiliser, recovering and recycling nutrients from treated feedstocks. From a life cycle
RGTURGEVKXG $' TGEQXGTU PWVTKGPVU VICV QVIJGTYKUG YQWNF JCXG DG
nutrients held within organic wastes are retained within digestate. As such, digestate is also referred to by

UGXGTCN QVJGT PCOGU YQTNFYKFG KPENWFKPI DKQHGTVKNKUGT CPF QTIC

The nutrient value of digestate makes it a ready replacement for fossil-heavy mineral fertiliser and its use
should be encouraged in the drive to decarbonise agriculture. See Digestate Policy Timeline, p94.

$' ECP DG XKUWCNKUGF CU C URGEVTWO TWPPKPI HTQO YGV VQ FT[ 7JG V(
at any point in between. In Italy, for instance, you will hear some operators refer to their AD plant being

medium dry — referring to both the feedstock input and digestate output. Dry AD treats materials with higher

lignin content — such as agricultural straws, or green waste from parks and gardens. Wet AD treats feedstock

with a higher liquid content, such as manures, slurries and food wastes. What goes in determines both the

consistency and nutrient content of the digestate.

Generally, digestate typically comes in three forms:

a. Whole Similar in appearance to livestock slurry, often with less than 5% dry matter (DM), this material
comes straight out of the digester

AD plants may choose to then separate digestate into its two component parts:

b. Liquor A liquid biofertiliser where most of the dry matter has been separated out
c. Fibre A solid biofertiliser composed of the remaining separated dry matter.

5.1 Fertiliser markets

In this chapter, all references relating to fertilisers are in terms of the three primary plant nutrients: nitrogen
(N), phosphorus (P), and potassium (K). When these nutrients are discussed together, they are often referred
to as NPK. The following details the typical nutrient content of digestate derived from food- and farm-based
feedstocks:

Nitrogen, along with phosphorus, is one of the key building blocks of life; all organisms require nitrogen to
live and grow. Although the majority of the air we breathe is N, most of the nitrogen in the atmosphere is
unavailable for use by organisms. This is because of its complex ‘unreactive’ structure.

Plants need reactive nitrogen to thrive, which they traditionally derived from the centuries old organic wastes
contained in soils, which delivered nitrate from the stored organic matter as it migrated closer to the surface.
Microbial activity and environmental conditions (soil moisture and oxygen levels, for example) convert
nitrogen into this reactive state, suitable for plant absorption.
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Use of digestate on farms

Digestate Policy Timeline

(1) (ZGEVKXG TGIWNCVKQP CPF IWKFCPEG UJQWNF DG RWV KP RNCE
renewable fertiliser instead of fossil-heavy mineral fertilisers. This should cover best practice spreading
techniques, nutrient management plans, and optimal timings for spreading to deliver greatest value

back to the soil and support crop yield. The regulations should also support mitigation of environmental

risk as with all fertiliser use. This should aim to minimise ammonia emissions from digestate storage and
spreading.

(2) Regulation must be developed to ensure food waste sent to AD plants is of a high quality and is
not contaminated with plastic such as food packaging or other contaminants. While these can be
removed as part of the AD process, fragments will remain and the cleaner the waste received by the
plant the less risk there is of contaminants being spread to soil. The regulations should set limits on
contamination levels allowable in feedstock received and place the responsibility on the producer of
the waste to prevent contamination.

(3) Incentives should be put in place to reward sustainable agriculture. In areas of the world where

agriculture is heavily dependent on subsidy systems, these payments should be overhauled to
incentivise sustainable agricultural practices, particularly cutting carbon emissions. Such payment
systems to reward sustainable agriculture must include the utilisation of digestate in place of
fossil-heavy mineral fertilisers when spread in line with best practice techniques. This should be
accompanied by targets for the level of renewable fertilisers in use.

(4) Innovation funding should be provided for the development of new technologies to prevent fugitive
ammonia emissions from the spreading and storage of digestate to further mitigate the environmental
risk associated with this. Grant funding should be available for development and commercialisation as
well as the adoption of novel technologies.

Biogas industry maturity
Number of plants, investment potential, policy implementation
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The following tables present the typical nutrient content of digestate from food-based and farm-based
digestate via wet AD. Note, that digestate from dry AD has much higher dry matter content, with a consistency
and nutrient concentrations closer to compost. Discussed in more detail later in the chapter, wet-AD digestate
can act as a valuable fertiliser, whereas dry-AD digestate and compost are better suited as a soil improver,
supporting soil structure. Both soil fertilisers and improvers can play a vital role in improving agricultural
productivity.

Nutrient values of digestate

Typical total nutrient contents for food-based digestate Typical total nutrient contents for farm-sourced digestate
Dry Dry
Total Total Total Total Total Total Total Total
Type matter Total N Type matter Total N
- % - 2 : K ° Mgo SO 73 P205 KZO Mgo 503
- kg/m? or kg/t kg/m 2 or kg/t
Whole 4.1 4.8° 1.1 2.4 0.2 0.7 Whole 515! 3.6%0 1.7 4.4 0.6 0.8
Separated b Separated b
v 3.8 4.5 1.0 2.8 0.2 1.0 en 3.0 1.9 0.6 25 0.4 <0.1
SEEElEd 27.0 8.y 102 30 22 41 SEEEiEd 24.0 5.6° 4.7 6.0 18 21
fibre fibre

© Nutrient Management Guide (RB209)

P VJG *TGGP 5GXQNWVKQP KPVTQFWEGF VJG PGY CIG QH CITKEWNVW
CPF PGY KPFWUVTKCN GSWKROGPV UKIPK2ECPVN[ KPETGCUGF CITKEWNVWT
agriculture’s reliance on mineral fertilisers has increased year on year.

OKPGTCN HGTVKNKUGTU CTG HGTVKNKUGTU OCPWHCEVWTGF WUKPI CTVKZ2E]
By far, the most common process is the Haber Bosch, which combines nitrogen gas (N ,) from the atmosphere

with hydrogen from fossil natural gas (CH ) to form liquid ammonium (NH ,). This process requires vast

guantities of natural gas and energy. According to multiple studies, this uses 3-5% of the world’s natural gas

production — around 1-2% of the world’s annual energy supply — to produce around 450 million tonnes of

nitrogen fertiliser a year.

Natural fertiliser avoids all this. Digestate can help displace the demand for mineral fertilisers, providing

nutrients recovered from organic wastes. Digestate consequently cuts our reliance on fossil natural gas, the
need to transport these fertilisers worldwide, and all the emissions incurred from this supply chain.

One tonne of mineral fertiliser One tonne of natural fertiliser

r

REPLACED BY

CAN SAVE
One tonne 108 tonnes 5-9 tonnes CO e
of oil of water emissions

5
‘e
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Since the Green Revolution farmers have relied on applying reactive nitrogen, primarily in the form of nitrates
(NO,) — ammonium nitrate being among the most popular - to increase yields. However, reactive nitrogen

also allows the microbes that convert unreactive nitrogen to NO , to thrive. This serves to weaken soil structure
and ultimately causes the release of ammonia and nitrous oxide (N ,0). This degradation is accelerated by
repeated compaction and ploughing.

Furthermore, if too much NO , is applied, leaching occurs, from both the nitrate applied and the nitrate
converted from stored organic matter. The critical issue here is that while the release of such gases is
statistically small compared to CO _, they are much more harmful pollutants: N ,O is 300 times more potent
than CO, as a GHG, and ammonia reduces air quality and drives eutrophication and aquatic ecosystems.
The cost of the overall N,O damage is £60-80 billion a year, a sum more than double the extra income
gained from using nitrogen fertilisers in European agriculture %4

The cycle of manufactured nitrogen is unsustainable. When applied to crops only about ~30-40% goes to the
food chain, with the remainder being lost to the atmosphere or waterways. On top of this, 12.5% of the food
chain nitrogen is excreted by humans and sent to wastewater treatment plants to be returned to atmospheric
nitrogen through aeration, using again two litres of fossil fuel to produce one kilogram of nitrogen.

“Using such quantities of fossil fuel energy to take from and then return nitrogen to the atmosphere is simply
not sustainable,” says Professor Willy Verstraete of Ghent University*!s

2% 4%
3%

QMorocco & Western Sahara
China

QUnited states

QJordan

QOthers

The global distribution of phosphate reserves

Phosphorus is also critical for food production, requiring 3kg per person per year. 85% of the world’s

phosphate rock is located and mined in Morocco. The Global Phosphorus Research Initiative, led by Swedish

and Australian scientists, estimates that the world’s readily available phosphorus supplies will be inadequate

to meet agricultural demand within 30 to 40 years. Others predict shortages sooner rather than later.

(UVKOCVGU HQT YQTNF TGUGTXGU CPF TGUQWTEGU QH RIQURJICVG TQEM X
assumptions about economic viability, technologies for access and extraction and with new exploration

data. IFA (International Fertiliser Association) data indicates ~270 million tonnes of phosphate rock are sold

annuallyy 116
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Today, the world can produce almost three-times as much cereal from a given area of land as it did in 1961,
principally as a result of intensive farming methods with a reliance on mineral fertiliser.

The price of mineral fertiliser is forecast to increase over the remainder of the decade (see chart below). Note
also the sensitivity to geo-political events — the 1970s oil crisis and 2008 crash.
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OKPGTCN HGTVKNKUGTU FGNKXGT PQ QTICPKE OCVVGT VQ VJG UQKN
law of diminishing returns — more needs to be applied to maintain yields to compensate for the damage to
soil. Fertiliser consumption varies widely worldwide 7

.Brazil , ~186 kg per hectare of arable land

.China, ~503 kg per hectare of arable land

.Democratic Republic of Congo , 3 kg per hectare of arable land
.India, ~165 kg per hectare of arable land

.Indonesia, ~231 kg per hectare of arable land

.Ireland , >1,240 kg per hectare of arable land

.Morocco, ~71 kg per hectare of arable land

. South Africa, 59 kg per hectare of arable land

.USA ~138 kg per hectare of arable land

. UK ~253 kg per hectare of arable land

5.2 Soil organic carbon

All soil is composed of four fundamental components: minerals, water, air, and organic matter. It can take
many hundreds of years to form but can be destroyed very quickly (sometimes within decades) through poor
land management practices. While organic matter represents the smallest fraction by volume in most soils
(typically <5%), its presence often determines the soil’'s health and productivity. Soil organic matter (SOM)
crucially supports soil structure and its ability to retain nutrients and water necessary for plant growth.
Increasing organic matter content results in increased crop yields, particularly in soils with less than 2%
SOme

Moreover, SOM is carbon rich. Around 560,000 million tonnes of carbon are stored in SOM — this is the
equivalent to 70% of all carbon in the atmosphere !° Therefore, soil is one of the largest carbon sinks in the

& QP U

YQTNF NQEMKPI CYC[ UKIPK2ECPV SWCPVKVKGU QH ECTDQP CPF RTGXGPVK

And yet, global levels of SOM are in decline, posing concerning risks to agricultural productivity and global
warming.

Haney: “We know that over the past 50 years the levels of organic matter — it is kind of a

standard test for soil in terms of its health and fertility — have been going way down. That's
CNCTOKPI :G UGG QTICPKE OCVVGT NGXGNU KP UQOG 2GNFU Q
pasture sitting right next to it where organics levels are 5-6%. So that is how drastically we have

altered these systems. We are destroying the organic matter in the soil, and we've got to bring

that back to sustain life on this planet. The good news is that soil will come back if you give it a

chance. Itis very robust and resilient. It's not like we have destroyed it to the point where it can’t

DG 2ZGF 7JG UQKN JGCNVJ OQXGOGPV KU VT[KPI VQ DTKPI VJQ
a higher functioning state.”

What has caused this decline in soil quality?

