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Today’s presentation

Supporting
circularity in

Next steps
and
opportunities

Summary of

Brief overview
of Zero Waste
Scotland

recent

the Clean
research

Heat transition

* Key learning intentions
1. Understanding of Scotland’s heat decarbonisation journey
2. Importance of applying a systems-based understanding
3. Insight into factors influencing circularity in the Clean Heat transition
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Who are Zero Waste Scotland?
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Who are Zero Waste Scotland?

Working with Scotland’s
Founded in Government, Circular

2014 business & Economy public
community body (2025)

Circular Economy (Scotland) Act 2024
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Who are Zero Waste Scotland?

Mission centred around four key themes:

\Y_/
d Help people care
o S (I
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Who are Zero Waste Scotland?

For further information:

Zero Waste Scotland Corporate Plan (2024- 2030)
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https://www.zerowastescotland.org.uk/corporate-plan-2024-2030
https://www.zerowastescotland.org.uk/corporate-plan-2024-2030
https://www.zerowastescotland.org.uk/corporate-plan-2024-2030
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How are Zero Waste Scotland
supporting a circular Clean
Heat transition?
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How are Zero Waste Scotland
supporting a circular Clean
Heat transition?

Stakeholder
mapping to identify
collaborative
approaches

Developing and
testing interventions
with key
stakeholders

|dentifying technical
factors influencing
success

Develop Roadmaps

ZERO

Why is this important?
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Stakeholder and policy

National
Planning

landscape

o

Energy

Heat . . Performance
Network Business, Policy & P
i A
Technical Case ssessment
Support Devel t
Unit evelopmen

Heat
Networks New Build
(Scotland) Standards
I Act 2021
Building the Zero

case for circular Waste
practices Scotland

Scottish
Government

Heat in Heat in
Buildings Buildings Bill
Strategy (2025)

2021 DRAFT

Other sector Local

ZERO

stakeholders Authorities

WASTE
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Nature of Scotland’s building stock

20% of total 2.7 4million ~230,000

emissions !lnked S A
to heating ( | 2023)

Diverse set of R f Limited data
ange o Energy use and fuel types

building building tenures [l in non-domestic buildings
archetypes ( )
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https://www.nrscotland.gov.uk/publications/households-and-dwellings-in-scotland-2024/
https://www.climatexchange.org.uk/wp-content/uploads/2023/10/cxc-categorising-emissions-in-non-domestic-buildings-sep-2023.pdf
https://www.climatexchange.org.uk/wp-content/uploads/2023/10/cxc-categorising-emissions-in-non-domestic-buildings-sep-2023.pdf

Nature of Scotland’s building stock

% of Scottish dwellings within coverage of the gas grid

Off Gas
Grid

On Gas
Grid

Scottish Housing Condition Survey, 2023
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Mains gas
Electricity

Oil

Communal Heating

LPG bulk or bottled

Solid mineral fuel

Biomass

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of dwellings (%)
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https://www.gov.scot/publications/scottish-house-condition-survey-2023-key-findings/pages/1-key-attributes-of-the-scottish-housing-stock/

Nature of Scotland’s building stock
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Detached

Semi-
detached

Terraced

Tenement

Other flats

All Age Bands
pre-1919
1919-1944
1945-1964
1965-1982
post-1982

All Age Bands
pre-1919
1919-1944
1945-1964
1965-1982
post-1982

All Age Bands
pre-1919
1919-1944
1945-1964
1965-1982
post-1982

All Age Bands
pre-1919
1919-1944
1945-1964
1965-1982
post-1982

All Age Bands
pre-1919
1919-1944
1945-1964
1965-1982
post-1982

300 400 500 600 700

Number of dwellings (in thousands)

44.8%

EPC C or better in
Domestic buildings

( )
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https://scotland.shinyapps.io/Energy/?Section=EnergyEfficiency&Subsection=EfficiencyMeasures&Chart=DomEPCs
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Viewing Clean Heat through a
circular economy lens
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7,355 installed 2023- 2024
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The need for a systems-based
approach

Complex & integrated system

Multiple stakeholders
policy
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Scotland’s Clean Heat Transition:
a systems-based understanding
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Project overview

* Terminology

* Aims and objectives
*  Methodology

*  Summary of findings
* Conclusions

* Next steps
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Key terms and definitions

Systems thinking Holistic practice of identifying all factors in a system and

evidencing their interconnectedness, dynamics,
associated stakeholders, and underlying detail.

