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Decarbonising Welsh Housing between 2020 and 2050

STAGE 1

April 2018 to September 2018

A scoping review combining retrofit best practice and relevant 

publications to understand ‘what works’ and begin to establish 

decarbonisation pathways.

STAGE 2 

November 2018 to July 2019

A modelling exercise to understand the size and shape of the Welsh 

housing stock, and its potential to be decarbonised - based on the 

existing knowledge base.



STAGE 1 - understanding the challenge  

Legislation requires at least 80% reduction in carbon emissions by 2050 (vs 1990 levels). 

CCC has stated that Wales should target >95% reduction in carbon emissions by 2050.

Housing is responsible for 21% of Welsh carbon emissions.

90% of existing Welsh homes are likely to remain in use in 2050.

Wales has one of the oldest housing stocks in Europe.

The stock is diverse, in terms of type and condition.

A decarbonisation pathway must deliver holistically against WFGA. 







Five categories for retrofit actions:

A1. STRATEGIC

A2. FABRIC

A3. RENEWABLES

A4. SERVICES 

A5. PEOPLE

Five categories for challenges to retrofit:

C1. STRATEGIC

C2. EXISTING BUILDING

C3. FINANCIAL

C4. SUPPLY CHAIN 

C5. PEOPLE
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1 STRATEGIC actions and challenges time conf RAG

1.2
Energy 

sources 
Relevant CS: 9,10

80% of UK homes use mains gas for heat. For successful decarbonisation, around 20,000 

homes per week must move to a low carbon heat source from 2025 to 2050 .This will 

require considerable coordination and communication, resources, and a reliable supply 

chain. (LR09,10,11,22)

In the long term, decarbonisation of electricity at point of generation should mean that where 

mains electricity is available, dwellings will move to all-electric supply (and generation) via 

the national grid. (CS09, CS10)

However, decarbonisation of the grid could increase energy costs, putting additional homes 

into fuel poverty. It may not be easy to persuade consumers to move to low carbon 

alternatives which are more expensive, potentially less effective. (NEA, LR05)

There is also the possibility of a less carbon-intensive gas supply (LR29).

LT 

1.4

Fabric first 

approach
Relevant CS:

1,2,3,4,5,6,7,8,9, 

10,11,12,14,15,16

,17,18,22,23,24,2

5,27,29,31,35,37,

39

Fabric First is a well documented priority action. (CS29: heating demand reduced by 63% 

through fabric insulation alone, CS37: improved fabric and infiltration saves 66% of CO2).

All but four case studies adopted a fabric first approach. (CS33, CS34,and CS35 focus 

explicitly on CHP, while CS13 is a PV-only programme.)

While fabric first actions are not the most economic options, and do not necessarily have 

the shortest payback periods, they consistently and reliably deliver benefits in terms of 

reduced fuel bills and fuel poverty. They consistently reduce energy use and carbon 

emissions (LR09), and generate measurable social and health benefits (LR28 and LR29). 

Because changes to fabric tend not to result in changes to the way the dwelling is used, 

there are not typically issues around underperformance (compared with, for example, 

systems retrofit). However, quality of workmanship is particularly important for fabric 

interventions, as poorly executed work can significantly limit effectiveness. This requires a 

skilled workforce (LR12 and LR23).

ST 

1.5

Development 

constraints
Relevant CS:

1,2,3,7,14,15,16, 

17,20,21,22,23,24

,28,39

There are 2 types of development constraints:

Neighbourhood constraints tend to be implied rather than explicit (i.e. more subjective), and 

relate to a combination of form, materiality and character. Typically enforced by planning or 

conservation officers, and may or may not be categoric.

Dwelling constraints can be more subjective – e.g. form, materiality, style and character 

(again the remit of planning / conservation officers (CS 07, 15, 17, 22, 23) OR more explicit, 

e.g. construction type, room size, dwelling condition, etc. Explicit constraints will be the 

remit of building control officers, as well as warrantee providers and potentially lenders.