Haney: “We see that when there is a lot of tillage, no cover crops, a system of high intensity
[chemical-dependent] farming, that the soil just doesn’t function properly. The biology is not
doing much. It's not performing as we need it to. We are essentially destroying the functionality
of soil, so that you have to feed it more and more synthetic fertilizers just to keep growing this
crop.”

USDA Researcher Rick Haney speaking to Yale e36C

Whttps:/data.worldbank.org/indicator/AG.CON.FERT.ZS?end=2016&start=2002
Uhttps:/environment.yale.edu/news/article/commonly-held-premise-on-link-between-soil-carbon-and-crop-yield-is-valid-to-a-point/
“www.nature.com/scitable/knowledge/library/soil-carbon-storage-84223790/
120https:/e360.yale.edu/features/why-its-time-to-stop-punishing-our-soils-with-fertilizers-and-chemicals
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Q\ery degraded soil
QDegraded soil

Stable soil

Without vegetation

© Living Planet Report 2016

Over the last 40 years about 30% of the world’s cropland has become unproductive, with an estimated 10
million hectares of agricultural land being lost through soil erosion every year 2 The United Nations’ Food and
Agriculture Organization (FAO) reported in 2015 that global soils were degrading so quickly that there may

only be 60 harvests left 12

Mineral fertilisers do not contain organic matter. Therefore, each year the soil’s natural organic matter is
eroded away by farming equipment and weather, and not replaced.

,P C DTKG2PI PQVG VQ VJG ,3&& UEKGPVKUVU HTQO VJG 8PKXGTUKV[ QH 6J¢(
YWVWTGU YCTPGF VICV GTQUKQP TCVGU HTQO RNQWIJGF 2GNFU CXGTCIGU
formation and leads to preferential removal of organic matter and clay, removing nutrients and releasing
CO..

2

“Soil is becoming a hydroponic system: a physical substrate to support plants but providing little else. In
particular, deep ploughing has caused a decline of soil organic carbon, reducing soil’s abilities to retain water
and supply nutrients, and a loss of structure that allows rapid soil erosion %"

To futureproof agriculture, the report called for a radical shift in farming practice, from the current intensive

farming model to what it called “a model for sustainable intensive farming”, incorporating natural (organic)

fertiliser application, including the recycling of nutrients from sewage, crop rotation, reduced ploughing and

ETQR FGXGNQROGPV VQ DWKNF WR PCVWTCN TGUKNKGPEG CPF YGCP ETQRI

It describes a whole-systems approach similar to the Biogasdoneright model (see Chapter 4.3 Agricultural
feedstocks). In a study undertaken for the Society of Chemical Industry, Professor Bruce E Dale of Michigan
State University concluded “soil carbon levels are further enhanced by the double-crop, primarily by
decomposing roots from the double-crop”.

2yww.iswa.org/media/publications/iswa-soils-project/
2ywww.fao.org/soils-2015/events/detail/en/c/338738/
% JVVR ITCPVJCO UJG*GNF CE WM UQKN NQUU CP WPHQNFKPI INQDCN FKUCUVGT
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He continued, “Thus the double-crop also increases soil organic matter and soil fertility. Long-term digestate
CFOKPKUVTCVKQP VQ VJG 2GNFU ECP NGCF VQ JKIJGT QTICPKE OCVVGT EQP
long-term soil carbon sequestration. Thus, the fertility of the farm increases over time by applying digester

UQNKF TGUKFWGU CPF VJG HCTO DGEQOGU OQTG ECRCDNG QH HQQF RTQFW
ETQRRKPI JG UCKF YGTG TGFWEGF UQKN GTQUKQP HWTVJGT RTQVGEVKPI U
soil nutrients for recycling on farm, which served to protect water supplies. Dale said, “The overall system

therefore functions as a biological carbon capture and sequestration (BECCS) process 124

A further report into the system, % KQICUFQPGTKIJV 6QKN &CTDQP 6GSWGUVTOYKQP CPF
%G\\K OCIIKQPK CPF 3KGTQPK EQPENWFGF VIJCV 8VJG EQPVKPWQWU CRRNE
on the content of soil organic matter content, which increased by 0.5%, from 2.2% to 2.7% in seven yearsThis

EQP2TOU VJG RQUKVKXG GZGEV QH EQPVKPWQWU KPRWV QH QTICPKE OCVV«

A UK study undertaken by Future Biogas delivered similar results.
Increasing soil organic matter with digestate CcO
Jon Myhill, Technical Feedstock Manager 150

YKVI YWVWTG %KQICU TGRQTVU UKOKNCT 2PFKPI
from a study looking at the interaction

of liquid digestate on a light Norfolk soil 50

in the UK. The trial found that repeated -

applications of digestate increased 0

microbial biomass and organic matter, Field 40 Sept 16 Field 40 Sept 17  Field 40 Sept 18
therefore improving the health of the soll, Soils becoming “healthier”; CO , burst, measuring the microbial
and resulting in improved yields. biomass indicator species. Multiple applications of digestate on an

annual basis have increased the level of micro biological soil life.
From the study he concluded, “Potential
increases in both organic matter and CO2
microbial biomass levels are possible with
the use of energy crops and the use of the 150
resulting digestate. Light, overworked soils
are particularly prone to erosion without the
increases in soil life we are demonstrating 50
with applications of digestate.”

100

0 [
2VIJGT MG[ 2PFKPIU HTQO VJG )WVWTG %K Qayqys 2012 Farrows 2017
trial were: '"KZGTGPV NQECVKQP QH C NQPI VGTO OQPKVQTGF
been receiving regular applications of digestate since 2012,
.Sugar beet yields: In 2017, a large showing a 12-fold increase in microbial biomass

Estate in north Norfolk concluded that

they achieved 11% more yield where

solid digestate was used as part of the 25
fertiliser programme for sugar beet,

EQORCTGF VQ WPVTGCVGF 2GNFU 7J
EQPFWEVGF QP JC 7JG OCKP DGPG
was the slow release of the available 1
nutrients, especially nitrogen in this 0.5
case 0

OM

cu

) Field 40 Sept 16 Field 40 Sept 17 Field 40 Sept 18
.Rotations: The use of energy crops

allowed the farmers to extend their Organic matter, showing an increase on 2016 initial start — 11% increase

crop rotations, coupled with adding from the base level; 1% organic matter will hold 75,000 litres of water

extra organic matter back into the per hectare. Therefore, the soil is more resilient to drought. The above

soil; using digestate did boost the trial also looked at how the maize yields where were impacted: Year 1

fertility of their soil and their farm’s DGHQTG FKIGUVCVG CRRNKECVKQP VJG 2GNFU YGTG
QXGTCNN RTQ2VCDKNKV[ 7JGU[BGNET &GCT CCH¥YGT TGRGCVGF FKIGUVCVG CRRNF
experiencing improved yields in crops 3% behind average. Not only did the soil become more fertile and

like cereals, potatoes and sugar beet. JGCNVJIKGT VJG HCTOGT UCY C 2PCPEKCN DGPG2V H

24www.researchgate.net/publication/305371248_Biogasdoneright_An_innovative_new_system_is_commercialized_in_Italy
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The benchmark study on the use of natural fertilisers in the UK was undertaken by DC Agri on behalf of
WRAP. The study looked at the impacts of digestate (household and farm wastes), slurries, farmyard manures

)<O0 CPF EQORQUYV QXGT C 2XG [GCT RGTKQF ,V CNUQ HQWPF FKIGUVCVG Y
available nutrients (NPK) and organic matter.

Digestate’s capabilities as a soil improver have often been overlooked as it compares unfavourably to

EQORQUV KP EQPVCKPKPI OQTG TGCFKN[ CXCKNCDNG PWVTKGPVU 5%$1 HQ
matter’ (EOM) which is required to improve soil organic matter (hummus).

s 5
8 -
£, I e TN
2
©
=
o
L 5
Green *TGGP HQQdd-based Farmyard Livestock
compost compost digestate manure slurry
(3yrs) (3yrs) (3yrs) (3yrs) (3yrs)

Soil organic matter content can be improved through the application of organic fertilisers over time. Results are expressed as a
RGTEGPVCIG FKZGTGPEG HTQO VJG EQPVTQN VTGCVOGPV DCIIGF HGTVKNKUGT QPN]

"KIGUV
akin to compost, but also provide all the key nutrients required for enhancing plant productivity.
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7JG EJCTV DGNQY TG3GEVU VJG 2PFKPIU QH C UVWF[ KPVQ VIG®TGURGEVKXC
It suggests that:

.An organic soil improver should contain a high level of EOM to contribute to soil organic matter and
should be low in nutrients as it is not a fertiliser
. For an organic fertiliser it is the other way around: high in nutrients and low in EOM.

2P VJG DCUKU QH VJKU ENCUUK?ECVKQP CPF HQT VIJG RWTRQUGU QH SWCP

.&QORQUVU ECP DG ENCUUK?2GF CU CP QTICPKE UQKN KORTQXGT
L KIGUVCVGU ECP DG ENCUUK?2GF CU CP QTICPKE HGTVKNKUGT

400

350

300 Organi ¢ soil impro ver
Food & green

250 waste-derived compost

200

150

kg EOM / kg of Nitrogen

100

Organic fert iliser
Digestate, farmyard
Sl slurries and manures

0 10 20 30 40 50 60 70
kg EOM / kg of Phosphorus (P205)

Re-drawn from Veeken et al. 2017

As addressed earlier in this chapter, the consistency of digestate will be determined by the feedstock and
process. Essentially, the higher the lignin content of the feedstock the greater the levels of EOM in the resulting
digestate. The practice of separating digestate also assists in this, with the solid DM delivering more EOM

and commonly spread prior to planting and the liquid fraction being used as crop fertiliser in the run up to
harvest.

In Italy, the two processes work in tandem. Agricultural digestate is generally directly applied as a fertiliser.
Food and green waste compost, however, is separated into solid and liquid fractions. The solid fraction

is composted and then used as soil improver, while the liquid fraction is either recirculated in the plant or
treated in wastewater treatment plants 2%

In Europe, many existing compost sites are upgrading to dry AD, to capitalise on the net energy balance

and conversely interest in Dry AD is increasing as the EU has a target to have 25% of agricultural land under
organic farming by 2025, “to produce food using natural substances and processes, leading to an agricultural
method with limited environmental impact. It encourages the use of farm-derived renewable resources, the
enhancement of biological cycles within the farming system, the maintenance of biodiversity, the preservation
of regional ecological balances, the maintenance and increase of soil fertility, and the responsible use and
proper care of water 127’

'"KIGUVCVG HTQO DQVJ YGV CPF FT[ $' CPF EQORQUV CTG VJG QPN[ OGCPU
— organic farming requires organic fertilisers and soil improvers.

25yww.iswa.org/media/publications/iswa-soils-project/
128https:/ec.europa.eu/environment/chemicals/reach/publications_en.htm

27https:/ec.europa.eu/commission/presscorner/detail/en/IP_20_1548
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5.3 Regulating digestate use

7JG DGPG2VU QH FKIGUVCVG CTG ENGCT ¥ KV ECP RTQXKFG C UWUVCKPCDN
structure and displacing the use of energy-intensify fossil-derived mineral fertilisers. However, like the use of
any fertilisers, regulations must be put in place to promote best practice.

The spreading of any fertilisers — including fossil-derived mineral fertilisers, raw manures, or digestate — can
ECWUG GPXKTQPOGPVCN KORCEVU KH RQQTN[ OCPCIGF 7JG HQNNQYKPI FG
how regulation on digestate can mitigate against them:

a. Eutrophication of freshwater. The term eutrophication is used to describe the process in which
a waterbody, such as a lake or river, becomes enriched with nutrients — primarily nitrogen and
phosphorus. Increased nutrient concentrations can result in algal blooms — periods in which rapid algae
growth covers the entire surface of the water. Under these conditions, the algae deplete oxygen levels in
VJG YCVGT TGUWNVKPI KP 8FGCF \QPGU"™ KP YJKEJ 2UJ CPF OKETQQTICP
algae also produce harmful toxins, capable of rendering freshwater undrinkable.