Behaviour Change Process of identifying and modifying habits, actions,
responses to promote positive social, environmental,
personal, economic outcomes.

AL GG RS Y T Visualised output demonstrating relationships,
Maps interactions and dynamics within a system.

Circular Economy Framework designed to aid understanding of
Practices (CEP) environment within which businesses operate and areas
FLHHEL N EV 0 S of influence affecting uptake of circular practices. ZERO

Individual, Social, Tool developed to design and/ or evaluate interventions WASTE
Material (ISM) supporting sustainable behaviours SCOTLAND
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Aims and objectives

Improve understanding and evidence of the factors influencing the adoption of circular
economy principles and practices in Scotland’s low to zero carbon heating transition

|dentifying lifecycle factors influencing circularity

Mapping stakeholders and their roles

Understanding barriers, enablers, and opportunities for
circular practices

Developing systems maps illustrating behaviours,
relationships, and feedback loops

ZERO

WASTE
SCOTLAND




OFFICIAL

Methodology

Technological focus

e Enhanced energy A £ Drive to explore and A
efficiency expand their use
 Achieve operational e Reduced emissions
emissions reduction using renewable sources
* Policy based targets e Heat Networks
UK/ Scotland (Scotland) Act 2021

Air to water <=3l District Heating

heat pumps Networks

ZERO

WASTE
SCOTLAND




OFFICIAL

Methodology

Research participants

District Heating
Network
Installers/
Operators

Economic
Development
Agencies

Heat Pump
Installers

Manufacturers Trade Bodies

Waste
Academia Management Suppliers
Operators
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Methodology

Delivery schedule

Task 8: Behavioural

Task 5: Stakeholder Task 6: Task 7:

Task 1:  Task 2: Task3: Task 4: oot . Stakeholder BeRaviaural systems map

L L R P LA L L find'ierlgses‘ﬁ:l"negis interviews synthesis systems mapping Te cc::':ll'l‘{:::d::i‘o’:ns
————— -~ r OO RO C -—— e -, o PR .
1. Improve knowledge and 1 | * ' Ay llf | ®) | A
understanding on the extent of and | Gather | = Scope ‘ . | Gather I 1 :
complexity of adopting circulor I data I sector . Reportfindings ' | datq I ] '
economy practices | J ‘ on circular ; | ) ! b
| — | s 1
* economy ' ; ]
) - o . understanding ! i :
2. Identify the stakeholders involved | Gath Validate ] uncl:l( k:yld ’ Validate | :
across the value chain and in I ather stakeholders and | | stakeholders . findings : |
decision making and their data relationships | s to date " Synthesise {
interrelationships | ‘ , ‘ ’ '
- U . ! systems maps
_____ - e | I : to establish |
3. Build knowledge of the 1 | 4 | ! Synthesise A : ehmergmg |
drivers, barriers, challenges and | Gather I I Gather | . drivers, ] o Themes :
opportunities for the uptake of I data I I data | | barriersand | : :
circular economy behaviours | ) | , ' opportunities | :
e - - - e e e e e || e e sssssesse - ) SE— . 1
b 1
4. Devel f th S D[ i
. Develop systems maps of the ! '
behavioural themes and influencing : Gather ik '
factors emerging from the research | data || 4
- JA y

P o ee— e -

. > ] [
Key Define I\Reseurch }‘ ] SynfhesiseA;
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Learning approach

Research themes explored

Causal relationships

Feedback loops

-

Data collection

System
dynamics

Measuring

and reporting
circularity

Achieving project

Understanding

circularity

Exploration of lifecycle factors

Existing
circular
practices

objectives

Systemic
factors

Barriers, enablers
and opportunities
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Summary of findings
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Stakeholder mapping

* Heat Pump

* District Heating Networks
ESCo (Energy Service Company)
AESCo (Accidental Energy Service Company)
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Heat Pumps