These constraints can affect the range of suitable actions and their effectiveness. They 

need to be taken into account but should not be seen as insurmountable challenges (e.g. 

CS21 and CS27 had extensive constraints, but significant CO2 savings were achieved).

ST 
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STAGE 1 - findings  

There is considerable scope to develop appropriate retrofit strategies utilising actions that 

are understood, and skills and products that are widely available. 

Retrofit actions affecting dwelling fabric are best understood. Renewables and systems-

based actions involve more emerging technologies. People represent the least 

understood aspect of retrofit, and introduce the most uncertainty around effectiveness, 

making future work around lifestyle and behaviour change particularly important.

The physical size and shape of a dwelling are not necessarily factors that change the 

approach taken to retrofit, apart from purpose built flats which are prone to overheating. 

However, these characteristics have considerable impact on capital cost and energy 

costs. 

The selection of retrofit actions is more likely to be informed by the current condition and 

location of the dwelling, by which retrofit actions have previously been undertaken, and in 

some cases by the personal choice of the occupant / owner.



STAGE 2 : 

modelling decarbonisation of the Welsh housing stock 

What it included:

• 14 dwelling models to represent the Welsh housing stock.

• 4 retrofit narratives to explore domestic retrofit options.

• 3 energy supply scenarios to investigate the impact of cleaner energy.

• Assumptions made to model the housing stock as a whole.

• Recommendations that informed Independent Advisory group report:

Better Homes, Better Wales, Better World. 



HOUSE 
End 

terrace

HOUSE 
Mid 

terrace

HOUSE 
Semi-

detached

HOUSE 
Detached

FLAT 
(Purpose 

built)
Total

pre 
1919

3% 9% 4% 7% 23%

1919-
1944

5% 5%

1945-
1964

10% 10%

1965 -
1990

4% 6% 10% 9% 4% 33%

post
1990

5% 7% 1% 13%

Total 7% 15% 33% 23% 6% 84%

STAGE 2 : A representative taxonomy of 14 dwelling types
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A representative 
taxonomy of 14 
dwelling types
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profile

WHCS 
2018

Housing fact 
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1990 
model+
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2016
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4 retrofit 
narratives

2050 
model+

Modelling the housing stock at three points in time

STAGE 2 - a representative taxonomy of 14 dwelling models



Four retrofit narratives for the 2050 simulation:

good practice Actions are driven by best value – in terms of 
affordability, cost effectiveness, and availability of 
skills and resources in the current marketplace. 
Equivalent to current Building Regulations.
Primary energy is mains gas.

best practice Assumes an aspirational client or owner occupier, 
likely to be more concerned with long term quality 
than cost. Environmental impact is a priority.  
Exceeds current Building regulations.
Primary energy is electricity. 

heritage Actions are constrained, e.g. as a result of listed 
building status or within a conservation area. Impact 
on exterior appearance is assumed to be challenging. 
Does not meet current Building Regulations.
Primary energy is mains gas.

rural Location or context dictates off grid energy solutions. 
As a result the focus is on energy conservation and 
use of locally viable renewables.
Exceeds current Building regulations.
Primary energy is electricity. 



3 energy supply scenarios to investigate the impact of cleaner energy:

Scenario 1
minor improvement

Modest improvement on the existing 
energy supply infrastructure, currently 
34% cleaner than in 1990 (BEIS 2017) 

Scenario 2
significant improvement 

Significant continued improvement of the 
national grid, with 60% of all energy 
generated without carbon emissions.

Scenario 3
transformational change

This scenario represents transformation 
of the national grid to a low carbon 
energy supply infrastructure.

40%

60%

80%
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Off gas

The Welsh housing stock as modelled, to explore limits to decarbonisation:

PRS

social

fuel poor

Pre 1919

Owner occ.