(WVTQRJIJKECVKQP CZGEVU NCMGU CPF TKXGTU YQTNFYKFG ,P VJG 86%
cause of freshwater impairment, costing an estimated US$ 2.2 billion each year 128

Agriculture is one of the leading causes of eutrophication worldwide. When fertilisers are spread to
land, their nutrients can be washed out of the soil by rainfall or irrigation and accumulate in freshwater
waterbodies. Again, this process can occur following the spreading of any type of fertiliser.

To tackle this issue and mitigate this risk, the EU adopted the Nitrates Directive %in 1991. This aims to
protect water quality across Europe by preventing nitrates from agricultural sources polluting ground
and surface waters and by promoting the use of good farming practices. The following details the
policies implemented to meet these goals:

.Measure the nitrate concentration within rivers and lakes , particularly those used for drinking
YCVGT :CVGT YKVJ PKVTCVG NGXGNU ITGCVGT VJCP Ol NCTG FGG(

.Designate Nitrate Vulnerable Zones (NVZs) to identify areas of land which drain into these ‘at risk’
YCVGTYC[U 1QVG TCVJGT VIJCP KFGPVKH[ URGEK?2E TGIKQPU UQOG
nitrate concentrations across all agricultural land — applying article 3.5 of the Nitrate Directive (see
map pl04).

. Establish a Code of Good Agricultural Practice. Introduce rules to place limits on quantity of
nitrogen applied to land within a year. These limits are determined by the crop grown, such that
PKVTQIGP FGOCPF DGVVGT OGGVU UWRRN[ VIJWU RTGXGPVKPI QXGT
nutrients. For example, to grow spring barley, a maximum of 150kg of nitrogen may be spread per
hectare. Rules also prevent spreading on land directly next to water and restrict application during
EQPFKVKQPU YJKEJ KPETGCUG TWPQZ TCVGU G | YJGP VJG ITQWPF
YGTG 2TUV KPVTQFWEGF QP C XQNWPVCT[ DCUKU DGHQTG DGEQOKPI
new rules.

.Require monitoring and reporting. EU member states are required to report on nitrate
EQPEGPVTCVKQPU 19= FGUKIPCVKQPU CPF YCVGT SWCNKV[ GXGT[ |

128https:/pubs.acs.org/doi/abs/10.1021/es801217q

12https:/ec.europa.eu/environment/water/water-nitrates/index_en.htmi
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Q'GUKIPCVGF 19=
QApplying Art 3.5

Source: EU’s Joint Research Centre (JRE)

As a result of the Nitrate Directive, nitrate pollution levels declined between 1992 and 2018, on average by
0.02% per year, yet reductions have slowed in recent years. The recent trend suggests that these rules may not
be stringent enough, with many waterways in Europe remaining ‘at risk. Nevertheless, the most polluted rivers
have seen the greatest improvements in water quality.

Regulations worldwide can play a vital role in preserving water quality. Fertiliser use should match the crop
demand, not only reducing the risk of eutrophication, but also preventing the wasteful use of resources. By
focusing on nitrogen limits and environmental conservation, governments can remain technology neutral,
meaning digestate is not disproportionately impacted by restrictive legislation.

Farmers will seek to use fertilisers with high concentrations of readily available nitrogen, to optimise the
nutrients delivered to crops while remaining within the total application limits. Here, digestate’s high levels of
readily available nitrogen can improve its desirability.

b. Ammonia emissions. All nitrogen fertilisers emit ammonia when stored in open containers and spread to
land. These fertilisers all deliver nitrogen to soils in the form of ammonium (NH ), a highly volatile liquid.
This chemical is readily converted to ammonia gas (NH ), where the rate of transformation can depend
on a range of factors, from soil pH, to temperature and humidity. Ammonia emissions can cause acid
rain, exacerbate eutrophication and harm public health. In the case of the latter, it can bind with other
air pollutants to form particulate matter (PM10) which contribute to respiratory diseases when inhaled.

According to the European Nitrogen Assessment*®! the damage of ammonia emissions to public health
CPF GEQU[UVGOU ECP DG XCNW G Figegtimated thaRab0%Meddction to agricultural
ammonia emissions could prevent more than 200,000 deaths per year.

0https:/water.jrc.ec.europa.eu/portal/apps/webappviewer/index.html?id=d651ecd9f5774080aad738958906b51b
BLIJVVRU WPGEG QTI 2NGCFOKP '$0 GPX FQEWOGPVU $,5 (0O(3A:*(A-QKPVAB6GUUKQP $UUGUUOGPVAS5GRQTVA
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Worldwide, 80-90% of total ammonia emissions arise from agricultural practices - of which, 75% comes
from livestock manure and 22% comes from mineral fertilisers **2 From the latter, it is estimated that
mineral fertilisers are responsible for the loss of between 1.9 and 16.7 million tonnes of nitrogen to the
atmosphere via ammonia volatilisation 3

Crucially, ammonia emissions represent a loss of nitrogen within the agricultural system. Nitrogen which, if
better managed, could be used to grow plants. Wasting nitrogen within agricultural systems serves only to
KPETGCUG PKVTQIGP FGOCPF UWKVKPI VIG GPGTI[ KPVGPUKXG OCPWHCE

To tackle this issue, the EU introduced the National Emission Ceiling (NEC) directive, setting limits on
emissions per country every 10 years. The following shows how these limits have helped curb ammonia
emissions across the EU and sets the future target for 2030:

To reach these targets, the UK is developing The Clean Air Strategy. Learning from experiences gained
from the Netherlands, this strategy focuses on two of the key sources of agricultural ammonia emissions:

. All stores of manure, slurry and digestate must be covered by 2027. Covering these organic
fertilisers inhibits the volatilisation of ammonia, thus reducing emissions. This legislation aims to
also reduce fugitive methane emissions from organic stores, as they continue to degas during
storage. Research suggests that the widespread adoption of better manure storage in the EU
— using concrete, corrugated iron or polyester caps on stores of organic fertiliser — could cut
regional ammonia emissions by up to 80% 13

.Low emission spreading equipment must be used by 2025. All slurry and digestate must be
applied to land using equipment which minimises ammonia volatilisation, such as trailing hose,
trailing shoe, or injection. It therefore seeks to ban the use of surface broadcast techniques, such
as the splash plate, which results in high ammonia emissions. The UK’s Code of Good Agricultural
Practice further dictates that fertiliser should be incorporated fully into the soil within 12 hours of
spreading; again, to mitigate emissions.

Many countries globally, including the USA and China, have very little regulation on fertiliser management
regarding ammonia emissions. However, in Colorado, USA, live weather updates provide an early warning
system to regional farms about incoming weather systems. Focusing on fertiliser management, this app
provides farmers with advice to when best to spread organic fertilisers to minimise ammonia emissions
(and eutrophication). However, following this advice is voluntary and unregulated.

Moreover, in the global south, many farms do not have the resources available to fully install equipment
to properly store and spread organic fertilisers. Development funds should not overlook the environmental
and health damage caused by ammonia when investing agricultural upgrades globally.

2www.yara.co.uk/crop-nutrition/agronomy-advice/reducing-ammonia-emissions-from-agriculture/
13https:/onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14499

134https:/fensia.com/features/ammonia/
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c. Plastic contamination. Depending on the source of organic feedstocks for AD, the resultant digestate
may contain varying levels of unwanted contaminants — most prominently from plastics. Plastic
contamination is most commonly derived from food waste originating from the latter stages of the
UWRRN[ EJCKP UWEJ CU JQOGU CPF UWRGTOCTMGVU 7JG RWDNKE OC]J |
HTQO VJG RCEMCIKPI CPF UWRGTOCTMGVU OC[ PQV CFGSWCVGN[ FG RCE
instance, educating the public about the value of removing all plastic from separated food waste could
help minimise the risk of spreading plastic-contaminated digestate to land; while incidentally also
serving to curb the levels of food being wasted.

AD plants treating waste with potential plastic contamination should remove all plastic prior to

digestion. In Scotland, to spread food waste derived digestate to land, digestate must comply with an

©(PF QH :CUVG2 URGEK2ECVKQP ¥ K G KV KU PQ NQPIGT EQPUKFGTGF C
D[ YCUVG FKURQUCN NCYU 7Q OGGV VJKU URGEK2ECVKQP VJGTG CTG U
limit is exceeded, digestate cannot be spread to land until plastic limits are met.

,P VIG NQPI VGTO DKQFGITCFCDNG CPF QT FKIGUVKDNG HQQF RCEMCIKI
This would not only help remove the dependence on fossil-based resources but ensure that any

contamination is compatible with the waste management process. Waste processing costs could be

reduced, and environmental pollution would be minimised.

5.4 Overview of policy recommendations
Environmental regulation

At initial stages of AD industry development, it is critical that a regulatory framework is in place to support

the use of digestate, setting out best practice guidance for farmers and managing quality standards;

e.g., limits on allowable contamination in the food waste recycling process for the digestate to be

granted product status. Guidance for farmers should provide information on how to develop nutrient

management plans aligned to local conditions, such as weather patterns and soil and crop requirements,

store and spread digestate in the most environmentally sustainable way, to minimise ammonia

emissions. Regulation of digestate at this stage should also cover mitigation of environmental risk as

YKVJ VIG URTGCFKPI QH OCPWTGU CPF UNWTTKGU VQ NCPF CPF VJG WUG
importance in geographies that drain into waters polluted by nitrates, for example those designated

©1KVTCVG 9WNPGTCDNG =QPGU?2 19=U KP VJG (8 7JKU TGIWNCVKQP UJQ\
capabilities to ensure that digestate is being used in line with the rules and guidance.

Regulation to ensure high quality digestate is also vital to support the adoption of digestate and continued

use by farmers, as they will not be willing to switch from manufactured fertilisers if the digestate is not a

consistent, quality product. Food waste and wastewater must be regulated to prevent contaminants, such

as microplastics from food packaging, from entering the recycling process and potentially being returned

to soils. This regulation should set contamination limits that must be met for the wastes to obtain ‘end of

waste’ status, indicating that it is no longer a waste but has become a product again in line with circular

GEQPQO[ RTKPEKRNGU 7JG UVTKEVGT VIGUG NKOKVU VJG ITGCVGT EQP?2F
digestate as a valuable biofertiliser, increasing uptake. Most importantly the risk of contaminants being

returned to soil will be mitigated.

While AD plants manage contamination levels in the food waste feedstock received, by pre-digestion
depackaging and post-digestion treatment of digestate, it is also important that those generating the

food waste are held responsible for ensuring that contamination levels are reduced upstream. Regulation
should also ensure penalties are in place for producers of food waste that send it to AD plants for
treatment with high levels of contamination. It is important that the level of penalty is considered alongside
the cost of alternative, less environmentally sound forms of treatment to ensure the food waste is not
KPCFXGTVGPVN[ FKXGTVGF VQ KPEKPGTCVKQP QT NCPF2NN
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Sustainable agriculture payment scheme for digestate use

$U FKUEWUUGF CDQXG QWT CITKEWNVWTCN U[UVGO KU TGURQPUKDNG H(
the energy sector in terms of total GHG emissions.

Fertiliser manufacture and use is a major contributor to these emissions and so switching to renewable
biofertiliser, especially one that is generated from the essential activity of treating our organic wastes, is a
vital part of moving to a more sustainable, low-carbon agricultural system.

Policy to support a shift to an agricultural system that is compatible with our urgent need to prevent

ENKOCVG EJCPIG OWUVY KPENWFG KPEGPVKXGU HQT HCTOGTU VQ VTCPUK)
biofertilisers such as digestate. A system of agricultural subsidies should be developed that rewards

farmers for the environmental services they deliver, including cutting emissions by moving away from

ECTDQP JGCX[ HGTVKNKUGTU 3C[OGPVU UJQWNF DG OCFG HQT VJG WUG «
provided it is used in line with environmental standards to limit ammonia emissions or nitrate pollution

(as should be done with any nitrogen-based fertiliser). This policy should be accompanied by a legally

DKPFKPI VCTIGVY VQ TGFWEG VJG COQWPY QH ECTDQP KPVGPUKXG CTVKZ2E
biofertilisers, such as digestate, or organic growing practices that reduce the fertiliser requirements in the

cultivation process.