9. Government agencies 2 10. Trade associations * 6. HP Circular business
and departments and representative bodies model providers

,
' 3.Who|esolers‘l

Design, L Installation
R&D and mmd ° Removal of old heating systems

In use

Raw and
processed

End of life
* Removal of old heating systems

* Maintenance

material Manufacturing * Installation of new system * Installation of new system

production 5. HP Maintenance/ y
! ‘ 2. Heat Pump * ( 4. HP Installers A) service providers ( 4. HP Installers )
| 1. Raw material (HP) Manufacturers

| manufacturers (4. HP Installers A)
S < A

'3 Waste collection and sorting

7. Primary Waste A
Management Contractors

Reprocessing/Refurbishing

(8. Reprocessors/ Refurbisher;k) <
| ZERO

|<_

—F—_—— e — — ~
Key Stakeholders are primarily in Scotland ‘) @Siukeholders both in Scotland but also UK/overseas *) Stakeholders primarily outside Scotland and UK II Circular business model providers. SCOTLAN D
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District Heating Networks (ESCo)

J. Government agencies = K. Trade associations =
and departments and representative bodies

v

Manufacturing Installation
* Removal of old heating systems

roTTEEEEEEEEEm—-_— ~
|

Day to day operation End of life
and maintenance * Removal of old DHN
systems/components

Raw and Design and R&D

processed

¢ Installation of new system

material

: B. ESCO C. Heat plant - Boiler, CHP, EfW, |
production Heat Pump, Biomass (Medium : ( B. ESCO - Operator Team A) y
( life expectancy) ) ( B. ESCO (Installation Team) ‘) B. ESCO - Installation
A. Raw material \I et " Team/Contractors
I\ TTu_h:hief _ /' I D. Heat distribution system - :
l pipework (Long life expectancy) )
S SoS oSS oo oo oo
| b pefleer ]
E. Heat distribution system - pumps/ | I \Woste collection and sorting | NEEEEEEE

: valves (Short life expectancy) )

::::::::::::::_—; H. Primary Waste A
I F. Heat distribution system - thermal | Management Contractors
l store (Long life expectancy) }

G. Heat interface units and
consumer heating systems
(Short Life expectancy)

Reprocessing/Refurbishing

*)

(I. Reprocessors/Refurbishers ) z E R 0

Key Stakeholders are primarily in Scotland A) SI keholders both in Scotland but also UK foverseas *) Stakeholders primarily outside Scotland and UK /l SCOTLAN D

o ————— —— ———— ——————
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District Heating Networks (AESCo)

J. Government agencies A K. Trade associations A
and departments and representative bodies

Design and R&D Manufacturing

Raw and Installation Day to day operation End of life

processed P - * Removal of old heating systems and maintenance * Removal of old DHN
i * Installation of t 1 t

materials B. Esco ‘ I c' Heu' plonf R Boiler] CHPI Efwl nsraliarion or new SyS em SyS emS/COmPOnen S

Heat Pump, Biomass (Medium
1 life expectancy)

{
| A.Raw material ‘:

| manufacturers

. ( M. DHN Installation Confraclors‘)
L. Design

Specialist P e ~ N

| D. Heat distribution system -
pipework (Long life expectancy) )

‘ —

Contractors

( N. O&M Specialist A)
( M. DHN Installation A]

ST T T T T T T T T T T T ~
I N )

E. Heat dlslflbfﬂlon system - pumps/ | e Waste collection and sorting [ e
" valves (Short life expectancy) )
S S SSo S ssee H. Primary Waste A
| F. Heat distribution system - thermal : Management Contractors
| store (Long life expectancy) )

G. Heat interface units and *

consumer heating systems

(Short Life expectancy)

T Reprocessing/Refurbishing
*)

(I. Reprocessors/Refurbishers J;

ZERO

J A WASTE
Key Sfukeholders are primarily in Scotland ‘J - keholders both in Scotland but also UK foverseas *) Stakeholders primarily outside Scotland and UK /l SCOTL AN D
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Causal feedback loops