10% of homes

together, 30% 
of total stock

15% of homes

remaining 30% of homes

15% of homes
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Findings – energy supply

The three distinct scenarios led us to believe that the impact of changes to energy supply 

on decarbonisation of the housing stock cannot be underestimated:

Carbon reduction (as a range) by energy supply scenario:

1: 40% clean 2: 60% clean 3: 80% clean

heritage 58-66% 78-83% 100%+

good practice 64-76% 81-87% 100%+

best practice 83-89% 92-95% 100%+

rural 86-96% 93-98% 100%+



92%

Blue scenario – transformative improvement (80% clean energy) 

Yellow scenario – significant improvement in clean energy supply (60%)

Red scenario – minor improvement in clean energy supply (40%)

Predicting decarbonisation resulting from retrofit of the Welsh housing stock



Three energy supply scenarios for the 2050 simulation:

Scenario 1
minor improvement

It is not tenable to deliver 90%+ 
decarbonisation with established 
retrofit methods. 

Scenario 2
significant improvement 

90%+ decarbonisation is tenable, but 
requires a high standard of retrofit 
throughout the stock.  

Scenario 3
transformational change

Focus shifts from decarbonisation to 
demand reduction, to limit increases 
in energy costs and fuel poverty.

40%

60%

80%



Findings – capital costs

Baseline capital costs are predictable for the four retrofit narratives, described by the 

ranges below. (Low costs are consistently for smaller mid terraced properties and high 

costs are for older, larger detached dwellings.)

Heritage narrative £10.8k to £25.5k

Good practice narrative £17k to £32k

Best practice narrative £33.5k to £63.3k

Rural narrative £39.4k to £66.8k

The specification of retrofit actions can impact considerably on cost – in particular the use 

of materials or products that are ethically sourced, environmentally sustainable or have 

related health benefits.

Anticipated maintenance and repairs across 30 years fall in the range £11.1k to £19.8k. 

Capital costs assume retrofits are coordinated by the homeowner. Involvement of a 

contractor is likely to add circa 15%. However, by delivering retrofit in packages of around 

50 dwellings or more, this cost increase could be offset by economies of scale.



Findings – energy costs

For all narratives other than ‘rural’, annual energy costs are predicted to rise when retrofit 

focusses on cleaner energy supply and retrofit of heating systems.

The average increase in energy costs for the ‘best practice’ narrative is: 

Scenario 1 (assumes no increase in fuel tariff): 47% (range 26% to 59%)

Scenario 2 (assumes 50% increase in fuel tariff): 120% (range 89% to 138%)

Strategies focusing on cleaner energy supply and retrofit of heating systems (e.g. mains 

gas to electric heat) are likely to impact negatively on fuel bills for occupants in the short 

to medium term, with attendant increases in fuel poverty.

When holistic retrofit is implemented, the predicted average reduction in energy costs 

compared to current energy costs (Scenario 1) is:

Good practice narrative: 33% (range 14 to 49%)

Best practice narrative: 29% (range 20 to 42%)

Heritage narrative: 71% (range 58 to 78%)

Rural narrative: 11% (range 1 to 28%)



Recommendations

• UK Government must be lobbied to ensure the national grid exceeds 60% clean energy by 

2050.

• Action must be taken to protect vulnerable households, to ensure that increases in fuel costs 

or retrofit of new heating systems do not increase fuel poverty.

• The Welsh housing stock should, as a whole, be retrofitted to the equivalent of EPC ‘A’ rating.

• There should be no distinction between performance standards for retrofit and newbuild*. 

There should be no distinction between standards due to tenure, house type or condition.

• Retrofit of some Welsh houses is constrained by character. However the justification for 

‘acceptable fails’ must be carefully defined so as not to jeopardise decarbonisation targets.

• Retrofit must overcome the performance gap - targets should be delivered, not just predicted.

• Retrofit is easier to enforce for social housing and PRS sectors. Work must be undertaken to 

explore how to initiate retrofit in the owner occupied sector.

• A flexible approach requiring all homes to achieve appropriate standards by 2050 is the only 

way to anticipate achieving 90%+ decarbonisation under assumed energy supply scenarios.

* The Independent Review of Affordable Housing Supply (WG, 2019) recommended that “all 

new affordable homes be built to EPC ‘A’ using a fabric first approach from 2021”.