Innovation funding for digestate enhancement

JKPCNN[ VQ OCZKOKUG VJG DGPG2V FGNKXGTGF D[ FKIGUVCVG CPF OKVKI
from mismanagement, innovation funding should be made available to develop and commercialise novel

technologies to enhance digestate, including technologies to reduce potential ammonia emissions from

its storage and use. Innovations should also be targeted at improving the economic value of digestate.

Developing higher value, easier to administer fertilisers from digestate will increase the market value

and so the revenue that can be generated from this co-product of the AD process. This will support the

2PCPEKCN RGTHQTOCPEG QH $' RNCPVU OQXKPI VIGO ENQUGT VQ KPFGRC
KPFWUVT[ ITQYVJ YKVJ NGUU 2PCPEKCN UWRRQTY HTQO PCVKQPCN IQXGT
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Chapter 6: Biogas Utilisation Policy

Composed of around 60% biomethane and 40% bio-CO ,, biogas is often seen as AD’s most desirable

product. As a highly versatile gas, it can be used to generate electricity and heat or fuel local gas cookers

and machinery. Or it can be ‘upgraded’ by splitting the biogas into its component parts; biomethane can

heat homes or fuel vehicles, and bio-CO , can be stored or used within various industries. Moreover, as
DKQOGVJICPG KU EJGOKECNN[ KFGPVKECN VQ PCVWTCN ICU KV VQQ ECP DG
of currently fossil-derived products, from plastics to lubricants. Biomethane can help remove supply chains’

dependence on non-renewable resources.

%WKQOGVJICPG KU CNUQ JKIIJN[ EQORCVKDNG YKVJ J[FTQIGP ¥ CICKP GPCDNH
demands of the future. Using existing technology (steam methane reformation), biomethane can be

converted into green hydrogen. The integration carbon capture and storage (CCS) technology can further

reduce the carbon intensity of this hydrogen —i.e., greener hydrogen. Alternatively, hydrogen can be

converted to biomethane. Fed into an AD tank, it binds with the bio-CO , to upgrade biogas into additional

biomethane. This energy pathway can further enhance AD’s ability to deliver carbon negative biomethane.

Its versatility enables governments to explore how best to use biogas in their countries. See Biogas Utilisation

Policy Timeline, p109.For example, colder regions may favour biogas-to-heat, while a country lacking a

national gas grid may favour localised biogas cookers and electricity generation. Biogas can meet the needs

QH VJG WUGT ,P VGTOU QH GPXKTQPOGPVCN DGPG2V VJG DGUV WUG QH DK
and surrounding infrastructure available.

When developing an AD infrastructure, a key consideration will be how the biogas is to be used. Typically,
biogas represents the most highly valued product of AD (at least in current markets). Policies designed

to support AD development have commonly focused on renewable energy generation. While many
government-support schemes for biogas initially focused on its ability to generate renewable electricity

(e.g., Germany and UK), most now favour the production of biomethane for heat or transport (e.g., USA and
France), recognising AD’s ability to generate a renewable gas. While there are multiple technologies which
can produce renewable electricity, AD is the only ready to use technology capable of decarbonising gas
networks.
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Biogas utilisation

Biogas Utilisation Policy Timeline

(2)While the biogas industry is maturing, the generation of biogas for CHP, biomethane for grid injection

and biomethane for transport should be supported with direct government payments in the form of a
VCTKIZKU KU VQ EQTTGEV HQT VJG HCEV VJCV VJG UKIPK2ECPV GP
RTKEGF KPVQ VJG OCTMGV CPF UQ VJG KPFWUVT[ ECPPQV FGNKXG
RQNKEKGU CNUQ FGNKXGT VIJG KPXGUVQT EQP2FGPEG TGSWKTGF

(2) Targeted innovation funding should be directed towards increasing biogas yield , as well as
biomethane yield within biogas; bringing down the cost of project development, for example through
the modularisation of plants; and capturing the bio-CO , separated from biomethane in the upgrading
process for use and storage, to bring the technology from carbon neutral to carbon negative.

Innovation will support the reduction of costs and increased revenue of AD projects, making plants
more viable independent of subsidy.

(3) Grant funding should be made available for the development of carbon capture, utilisation and
storage (CCUS) technology on new and existing biomethane plants . Ongoing support should be

RTQXKFGF KP VJG HQTO QH C VCTKZ HQ T cepl@ed/byAB (laRts, t)iNe@rfidseG Q
continued CCUS as part of the AD process. As the hydrogen market develops and more biomethane is
used to generate green hydrogen, CCUS should be incentivised within this process as well.

4 $U VIG DKQICU KPFWUVT[ OCVWTGU CPF KPPQXCVKQP KORTQXG
be tapered away in place of more market-based mechanisms to support the growing AD industry . A
‘renewable obligation’ placed on energy suppliers to source an increasing proportion of their energy

HTQO TGPGYCDNG UQWTEGU &QPPGEVGF VQ EGTVK2ECVKQP QH V

create a market for the green element of the biogas and ensure producers of biogas are still paid for
the environmental service they deliver.

Netherlands
7CTKZ UWH
scheme based on
carbon intensity of energy

California

Policy to incentivise use of low carbon
transport fuels, stimulating use manure-
derived biomethane

Nepal
NDC target to add 220MW capacity of biogas by 2030

Biogas industry maturity
Number of plants, investment potential, policy implementation
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The following indicative decision tree helps identify some of the key factors which may govern biogas’ best
outcome:

BIOGAS + Option to capture bio-CO , for long term storage or industrial use

PRODUCTION
1. Upgrade biogas to biomethane and inject into grid
Replacing natural gas, biomethane injection helps decarbonise the
tricky sectors of heat and transport. A gas grid acts like a battery,

storing energy and delivering it when and where required. Domestic

CRRNKCPEGU YKNN CNTGCF[ DG EQORCV

refuelling stations will draw gas from the grid for gas vehicles.

Access to
a gas grid

2. Upgrade biogas to biomethane and liquify (bio-LNG) or
compress (bio-CNG)
Large-scale Liquefaction and compression increase the energy density of

biogas biomethane; consequently, it can be transported over land or sea
(>7MW capacity) yet remain cost competitive — creating a virtual pipeline. However,
NKSWGHCEVKQP EQORTGUUKQP ECP DG TG
requirements and equipment, and so it is only commercially viable

at a larger scale.

3. Generate heat and power via a CHP unit
Potential for Biogas (or biomethane) can be fed into a CHP unit to convert up
local heat to 40% of the gas’ energy into electricity and 60% into heat. It is
network important for this residual heat to be captured and used within
a local heat network. This could be used to maintain digester
temperatures or heat nearby buildings.

4. Use biogas for heating and cooking
A circular economy in its simplest form. Recycling a community’s
organic wastes to produce biogas for heat or cooking. This
can displace the need to cut down trees for fuelwood, slowing
deforestation and improving domestic air quality.

Biogas within
a community

6.1 Biomethane

Biogas is composed of a mixture of ~60% biomethane and ~40% bio-CO,. ‘Upgrading’ biogas involves
splitting these two components to produce separate and purer gases, thus creating two new, often higher-
value, products: biomethane and bio-CO .

i. Biomethane is a highly combustible and valuable gas, chemically identical to fossil natural gas (also
OGVJICPG 1QVG VJCV DKQOGVJCPG JCU UGXGTCN FKZGTGPV PCOGU YQT
natural gas (RNG), sustainable natural gas (SNG), bio-natural gas (BNG), and depending on how it is
UVQTGF DKQ EQORTGUUGF CPF DKQ NKSWK2GF PCVWTCN ICU DKQ &1* C
report, we will use the term biomethane.

8RITCFKPI DKQICU VQ DKQOGVJCPG UKIPK2ECPVN[ KPETGCUGU KVU XGTU
technologies able to produce low carbon gaseous fuel — even fewer that are ready to use and proven

CV UECNG ¥ FGECTDQPKUKPI ICU PGVYQTMU KU RCTVKEWNCTN[ FKeEWNYV
within any system currently using fossil gas — that includes a country’s extensive gas grid, industrial

DQKNGTU CPF OCEJKPGT[ CPF CP[ RTQFWEVU FGTKXGF HTQO PCVWTCN |
existing infrastructure is in place, biomethane enables governments and industry to start decarbonising

the gas grid now by scaling up biomethane production rather than restructuring the entire energy

network.
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While the emissions from the
burning of natural gas and

biomethane are practically TeChnOIOgy Read|neSS Levels
identical, it is the origin of

the carbon that it is critical Technology Readiness Levels (TRL) is a measurement system

to consider. Burning fossil designed by NASA to assess the maturity level of technology.
fuels introduces additional Technologies are evaluated against the parameters for each
carbon into the atmosphere technology level and assigned a TRL rating based on the projects
and biosphere, whereas progress. There are 9 technology readiness levels from TRL 1, the
biomethane recycles lowest, to TRL 9 the highest.

existing carbon - drawn
from the atmosphere
CPF 2ZGF KPVQ QTICPKE  system Test,

Biomethane for heat and transport

matter via photosynthesis, Launch & Operations
which as feedstock for AD
becomes biomethane, 6[UVGO 6WDUI[U
recycling carbon back to the Development
atmosphere but not adding Hydrogen for transport
to existing levels. Throughthe | [ .
use of biomethane countries Technology
A . Demonstration Hydrogen for heat
will improve domestic fuel | S,
security, cut costs importing
energy, and mitigate GHG Technology
emissions. Development
ii. Bio-CO, can either Research to Prove
be used in numerous Feasability
industrial processes or
permanently stored. AD Basic Technology
can help ensure that any Research

process that requires CO,
e.g., the carbonation of
drinks, utilises carbon
sourced from the
atmosphere — not fossil
sources. Both utilisation and storage can improve the decarbonisation potential of AD, supporting its
ability to deliver carbon negative emissions.

6.1.1 Injection into a gas grid

Biomethane injection leverages the existing energy infrastructure to supply renewable energy to wherever

it generates the most value. Biomethane and natural gas are chemically identical — they are both methane

gas (CH,) — but natural gas’ carbon is from a fossil source and biomethane’s carbon is from the atmosphere.

Once injected into an existing gas grid, biomethane can be transported and used wherever gas is consumed,

DWV YKVIJQWYV CFFKPI VQ GOKUUKQPU ,V KU NKOKVGF QPN[ D[ VJG GZVGPV
enables biomethane to decarbonise the trickiest sectors, typically heat and transport.

The existing gas infrastructure can also store vast quantities of energy for long periods of time. Much

like a battery, the grid’s energy can be delivered when and where required as, unlike energy supply from

intermittent generators wind and solar, it is not dependent on external conditions. In fact, biomethane can

be converted to electricity to cover periods when these other renewable technologies are not able to meet

FGOCPF :JKNG YKPF CPF UQNCT IGPGTCVKQP KU YGCVIGT FGRGPFGPV DKQ
generation 24 hours a day. Moreover, as biomethane production is decentralised, with many AD plants

generating biomethane, the supply from any one producer is less critical. This averages out the risk of failures

and improves the resilience of the energy system.
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Biomethane-to-grid (BtG) is most appropriate where a gas grid already exists. As alluded to above, gas

PGVYQTMU CTG FKe EWNV VQ FGECTDQPKUG $' KU QPG QH HGY VGEJPQNQIK!
which is compatible with the existing infrastructure. Arguably, it is the only technology with the maturity

PGEGUUCT[ VQ UECNG WR KOOGFKCVGN[ CPF FGNKXGT C UKIPK2ECPV RTQRC
potential to deliver an estimated 12,500 TWh per year, biomethane is the largest contributor to low-carbon

gas supply in the next 10 years, as modelled by the World Energy Outlook (WEQ) Scenarios®

Drawing on this existing infrastructure, biomethane can be anywhere where natural gas is currently used. The
following lists the three key uses that rely on gas grids:

1) Heat

In the global north, most homes and buildings are connected to a national gas grid. Gas may be used

in boilers for hot water or central heating, or for cooking. Increasingly, these countries are seeking to

decarbonise heat through the installation of low carbon technologies, such as solar heat, ground-source

JGCV RWORU CPF GNGEVTKE DQKNGTU EQQMGTU +QYGXGT VJG XCUV OC
100 years have already been built; converting these homes from gas to these other technologies will be

exceptionally expensive and disruptive. To decarbonise heat, countries must use every renewable, low

carbon technology available. Gas heating will be near impossible to remove altogether. Engineers would

be required to visit every gas-fuelled home and business to replace the heating system installed, where

some buildings are not suitable for low carbon alternatives. Biomethane must therefore play a critical role.