Reinforce High safety/
dependence performance

on new standards
Lack of
standardisation

Circular options

: for complexity
remain

system
financially y
unviable
Reduced Expensive
incentive to recertification
Invest in [ Certification and cost ] for reused
circularity parts
[ Installer reluctance } Installers avoid
Low market reuse/
scalability unfamiliar parts
Discourages Reuse
demand for financially Reduced

demand for

refurbished unviable
components remanufactured

parts
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Causal feedback loops

Circularity Installer
remains training
marginal in already
standards dense
Minimal
demand for
fraining [ Training overload ]
updates
Low
Limited awareness or
- . skills in
iImplementation .
. circular
on site .
practices

Manufactures

No incentive to
build take-back

schemes

Circular
practices
seen as non-

see limited
value in returns

essential

[ Supply chain inertia

\

Low availability
of circular
components

No recovery or
reuse of
materials

No take-back

infrastructure

7/
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Summary of findings

Policy and regulatory change

Proposed change Relevant stakeholders

Develop Circular Economy
Standards for Clean Heat
Technologies

Incentivise Circular
Procurement in Public Retrofit
Projects

Integrate Circularity into Skills
and Training Programmes

Minimum expectations for
circularity with respect to heat
pumps and boilers

Use demand to stimulate the
market for circular solutions,
components and systems

Equip value chain with
practical skills in circular
practices and efficient system
sizing

Manufacturers, Installers,
Regulators, Consumers

Public Sector, Contractors,
Manufacturers, Consumers

Training/ Education Providers,
Installers, Engineers
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Summary of findings

Cross-cutting barriers and challenges
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Summary of findings

Cross-cutting enablers and opportunities

Skills &

Knowledge
Infrastructure
vieliee & Lotgist:cs
What can
enable the
el uptake of  fom
circular
practices?
Consumer Standards &
empowerment Certification
e ZERO
WASTE

SCOTLAND
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Behavioural systems maps

Optimised solutions identified
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Behavioural Theme 4

Heating systems are
owned by third parties.

Key

* = Core
A = Contextual

Stakeholders
= -~
y
Link to other ! N
behaviour | Behaviours
theme maps \
\

CEP: Prevailing measure
of value, Market, Finance

\

Individual

> a0
Social
Material

Service Providers

Institutions

fully supported providing shared
revenue, more trust and

* |Initiatives to support buisness case
development for more circular
business models”

* Government grants and schemes

with retained ownership business
models*
Network/relationship
* Manufacturers partner with
organisations on rental, lease,
Haa$ business models”

LY

* DHN community ownership models

engagement and longterm stability”

are compatible and easy to access

Installers

Customers

Opinion
leaders
* Gov and non
gov
organisations
advocate
adoption of
new business
models”®

J

\/_\
7 2.8

/ Creation of
business

( models around

retaining

Skills :R:

* To install HPs to
achieve high energy
efficiency and low
strain on
components, and get
install right first time
to ensure minimal
maintenance®

* Knowledge of
impacts and
suitability of retained
ownership business
models*

7 e
Retained

ownership )

business models |

®

|8

skills
* Awareness of different business
dels*
models —~
Cost & benefit
¢ Retained ownership models are
cost effective and affordable™
4
- @)
Market @
* Wide choice of retained
ownership business models*

N

B

Ve
Rules and regs

* Regulatory environment

supports retained ownership

et A5l E.g. rrl.

of last resort*

* Guarantees e.g to consumers
on long term repair and
maintenance for HPs, and
competitive tarriffs for DHNS”

Infrastructure

* Supply chain businesses
willing to engage on CEBM
approach (and have
adequate knowledge e.g.

installers)”®
& 4
vY _ /
- Y
4 N\
/ Consumers - \

| prioritise retained |

are promoted
when inspecting

»1 ownership
business model |

\ over purchases ;