Examples of countries incentivising biomethane injection

.UKln 2020, the government established a target of tripling biomethane in the national gas grid by
7Q JGNR FGNKXGT VJKU VJG 8.2U 2TUV $' QPN[ KPEGPVKXG YKNN Q!
6WRRQTV 6EJGOG **66 7JG **66 YKNN RC[ C 2ZGF VCTKZ TCVG R M:J
for all biomethane injected. This scheme will be funded by a countrywide levy placed on all gas
used, known as the Green Gas Levy (GGL).

.Denmark There is a target to
eliminate natural gas from their
gas grids by 2040 and replace
it with biomethane. This has
encouraged existing AD plants to
upgrade biogas to biomethane and
supported the development of new
plants, so that this target can be
reached. The graph (right) displays
the Danish Biogas Association’s
modelling of how the industry will
scale up over the next 20-30 years
to ensure biomethane supply can
meet total gas demand.

.Malaysia The government expressed a desire to source 20% of their energy from renewable
sources by 2025. They recognised the need to address the disposal of organic waste from palm
oil production into sewage systems, causing blockages and disrupting wastewater treatment. This
has led to a new law requiring any palm oil plant wishing to expand to build a biogas plant (the
EPP5 program). As of 2019, 35% of Malaysia’s palm oil plants have built biogas plants.

B5www.iea.org/reports/world-energy-outlook-2020
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%KQOGVIJCPG EGTVK2ECVGU UWEJ CU ai> G F AS
*CU 7TCFKPI **7 KP (WTQRG QZGT CP PLF
stream for AD plants sending their biomethane to heat. G

&GTVK2ECVGU ETWEKCNN[ VTCEM DKQOGVJCPG YKVJKP C ICU ITKF

EWTTGPVN[ 2NNGF YKVJ PCVWTCN ICU $U GPGTI[ EQPUWOGTU KPETGCUKP
UWRRNKGTU CTG KPVTQFWEKPI PGY ITGGP VCTKZU VQ VIJGKT EWUVQOGTU
UWRRNKGTU ECP RWTEJCUG VJGUG EGTVK2ECVGU HTQO $'" RNCPVU 7JKU |
GPGTI[ JCU TGUWNVGF KP CP KPETGCUG KP FGOCPF HQT VJGUG EGTVKZ2EC
RTKEGU JCXG KPETGCUGF [GCT QP [GCT QXGT VJG RCUV 2XG [GCTU HTQO
86 0:J VQFC[ $ TGNCVKXGN[ NCTIG 0: DKQOGVJCPG RNCPV EQWNF V.
f 86 RGT [GCT D[ KPLGEVKPI ICU CPF GCTPKPI DKQOGVJCPG E

2) Transport

Wherever there are gas grids extensive pipelines exist, connecting cities and towns to points of production.

OWEJ QH CP[ IKXGP PGVYQTM CU C OCVVGT QH GPIKPGGTKPI G EKGPE[ Y
by installing refuelling stations across the gas grid, a region can develop a transport network capable of

delivering biomethane to vehicles when and where needed.

While electric vehicles (EVs) will play a major role in cutting transport emissions, they cannot decarbonise
transport on their own. Many vehicle types are not currently suitable for electric power, such as long-
range heavy goods vehicles (HGVs). Long charging times and low range delivered from batteries remain
some of the key technological barriers inhibiting the viability of electric HGVs. Renewable gases, such as
biomethane and green hydrogen, are therefore essential to decarbonise these heavier vehicles.

Replacing a diesel-HGV (Euro VI) with a biomethane-HGV cuts emissions by around 80% per km driven%

$U KFGPVK2GF KP VTKCNU DKQOGVJCPG ECP DG GCUKN[ DNGPFGF YKVJ P

QT XKC ICU EQORTGUUKQP CPF UVKNN FGNKXGT UKIPK2ECPVY ECTDQP UCX
DKQOGVJICPG % UVKNN QZGTU :GNN VQ :JGGN :7: GOKUUKQP UCXKP

JCU DGGP 2VVGF YKVJ ICUGQWU HWGN U[UVGOU VJG HWGN OKZ ECP UOQ(

sources while delivering emission savings from day one.

1QV QPN[ ECP ICU XGJKENGU HCEKNKVCVG VJG UGEVQT2U FGECTDQPKUCYV
savings to freight and logistics companies. Despite higher capital investment and maintenance costs, a

report published by Cenex, a low emission vehicle research and consultancy company, suggests that gas
XGJKENGU ECP RC[ DCEM YKVJKP VYQ [GCTU YKVJ CP +*9 FTKXKPI M
support would not be required to fund a transition to gas vehicles; in many cases, it already makes

commercial sense for logistics companies to switch to gas. Moreover, reports from HGV drivers all noted

that gas vehicles were typically more comfortable to drive and improved vehicle performance, most

notably by enhanced engine braking. Additionally, refuelling a gas HGV with compressed natural gas

(CNG) from the national grid only takes approximately six minutes, providing enough fuel to drive 500

miles.

Béwww.cenex.co.uk/app/uploads/2019/11/Dedicated-to-Gas-Assessing-the-Viability-of-Gas-Vehicles.pdf
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Case study: California, USA

California introduced the Low Carbon Fuel Standard (LCFS) to measure the carbon intensify of

VTCPURQTV HWGNU ¥ KV SWCPVK2GU GOKUUKQPU VJTQWIJ C HWGN3U GPV
UWRRNKGTU ECP RWTEJCUG FKZGTGPV HWGNU VQ OGGV VIJGUG GOKUUKQ
biogas derived from organic wastes delivers carbon negative emissions . As one of the only fuels to do

S0, itis a highly valuable fuel and has stimulated the development of agricultural AD across the state.

Now, biomethane fuels around 90% of all gas vehicles in the programme.

By 2024, it is estimated that Californian biomethane for transportation will have an average energy-
weighted carbon intensity of -101.7 gCO ,e/MJ**"

:KVJ VIJKU ECTDQP PGICVKXG KPVGPUKV[ CP CXGTCIG DKQOGVJICPG RQYG
the GHG emissions of two diesel trucks.

Electricity generated
from manure-
derived biogas

[ —
-— bl
- ~ o~

i

/IKSWK2GF CPF EQORTGUUGF DKQICU
from agricultural wastes

N

Carbon negative intensity

Consequently, the use of biomethane as a transport fuel has been increasing in many countries.

Biomethane burns extremely cleanly and reduces dependence on diesel for heavy vehicles and can also

substitute (in the future) marine and aviation fuels. However, we need to look at what this means in terms

QH UWRRQTVY HQT CP KPFWUVT[ EQORGVKPI YKVJ CDWPFCPV ICU CPF CP C
barrel in 2020. Biomethane-for-transport can support the development of circular economy in cities. For

example, urban food waste can create biomethane to fuel vehicles collecting that waste — this model is

already a reality in some cities.

B7www.gladstein.org/gna_whitepapers/an-assessment-californias-in-state-rng-supply-for-transportation-2020-2024/
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Case study: Biogas-fuelled refuse trucks in New Jersey, USA

New Jersey has invested in 550 new trucks

to collect waste across the state — all NG
fuelled by compressed biomethane (bio- Refuse Truck
CNG, or ‘compressed RNG’ as typically (Q)Q) (@)
referred to in the USA). This gaseous

Battery Hectric
Refuse Truck

o0

o

Total Cost $335,000 Total Cost $650,000*
XGJKENG 3(.;(.;V PQY UGTXGU Payload 10 bns, Payload Upto 5tons,
1GY -GTUG[aU EQWPVKGU CP Comparable to Diesel 50%less than
5 .. Diesel
cutting the emissions from the regular
collection of waste from households and Costper | SeamazLReY Costper - S300575
businesses. Already, this green transition reduced reduced
has stimulated the investment of US$200
million to decarbonise this mode of Cost per $33 LFG** Cost per $381
i i i 138 ton of GHGs ton of GHGs
transport and improve local air quality % educed reduced
&TWEKCNN|[ DKQICU YCU KF(
E Q UV GZGEVKXG CPF TGCF [ | Sector Wide*** $350 million Sector Wide***  $3.5-4 .2 billion
Transition Transition
Incremental Incremental
Cost Cost

*Note that costly battery electric refuse trucks are still in development. Those currently in service are for
demonstration purposes only. Alternatively, CNG refuse trucks are deployable, scalable, and affordable now.
**LFG = RNG produced from landfill gas

*** Incremental vehicle costs only (over diesel incumbent) to convert entire state fleet of 10,000 refuse trucks.

3) Non-energy uses

Fossil fuels are used to create a broad range of products worldwide, such as plastics, lubricants and

chemicals. Consequently, this production is unsustainable, as fossil resources diminish and become

OQTG GZRGPUKXG VQ GZVTCEV 5GPGYCDNG CNVGTPCVKXGU ECP JGNR 2N
products continue to be developed. While

natural gas (methane) is not the most utilised EJ

platform chemical, it is possible for methane to 60

DG EQPXGTVGF KPVQ C TCPIG QH 2P G KEa@ O K E QdlddroC P FBusiness-
materials for a broad spectrum of uses, using well as-ustal
established technologies (e.g. Fischer-Tropsch 50

synthesis). As the global economy moves towards

a fully decarbonised future, biomethane can

displace fossil gas as the feedstock input. 40
According to BP’s global energy outlook, in 2018,

the use of fossil fuel products in non-energy 3
processes accounted for approximately 10

million barrels of oil equivalent (mboe) per day —
equivalent to 17 TWh of energy*®* BP examined 2
how demand for coal, gas, and oil for non-energy
purposes may change over the next 30 years, :
across three scenarios: Rapid assumes policies

drive a 70% reduction in GHG emissions by 2050;

1GV =GTQ CUUWOGU TGFWEVKQR I C

BAU assumes GHG reductions are consistent with
recent changes. The graph displays fossil demand
forecasts under the three scenarios: Non-combusted demand by fuel

o

o

o

50

2018 2035 2050 2018 2035 2050 2018 2035 2050

BBywww.ngvamerica.org/wp-content/uploads/2020/11/NGVAmerica-NJ-RNG-Refuse-Impact. pdf

Byww.bp.com/en/global/corporate/energy-economics/energy-outlook/demand-by-sector/non-combusted.html
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By 2050, demand for natural gas for non-energy purposes will likely range between 7 exajoules, EJ (2,000

TWh) and 14 EJ (4,000 TWh) each year, depending on the scenario. In fact, demand could increase from

2018's level in both the BAU and Rapid scenarios. While many products require hydrocarbons, found in

HQUUKN TGUQWTEGU VJGKT HQTOCVKQP FQGU PQV PGEGUUCTKN[ TGUWN
carbon away within their structures, rather than release it directly into the atmosphere. Consequently,

ROQNKEKGU KPVTQFWEGF VQ DGVVGT CEEQWPY HQT ECTDQP GOKUUKQPU
the non-energy market for fossil resources.

Plastic pollution must be addressed in tandem with climate change. The availability of cheap fossil resources

facilitate the extremely cheap production of plastics, such that they can become single-use and disposable.

By reallocating all subsidies for the exploration and extraction of fossil fuels towards sustainable alternatives,

VJG EQUV FKZGTGPEG DGVYGGP PCVWTCN ICU CPF DKQOGVJCPG YKNN DG T
increase, people around the world can start to value plastic better, reducing demand and incentivising the

recycling and reuse of the material. It can also stimulate the production of bioplastics.

Bioplastics could play an increasingly important role within the circular economy, reducing a country’s
need to extract or import fossil fuels. Some bioplastics in production are digestible. Their use could be
integrated with the roll out of AD, whereby food packaging and food waste lines become digestible,
reducing the risk of non-degradable plastic contamination.

6.1.2 Liquify biomethane

If there is no gas grid available, an AD plant can liquify biomethane to a highly energy-dense fuel. Optimising

the energy density of biomethane supports the economic feasibility of transporting the fuel — the more energy

transported, the fewer trucks and journeys required. As liquid, this valuable green fuel can be transported

QXGT NCPF QT D[ UGC VQ YJGTGXGT TGSWKTGF $ICKP VJCV OKIJV KPENWF

Liquifying biomethane, however, is energy intensive and requires expensive equipment. Consequently, it is only
2ZPCPEKCNN[ XKCDNG HQT VJG NCTIGUV RNCPVU DGPG2VVKPI HTQO VJG GEQP(
suggest that this operational model is only an option for biomethane plants with a capacity greater than 7MW.

Liquefaction of biomethane (bio-LNG) presents an opportunity to create a virtual gas grid or pipeline.
Much like a grid, gas can be delivered whenever and wherever required, drawing on the existing transport
infrastructure (roads, ports, etc).

Biomethane can also be compressed (bio-CNG) and delivered via these virtual pipelines. Compared to bio-
LNG, it takes less energy to compress biomethane but it also has a lower energy density. When establishing an
AD plant, it is important to assess both transport distances required and the end user; in the case of the latter,
bio-CNG may be better suited for smaller-scale heating and cooking, for example.

Virtual gas grid
I

End-use

.Fuel vehicles
— . . — — .Heat
.Cooking
A o o .Industrial processes
AD plant Distribution Storage . Electricity

Global potential of biogas = 12,500 TWh
This biogas would also contain: 1,560 million tonnes of bio-CO , — enough to satisfy the current demand CO
gas nearly seven times over.

2

Current uses for industrial CO
-130 MtCO,e per year to manufacture urea
.70-80 MtCO _e per year to enhance fossil oil extraction
.14 MtCO,e per year in the food and drinks industry
Data from IEA

116 BIOGAS: PATHWAYS TO 2030 WORLD BICGAS ASSOCIATION



Where this bio-CO , has been used it has generally been fed into local greenhouses where both the heat

and extra CO, can stimulate plant growth. Technological advances have increased the potential number of

uses for bio-CO ,. They allow bio-CO, VQ DG TG2PGF VQ UWEJ C RWTKV[ VIJCV KV ECP DG W
food and drinks, where CO , attracts a premium price. The market for bio-CO , is growing as industries and

governments alike recognise its ability to further decarbonise supply chains. The utilisation or storage of this

gas can present new commercial and environmental opportunities to its users.

Commercial opportunities

CQ, gas is used in numerous industries: manufacture of foods and drinks; increasing greenhouse
RTQFWEVKXKV[ 2NNKPI QH 2TG GZVKPIWKUJGTU OGFKECN RTQEGFWTGU
used in mobile refrigeration solutions °.

OWEJ QH VIJKU KPFWUVTKCN ITCFG ICU KU EWTTGPVN[ UQWTEGF HTQO VJG
PKVTQIGP 2ZKPI XKC VJG +CDGT %QUEJ E[ENG $U COOQR#le RTQFWEVKQ
NKSWK2GF CPF VTCPURQTVGF &QPUGSWGPVN[ VJG EQUV QH VJKU KPFWU
proximity to these production centres. Prices exceeding $100 per tonne of CO , gas are not uncommon in

the global north.

Co-locating an AD plant nextto auserof CO , ECP VIJGTGHQTG DGEQOG OWVWCNN[ DGPG2E
An AD plant gains a reliable revenue stream from one of its products, and the industry user gains a

cheaper supplyof CO, % GPG2VU ECP DG GZVGPFGF HWTVJGT VJTQWIJ VJG UWRRN
FKIGUVCVG KH TGSWKTGF :KVJ CP G[G QP GPGTI[ G.EKGPEKGU CPF C J[F
clusters are being developed, such as GreenLab in Denmark.

Environmental opportunities

CO, ICU RTQFWEGF HTQO VJG OCPWHCEVWTG QH CTVK2EKCN HGTVKNKUGTL
RTQEGUU TGSWKTGU XCUV COQWPVU QH GPGTI[ CPF PCVWTCN ICU VQ 2Z F
On application to land this industrial CO , is simply released to the atmosphere, contributing to GHG

emissions. Use of bio-CO,, however, is carbon neutral as its carbon is originally derived from the

atmosphere.

Moreover, as economies increasingly account for emissions, Carbon Capture and Storage (CCS)
technologies could lock the carbon within bio-CO , away from the atmosphere — actively reversing GHG
emissions. As detailed in Chapter 2, AD plants could become a carbon hub, whereby atmospheric carbon
is concentrated within a digester ready to be permanently stored within materials or underground. At full
potential, the global industry would produce over 12,500TWh of biogas, containing 1,560 million tonnes
of CO.e. If this carbon were permanently stored using CCS technology, the global biogas industry could
negate the total annual emissions from all of Russia ( ~1,700 MtCQO,e), the world’s 4th largest emitter of
GHGs.

At present, the most important barrier to CO , storage, regardless of the origin of the carbon, is the lack

of development of CO , storage solutions. Only very few facilities are operational and, in some cases, the
national regulations do not recognise the storage of bio-CO , as a carbon negative system. Permanent
storage solutions might include the injection of CO , into underground aquifers or natural gas cavities, or
through the mineralisation of CO , to a solid carbonate that can be used as an aggregate or soil additive.

(Future) Opportunities

Bio-CO,, can either be mixed with hydrogen gas to form methane, or biogas can be upgraded to grid-
ready hydrogen by feeding hydrogen directly into the digester tank. The conversion of CO , is set to
become another major opportunity in the future energy supply through innovative power-to-X (P2X)
applications, especially as it complements the growth in the hydrogen economy. Catalytic conversion
of CO, can be expected to become a relevant technology relatively quickly as the production costs of
sustainable CO, from large biomethane production facilities are already competitive against some other
commercially available CO , value streams.

“owww.iea.orglreports/putting-co2-to-use
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P2X can help balance the energy network. Wind and solar are intermittent generators of renewable

electricity — i.e., they only produce energy when it is windy or sunny. Consequently, this power generation

does not link to energy demand. In the summer, countries are increasingly experiencing periods in which

electricity generation exceeds demand, resulting in negative energy pricing. Without storage capacity in

VJG PGVYQTM GPGTI[ UWRRNKGTU OWUV RC[ UKIPK2ECPV UWOU QH OQPG
GZCORNG KP )GDTWCT][ *GTOCP[2U PGICVKXG GNGEVTKEKV[ RTKEG EC
VQ QZUJQTG YK®BF RTQLGEVU

Instead of being wasted, excess renewable energy from intermittent sources could be used to generate
green hydrogen through electrolysis. In turn, this hydrogen could be fed into an AD plant, binding with
the bio-CO , to form biomethane — an example of P2X systems. Biomethane is easier to store than
electricity and hydrogen, particularly if the plant is connected to the gas grid. Again, this green gas can
be transported across regions and used when and where required,; this includes the conversion back to
hydrogen or electricity if needed.

P2X pathways can also refer to non-energy pathways for biogas. Green hydrogen created using excess
renewable electricity can also be processed with biogas’ components, bio-CO , and biomethane, to form a
host of platform chemicals — for example, syngas, a mix of carbon monoxide and hydrogen. As previously
discussed, these chemicals are typically created from fossil resources and used to manufacture a range

of products, such as plastics and lubricants. Biogas could help provide a renewable source of these
compounds, thus decarbonising sectors beyond energy.

One of the biggest barriers to the use of bio-CO , from biomethane facilities is delivery costs from the existing

stock of biomethane facilities, compared to the fossil alternatives and their established supply chains. The

2PCPEKCN EJCNNGPIGU QH VIJKU TGXQNXGU CTQWPF CV NGCUV VJTGG FKUVI
VIRKECNN[ HQQF SWCNKV[ YJKEJ OGCPU VJCV C UKIPK2ECPV KPXGUVOGPYV

deliver the adequate purity required. While this may be viable for the larger plants, equipment costs may be

prohibitive to the smaller ones. Distribution of the recovered CO  is then either via pipeline or tanker — both

ECP JCXG UKIPK2ECPV EQUVU 7JG QVJGT EJCiNimiGe ol ¢uvendy @oétvae@dgO CTM GV

served from fossil fuels.

6.2 Combined heat and power (CHP)

&QODKPGF +GCV CPF 3QYGT &+3 GPIKPGU EQORTGUU CPF EQODWUYV 3COOCDNC
produce electricity. However, a CHP engine may only convert 37-42% of biogas’ energy into electricity, the rest
generates residual heat. This heat can be recovered and transported to a heat consumer via a local heat network.

When biogas CHPs are co-located adjacent to a suitably large commercial consumer of heat and electricity,

VIJG[ ECP FGNKXGT JKIIJN[ G°EKGPV FGECTDQPKUCVKQP KP CP GEQPQOKECN (
is the ability to export directly to the end consumer in a “behind the meter” arrangement, avoiding expensive

electrical transmission fees levied by the electricity network. Moreover, if the industrial process creates organic

waste, a co-located AD plant can also minimise waste management fees and transport distance, further

KORTQXKPI VJG 2PCPEKCN CPF GPXKTQPOGPVCN DGPG2VU VQ C EQORCP[ YJIKN

Biogas DKQOGVJICPG , DK Q B@nethane >90% biomethane

Y

Electricity CHP unit Heat
~40% of biogas energy ~60% of biogas energy
Electricity can be supplied at Low Voltage (LV) or Recovered heat is usually supplied as hot
+KIJ 9QNVCIG +9 :JKNUV /9 KU OQT @Waters Br6uBdI0-1BOYIS However, in specialist
to minimal system losses, in order to export the applications can be supplied as pressurised steam
electricity to a national grid, a transformer is used for industrial use, albeit with steam generation the
to convert to HV. &+3 VIGTOCN G*EKGPE[ YKNN V[RKECN

“awww.districtenergy.org/blogs/district-energy/2020/05/01/germanys-negative-price-rules-bring-negative-conse
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Biogas combustion within CHP engines has been the predominant end-use over the last 20-30 years. The main
drivers for use of CHPs are a combination of:

.Government subsidies HQT TGPGYCDNG GNGEVTKEKV[ RTQFWEVKQP JCXG DGGP JKI
EQWPVTKGU ¥ HQT GZCORNG VJTQWIJ VJG 8.2U )GGF KP 7CTKZ )K7 TCVGU
could be secured over a 20-year period at the scheme’s inception. This incentive encourages the
displacement of coal-heavy generation assets.

. Electricity from biogas was initially cost-competitive relative to other green technologies, solar, wind etc.
However, in recent years, the price of intermittent renewables has fallen drastically and they are now
substantially cheaper than any other form of electricity production.

.CHP gas engines are readily available, proven technology derived from the natural gas industry.

.Minimal infrastructure required as the CHP can be grid connected or in “island mode”, reducing utilities
EQPPGEVKQP EQUVU 5GOQVG EQOOWPKVKGU YKVJ NKVVNG PQ CEEGUU VQ
provide local heat and power.