\ ownership / and undertaking /
7 \ system design , \ 4
o N 4 < 7’
A A ~ - e
g 4 Rules and regs \ (3
ules anciregs « Contracts allow (A Q?.o
. Rlegulf:hons and Network/ consumers to Opinion Leaders =
planning system 4 . transfer * Government and non government
supports the Market @ relationship subscription/ lease organisations promote buying
|nfrodn:d|on of * Installers contracts e.g. when products using retained ownership
DHNs * Demand for partner with moving house, business models®
reromed. organisations whilst also Tastes
ownership on rental, protecting 3rd Pary §
models* lease, Haa$ operators* * Prefer to rent/subscribe rather than
f' R Finance business e
Cos.f & b.ene " A labiliy of models Institutions
« Financial business i * Social Housing/ Landlord make
case Fc_)r lease, rent capital for d to adopt retained
l‘!o:ls is financially businesses ownership business models*
viable adopting new Norms
Norms — business models* P e O tont with'ch
* Retailers advertise S retained ownership business
benefits of leasing models*
and Haa$ service _ = J
options®
4

Outcome
Consumers lease or
rent HPs or use Haa$

Behavioural
Theme 7
Maximising
recycling

Behavioural
Theme 6
Refurbishable/

Outcome
Consumers returns HP
at end of contract

r able
parts are sent for
assessment

Behavioural
Theme 3
Reuse and
redistribution
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Conclusions

* Complex landscape influenced by a diverse range of factors

* Circularity is emerging across the Clean Heat sector but is not yet

fully embedded

* Lack of reliable and available waste data

* Limited skills and awareness among installers, consumers, and
commercial teams

* Infrastructure gaps such as the absence of take-back schemes and
reprocessing facilities

* Logistical challenges limit potential to scale emerging opportunities
* Unclear economic return deters potential investment in circular

opportunities ZERO
* Inadequate regulation and certification standards hinder uptake of %&PALE

circular solutions
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Recommendations

* Continuation of a systems-based approach key to enabling circular
solutions

* Behavioural systems maps have provided a set of tools and a
starting point for further dialogue with stakeholders and realising
feasible and practicable opportunities

Learning from existing :

* Maximise component e Second hand market e Embedding circular
retention e Remanufacturing criteria in public sector
e Third-party business potential procurement
models * Replicating service * Aligning with
* OEMs to inform local models developing EU policy
circular solutions on product design/ CE ZERO
 Develop support %&PALED

mechanisms
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Next steps

* Evolving Scottish policy landscape: Heat in Buildings Bill

*  What next for Zero Waste Scotland?

* Supporting ongoing business case development of circularity in retrofit and
heat network deployment opportunities

* Implementation of the Zero Waste Scotland Energy Infrastructure Roadmap

*  Knowledge exchange opportunities
Collaboration locally, nationally and internationally is critical

ZERO

Invite those on the call to continue this dialogue beyond today’s session \WASTE
SCOTLAND
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Links to Zero Waste Scotland
publications

Scotland’s Clean Heat Transition: a systems-based
understanding

* Energy Infrastructure Roadmap

Scotland’s Circular Economy Practices Ecosystem

Individual, Social, Materidl
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https://www.zerowastescotland.org.uk/resources/scotlands-clean-heat-transition-systems-based-understanding
https://www.zerowastescotland.org.uk/resources/scotlands-clean-heat-transition-systems-based-understanding
https://www.zerowastescotland.org.uk/resources/scotlands-clean-heat-transition-systems-based-understanding
https://www.zerowastescotland.org.uk/resources/scotlands-clean-heat-transition-systems-based-understanding
https://www.zerowastescotland.org.uk/resources/scotlands-clean-heat-transition-systems-based-understanding
https://www.zerowastescotland.org.uk/resources/energy-infrastructure-roadmap-circularity
https://www.zerowastescotland.org.uk/resources/energy-infrastructure-roadmap-circularity
https://www.zerowastescotland.org.uk/resources/scotlands-circular-economy-practices-ecosystem
https://www.zerowastescotland.org.uk/resources/scotlands-circular-economy-practices-ecosystem
https://www.gov.scot/publications/influencing-behaviours-moving-beyond-individual-user-guide-ism-tool/pages/1/
https://www.gov.scot/publications/influencing-behaviours-moving-beyond-individual-user-guide-ism-tool/pages/1/
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Thank you

Learning intentions:

1. Understanding of Scotland’s heat decarbonisation journey
2. Importance of applying a systems-based approach

3. Insight into factors influencing circularity in Scotland’s
Clean Heat transition
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