.Operationally simple YKVJ UGXGTCN &+3 OCPWHCEVWTGTU QZGTKPI EQORNGVG 2|
(O&M) packages.

Where the CHP is co-located with an appropriate consumer of both the electricity and heat produced, the

QXGTCNN G EKGPE[ ECP DG DGVYGGP YKVJI OKPKOCN RTG ENGCP WR EQ!
TGUKFWCN VIJGTOCN GPGTI[ KU PQV WVKNKUGF VJG U[UVGO G*EKGPE[ YKNN C
42% from the best-in-class engine.

'WG VQ VIG NKOKVGF GNGEVTKECN G*EKGPE[ QH C &+3 GPIKPG VJG[ CTG PQV
thermal energy. If the CHP’s heat is not used, most of the biogas’ energy is wasted.

Where generation of biogas is not co-located with industrial consumers, the biogas could be upgraded to
biomethane and then transported to industrial users via a suitable gas network, or via road transportation (a
virtual pipeline) in multi-element gas containers (MEGCSs). After transportation of the biomethane, it can then be
utilised within CHPs at strategically important industrial clusters.

To support additional deployment of CHPs in the best strategic locations, governments worldwide should tailor

economic incentives to the overall decarbonisation delivered, rather than paying per unit of renewable energy

produced. This can be in the form of a support price per tonne of CO e abated (relative to a baseline scenario),

YIJKEJ YQWNF KPEGPVKXKUG VJG JKIJGUV G*EKGPE[ &+3U VQ DG WUGF KP DQV

JKPCNN[ WUG QH DKQICU HQT GNGEVTKEKV[ IGPGTCVKQP RTGUGPVU C XGTJ[ U
electricity “baseload” which is predominantly provided by fossil fuels such as coal or natural gas. Most

FGXGNQRGF EQWPVTKGU WVKNKUG PCVWTCN ICU CPF EQCN DCUGF RNCPVU V
typically during the morning and early evening as consumer demand soars. As more and more intermittent

TGPGYCDNG IGPGTCVKQP HTQO UQNCT CPF YKPF KU DTQWIJV QPNKPG CFFKV
needed to balance the electrical grid. Due to biogas’ “on-demand” nature, generators have the ability to
increase or decrease electrical output as necessary, whilst allowing the excess biogas to be upgraded and used

for transport, heat or storage in the gas grid.

6.3 Localised domestic use

%KQICU KU C JKIIJN[ 3GZKDNG VGEJPQNQI[ ,V KU CEEGUUKDNG VQ CNN &JGCRG
communities. At its simplest, organic waste can be fed into a pit dug into the ground, where a lid prevents oxygen

from entering and a plastic liner captures the biogas. This setup can be easily scaled up to meet the waste

production.
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7JG DGPG2VU QH OKETQ UECNG DKQICU WPKVU CTG YGNN MPQYP CETQUU E(
low-tech biogas solutions are already serving small rural communities. Using manure from animals, human

sewage and food scraps, micro-scale digesters produce biogas that can be directly connected to a cooker

or light unit inside the building. The scale and cost of these allows widespread roll out across low-income

countries and modular units are now marketed for ease of installation 14243 Cheap and simple to use, in line

with the UN’s SDGs (see Chapter 2), micro-AD can:

.Improve food security by recovering nutrients from waste. Digestate fertilises crops and returns organic
carbon to soil, enhancing water retention and minimising soil degradation. [Goals 2, 11, 15]

.Enhance sanitation by treating waste and prevent the contamination of freshwater.  [Goals 3, 6, 15]

.Improve air quality (and reduce deaths from air pollution) by providing a clean burning gas, displacing
the need for fuel wood. [Goals 3, 7]

. Support gender equality by freeing up women’s time by reducing the need to cut fuel wood. Women are
CNUQ FKURTQRQTVKQPCNN[ CZGEVGF D[ G[G CPF NWP|GFaBEG,G)G ECWUGF I

.Improve energy security by delivering biogas [Goal 7, 11]

.3TQXKFG LQDU CPF DG WUGF CU C VQQN VQ GFWECVG EQOOWPKVKGU CD
[Goal 9]

. Deliver decarbonisation by converting organic wastes from an emitter of GHGs into a tool to cut
emissions.[Goals 11, 13]

3QQT CKT SWCNKV[ KU C OCLQT ECWUG QH RTGOCVWTG FGCVJU )TQO DWTP
in cities, some 7 million people a year die from diseases caused by breathing polluted air. Indeed, 90% of

the global population breathes air with pollution levels above those recommended by the World Health

Organisation (WHO) and the worst impacts are in low-income countries 44 Air pollution is both inside and

QWVUKFG VJIG JQOG DWKNFKPIU KPUKFG VITQWIJ VJG DWTPKPI QH HWGNU
QWVUKFG HTQO GOKUUKQPU ECWUGF D[ VTC*E KPFWUVTKCN CEVKXKVKGU
emissions from farms, and many other sources.

The use of biogas technologies can substantially reduce those emissions. Aid programmes and policies have
been developed to promote the use of small-scale biogas units; already, they have successfully supported the
development of millions of such installations. The Clean Cooking Alliance #and SN\*® of the Netherlands are
among the major donors and promoters of small-scale biogas.

Developed countries can put such installations at the heart of rural development aid in low-income countries.
Few other practices have the capacity to change the quality of life of rural households that do not enjoy
access to energy grids or natural gas supplies.

Countries in the global south can promote the use of small-scale biogas installations across remote areas

VQ RTQXKFG GPGTI[ KPFGRGPFGPEG VQ TWTCN EQOOWPKVKGU YKVJ VJG D
include exempting the materials needed for such installations from sales or import taxes; providing technical

assistance for installation; education on biogas use; and promoting the use of domestically produced

fertilisers versus synthetic, mineral fertilisers.

“2ywww.homebiogas.com/

WYYY TGUGCTEJICVG PGV 2IWTG 7[RKECN QRGTCVKQPCN DKQFKIGUVGT CV VJG UOCNN UECNG HCTO KP OWNF!
“awww.who.int/health-topics/air-pollution#tab=tab_1

“swww.cleancookingalliance.org/home/index.html

Ushttps:/snv.org/update/snv-shares-lessons-learnt-major-latin-american-biodigester-event
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6.4 Beyond 2050

Post-2050, climate scenarios often identify hydrogen as a key low-carbon fuel. However, its current use

TGOCKPU JCORGTGF D[ UGXGTCN VGEJPQNQIKECN DCTTKGTU ¥ URGEKZ2ECNN
hydrogen, and carbon capture and storage (CCS; necessary to produce low-carbon blue hydrogen at-scale)

KU PQV [GV EQUV GZGEVKXG *QXGTPOGPVU ECPPQV YCKV HQT KPPQXCVKQF
to-use technologies, such as biomethane, capable of delivering immediate decarbonisation.

%KQOGVICPG QZGTU 3GZKDKNKV[ YKVJKP VJG NQPI VGTO RCVIJYC[ VQ PGV \(
as the best solution for heat or transport, AD’s biomethane can be converted to green hydrogen via steam

reformation, a technology already available. However, unlike the generation of blue hydrogen through the

steam reformation of natural gas, biomethane’s conversion to hydrogen does not require CCS for the process

to become carbon neutral. If integrated, the biomethane and CCS technologies would produce carbon-

negative hydrogen, thus actively reversing sector emissions.

Itis likely to be over a decade before hydrogen is ready and capable of fuelling any mode of transport at
scale to decarbonise the sector. Increasingly new developments and funds (e.g., the £900 million HyNet Low
Carbon Hydrogen Plant in the UK) aim to increase the production of low carbon hydrogen and overcome
technological barriers, and yet few sectors are ready to utilise this valuable resource today.

6.4.1 Reversing Climate Change

It is clear that in order to limit global warming to 2°C, ideally 1.5°C, in line with the Paris Agreement

commitments, all sectors need to deliver much quicker and deeper decarbonisation than is currently being

CEJKGXGF ,PFGGF KP VJG 8. VJG 2TUV PCVKQP KP VJG YQTNF VQ NGIKUNC
Change Committee (CCC) recently reported to Governmentl that the UK was failing on 14 of 21 progress

indicators on the route to net-zero. Many other nations have struggled to make headway with their initial

1'& VCTIGVU $U UWEJ INQDCN GZQTVU VQ NKOKV INQDCN YCTOKPI VQ &
world will have to drive deep negative emission technologies in the latter half of the century, to reverse the

impacts of climate change.

Again, if wastes are treated, AD can already act as a carbon negative technology — actively reversing GHG
emissions. This capability can be enhanced through the integration of carbon capture and storage (CCS)
technology. The carbon within bio-CO , is derived from the atmosphere, AD can facilitate the permanent
removal of carbon, currently driving climate change.

Other technologies can also achieve negative emissions, including biomass with post-combustion CCS, as

YGNN CU PQXGN ICUK2ECVKQP CPF FKIkbEaeC ione BithRse¢ pathGays Sige cuprentl 2
CXCKNCDNG VGEJPQNQI[ CPF CNN QH VIGO TGSWKTG UKIPK2ECPV ECRKVCN
store atmospheric CO , via DAC, it would cost an estimated US$134-342 per tonne'*’ Since CQ, concentrations

CTG QXGT VKOGU ITGCVGT YKVIJKP CP CPCGTQDKE FKIGUVGT VJG EQUV
reduced, compared to DAC. Integrating CCS with AD technology could bring the cost of carbon removal to

US$52-78 per tonne of CO &

6.4.2 “Greener” Hydrogen

Methane reformation of fossil natural gas has been conducted on an industrial scale for decades and is the
main source of hydrogen globally at present (referred to as “grey” hydrogen). Without CCS, this process emits
fossil CO, into the atmosphere, contributing to global warming. Whilst carbon capture is not as widespread, it
has also been demonstrated on an industrial scale. With CCS, this process is carbon neutral “blue” hydrogen.

Methane reformation of biomethane can deliver carbon neutral-negative hydrogen with or without CCS

— referred to as “green” hydrogen. Green hydrogen can also be created though the electrolysis of water

using renewable electricity. However, by combining AD and CCS technologies, biomethane can be one of

the most commercially viable, carbon negative emission technologies available, delivering hydrogen that is
UKIPK2ECPVN[ OQTG FGECTDQPKUKPI VJCP VJG EWTTGPV 8ITGGP" J[FTQIGP

“www.iea.org/commentaries/is-carbon-capture-too-expensive
“shttps:/pubs.acs.org/doi/10.1021/acs.est.0c02816
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6.5 Overview of policy recommendations

= Blue hydrogen = “Greener” hydrogen the source of hydrogen
and the source of CO,
If CO, is not captured If CO, is captured

and permanently stored

= Green hydrogen

and permanently stored
= Grey hydrogen

To make the greenest
methane, hydrogen
would be generated via
electrolysis using excess

renewable electricity
and the CO, would be
created through the AD
of organic wastes

7CTKZ RC[OGPV HQT DKQICU IGPGTCVKQP
The value of the carbon saved from the use of biogas instead of fossil energy is not priced into the market

UQ YJGP KPXGUVOGPV FGEKUKQPU CTG DGKPI OCFG QP DKQICU FGXGNQROC(
on their own. To correct for the fact that the environmental services delivered are not priced by the market,
policy needs to be designed to ensure projects will receive a revenue for this and the full environmental

DGPG2V KU HCEVQTGF KPVQ KPXGUVOGPVY FGEKUKQPU ,P EQWPVTKGU YJGT
earlier stages of development, the sector will struggle to grow without direct government support. Investors
need assurance that this revenue will accrue for the lifespan of the project. The policy that has had the

ITGCVGUY KORCEV CV ITQYKPI DKQICU KPFWUVTKGU CETQUU VJG INQDG JClI
are provided with government payments for the biomethane, or biogas power generated. This has generally
EQPUKUVGF QH QPIQKPI VCTKZ RC[OGPVU WUWCNN[ HQT DGVYGGP [GCT
HWPEVKQPU ¥ G| 2ZGF TCVG VCTKZU C VQR WR VCTKZ YKVJ IQXGTPOGPV
and the wholesale energy price; sustainability criteria to manage feedstock sourced from waste versus

DKQGPGTI[ ETQRU CPF C RTGOKWO VCTKZ HQT EGTVCKP HGGFUVQEMU UWE

:G TGEQOOGPF VIJCV CU OGVJIJQFQNQIKGU CTG FGXGNQRKPI HQT ECTDQP ¢
should be designed to make payments based on the carbon intensity of the biogas or biomethane

IGPGTCVGF UWEJ VJCV VJG ITGCVGT VJG ECTDQP UCXKPI IGPGTCVGF VJG
CEEQWPVKPI UJQWNF HCEVQT KP GOKUUKQPU UCXKPIU HTQO VJG GPVKTG
from waste management and digestate (see Chapters 4 and 5). This would ensure that government

OQPG[ KU DGKPI URGPV KP VJG OQUV GZGEVKXG YC[ VQ EWV ECTDQP GOK
carbon reduction from AD plants. Operators would be incentivised to utilise the bio-CO , generated and

integrate CCS or CCUS technology, consolidating AD’s ability to deliver carbon negative biomethane.
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2) Innovation funding for improved biogas generation
7JG OQUV GZGEVKXG YC[ VQ JGNR ITQY C DKQICU KPFWUVT[ KU VQ UWRRGC
moving away from reliance on direct government subsidy. While the fact that carbon emissions are not
RTQRGTN[ RTKEGF KP VJG OCTMGV KU VJG OCLQT KPJKDKVKPI HCEVQT HQ
a number of areas of AD plant development and operation that could be improved to reduce costs and
increase revenues.

Targeting innovation towards these areas, such as biogas yield, biomethane content, standardisation

and modularisation, integration of CCUS technology and improvements to associated processes such as

ITKF KPLGEVKQP ECP JGNR KORTQXG VJG 2PCPEKCN OQFGN CPF OQXG RT
Innovation in these areas can also improve the carbon savings delivered if, for example, more biomethane

can be generated to replace fossil natural gas. Innovation should be provided both to support research

and development as well as commercialisation and practical adoption of novel technologies. As

KPPQXCVKQP TGFWEGU VJG EQUY QH RTQLGEVU KP VIJIG HWVWTG VJG NGX
fall, saving government money.

3) Support for CCUS at AD plants
While the development of solutions to integrate CCUS into AD projects should be included in innovation
funding, direct support should be provided for implementation of these technologies. Currently, for many
of biomethane upgrading projects, it does not make economic sense to utilise or store the bio-CO ..
OGCPYJKNG UKIPK2ECPY COQWPVU QH ECRKVCN CTG DGKPI KPXGUVGF KP
despite the AD industry already capturing bio-CO , from the atmosphere as a by-product of the organic
waste recycling process. It is imperative this is not wasted: it must either be used to replace CO , in
industrial processes, such as drinks manufacture, or stored, using novel techniques such as mineralisation
or other technologies to permanently lock in the carbon. Another alternative use, as the technology
develops, is to integrate AD with power to gas technologies, using hydrogen generated from excess wind
and solar power to upgrade the bio-CO , to more biomethane. Grant funding for the adoption of CCUS on
$' RNCPVU CPF QT EQPVKPWGF UWRRQTV HQT )\dgiuréd Orisit€ $hbuldbeQ TCI1G QH V
implemented to incentivise this.

4) Renewable Obligation on suppliers
$U VIG DKQICU KPFWUVT[ KP CP[ IKXGP EQWPVT[ OCVWTGU CPF KPPQXCV¥
FGXGNQROGPV KPXGUVQT EQP2FGPEG UJQWNF UVTGPIVIGP RCTVKEWNC"
expertise increases . As mentioned above, this can open the door to a transition away from direct
IQXGTPOGPVY UWDUKF[ TGFWEKPI VJG 2PCPEKCN DWTFGP QP IQXGTPOGPVL
VCRGTGF CYC[ CNVGTPCVKXG OCTMGY DCUGF RQNKEKGU ECP DG KPVTQF
VJG GPXKTQPOGPVCN DGPG2VU G I VJG ECTDQP UCXKPI FGNKXGTGF D[ \
RQNKE[ VJCV JCU RTQXGF GZGEVKXG KU VJG KPVTQFWEVKQP QH TGPGYCL
transport fuel, electricity, or gas. The obligation sets growing proportions of fuel that must be derived from
TGPGYCDNG UQWTEGU YKVJ UWRRNKGTU JCXKPI VQ RWTEJCUG EGTVK?2EC
OCTMGVY HQT VJG VTCFGCDNG ©OTGPGYCDNG EGTVK2ECVGU?® VICV RTQXKFG
and power, such as biogas electricity and biomethane, for the ‘green element’ of the energy, in place of a
VCTKZ DCUGF RQNKE][

,V KU KORQTVCPV VQ PQVG VJICV VIJG RTKOCT[ FKZGTGPEG DGVYGGP VJG "
RGTURGEVKXG HQT VJG RTQLGEV FGXGNQRGT KU VJCV VJG RTKEG TGEGK:
by market forces and so is variable. Investors will no longer have a guaranteed revenue and so there is

greater risk attached to the project. It is critical the transition to this form of market-based policy is not

done too early or it can stall industry growth and lead to loss of domestic knowledge and expertise as

well as green investment looking for opportunities overseas. It can be advantageous to support the move

to a market-based policy with a clear government strategy for the AD industry going forward, such that

KPXGUVQTU UVKNN JCXG EQP2FGPEG VJCV VJIG IQXGTPOGPVY KU EQOOKVV(

A renewable obligation plays a similar role to the development of carbon markets, but on a much smaller,

UGEVQT URGEK?2E UECNG $U ECTDQP OCTMGVU CTG FGXGNQRGF CV VJG P
scale, the value of the carbon impact should be factored into AD projects, superseding the need for sector

URGEKZ2E RQNKE]
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Chapter 7: Conclusion

Organic wastes are a global problem. Over 105 billion tonnes are produced each year. Yet only 2% of these
QTICPKEU CTG EWTTGPVN[ DGKPI TGE[ENGF :KVJQWV GZGEVKXG OCPCIGOG
They contaminate drinking water; they reduce air quality; and they emit methane directly into the atmosphere

— a greenhouse gas (GHG) far more potent than carbon dioxide. Untreated organic wastes left to rot account

for 5% of annual emissions worldwide. For too long organic wastes have been ignored.

5GFWEKPI QTICPKE YCUVG RTQFWEVKQP KU D[ HCT VJG OQUV GZGEVKXG O
impacts. With less waste arising, GHG emissions are avoided, and less energy is required to manage the
remaining material.

However, not all wastes can be prevented; for example, not all food waste is edible, and humans and livestock
will continue to defecate. Governments and societies should seek to treat these organic waste streams using
the optimal technology, AD, which turns them into valuable resources.

This report seeks to ensure that no policy maker will be able to say, “I didn’t know”, as they consider how the
collection and recycling of organic wastes through AD can be adopted into their own climate change policies,
URGEK2ECNN[ VIGKT 1CVKQPCNN[ 'GVGTOKPGF &QPVTKDWVKQPU VQ OCKPVC

At full potential, where AD is digesting all readily available and unavoidable organic wastes, annual global

emissions could be cut by at least 10%, on top of the 3% reduction that can be achieved from halving food
waste. Recycling organic wastes is a win-win.

Total global GHG savings (%):

Halving Total GHG savings
food waste  + Avoiding methane Displacing fossil-based = HTQO GZGEVKXG YCU
3% emissions by treating [ products with biomethane management

unavoidable waste and digestate 13%
5% 5%

Delivered through AD = 10%

AD unlocks the greatest value from organic wastes. If harvested through AD, these organic wastes will

provide sources of renewable energy, green CO ,, natural fertilisers and other valuable bioproducts, playing

a multifaceted role at the heart of the circular economy. It extracts the greatest value out of organic wastes

CPF VWTPU VIJIGO KPVQ VJG OQUV XCNWCDNG CTTC[ QH TGPGYCDNG TGUQWT
versatility.

AD can be installed on a micro level to recycle a household’s organic wastes, delivering on 9 of the 17 SDGs.

In cities, large scale merchant facilities can recycle 500,000 million tonnes annually and be a nexus of waste

management and energy production, connected to local heat networks and delivering transport fuel. Or

AD can be the hub of industrial clusters, where CO ,, process heat and energy i§ required. Biogas can also

RTQFWEG JGCV GNGEVTKEKV[ CPF HWGN CNN QZ ITKF CPF FGRGPFKPI WRQI
QVJGT WUGU OC[ DG OQTG DGPG2EKCN

AD can handle wet or dry wastes, or a mix of both, and can be used in conjunction with composting,

depending on the soil requirements in a given geographical area. Moreover, the production of biogas is
EQPVKPWQWU DCUGNQCF CPF FQGU PQV UWZGT HTQO VJG 3WEVWCVKQP Q
biogas a perfect integrator to these.

The biofertiliser produced from recycling nutrients improves both the health and carbon capture capability of
soils and improves biodiversity by mitigating the use of mineral fertilisers and pesticides.
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Investment in AD also has long-term security. Furthermore, biogas is compatible with a hydrogen future. Low
carbon biomethane can be converted into green hydrogen, or hydrogen can be converted to biomethane
when mixed with biogas’ CO ... In this way biogas is future-proofed, adapting to the energy needs of

tomorrow.

At its full potential, the AD industry could replace 33% of the demand for fossil natural gas, with renewable
biomethane; this proportion could be increased to 53% through the integration of power-to-gas technology,
converting AD’s bio-CO , into additional biomethane.

Scaling up the biogas industry to recycle the 105 billion tonnes of unavoidable organic wastes would require
an estimated investment of US$100 trillion, while creating 10-15 million new green jobs in AD development and
operation.

Waste not, want not. Each Government when reviewing its NDC under the Paris Climate Treaty should include
the collection and recycling of organic wastes among its target instruments. The collection of urban food
wastes, the reduction of uncontrolled burning of stubbles and harvesting of animal manures are all part of

the policy landscapes which bring us greater sustainability and better-quality air, water and soil outcomes.

Governments should therefore not simply measure biogas in terms of the cost of the kilowatt hour or
OGICLQWNG QH JGCV DWV KP VJG QXGTCNN DGPG2EKCN QWVEQOGU DKQICL
GPXKTQPOGPVCN UGTXKEGU CPF YKFGT DGPG2VU VQ JWOCPKV]

&CTDQP KU VJG DGUV YC[ QH CEEQWPVKPI HQT CNN VJG GPXKTQPOGPVCN D
account for emissions — albeit through carbon trading schemes, carbon tax, or emissions limits — carbon will
gain value.

Consequently, it will make economic sense to decarbonise, adopting new practices and installing new
technologies. Organic wastes will be recognised as valuable bioresources; from an expenditure if left to rot to
C TGXGPWG UVTGCO KH GZGEVKXGN[ OCPCIGF

Experience shows that any policy introduced to tackle decarbonisation will positively support the development
of AD, and the development of AD will positively deliver decarbonisation.
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The World Biogas Association

7JG :%$ KU C PQP RTQ2V CUUQEKCVKQP FGFKECVGF VQ VJG FGXGNQRO
CXCKNCDNG VQ QZGT UGTXKEGU VQ EQWPVTKGU EKVKGU CPF KPFWUVT
its technologies, the policies and incentives needed to ensure biogas is made a core solution to
resolving global challenges around sustainable development, climate change and public health.

The future of biogas is now
Join us In realising our mission

E:info@worldbiogasassociation.org
T: +44 (0) 20 3735 8116
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