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Abstract  
To meet the UK’s 2050 net zero carbon targets, Whole Life Carbon Assessment 
(WLCA) is used to calculate the lifetime carbon emissions of building projects. This 
paper aims to compare different estate regeneration scenarios for meeting the interim 
2030 benchmarks for the 2050 target. The research consists of a case study 
employing co-design and WLCA experiments, and impact evaluation surveys. The 
results of the WLCA demonstrate the lower operational impacts of fossil-fuel-free 
scenarios, and lower embodied and overall carbon emissions of retrofitting scenarios. 
To make an informed decision towards the future of the estates, different regeneration 
scenarios need to be studied, and the stakeholders should understand the carbon 
emissions of different materials and systems. The findings of this study can be used 
to compare regeneration schemes of other building types. 
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1. Introduction.  
United Kingdom's legislative commitment to achieving net zero greenhouse gas (GHG) 
emissions by 2050 (1) in the building industry refers to reducing the net carbon emissions 
during the construction and operation of the buildings to zero. This means that any emissions 
produced are reduced, and the remaining emissions are offset through various measures such 
as renewable energy generation or carbon offsetting schemes (2) to offset an equivalent 
amount of greenhouse gases from the atmosphere, such as reforestation or carbon capture 
and storage technologies. 

The urgency of this target is amplified by the considerable environmental footprint of the 
construction sector, which is implicated in nearly 40% of the total carbon emissions (3) when 
taking into account the full lifecycle of the built environment. This includes the embodied 
carbon from the manufacture and transport of building materials, the operational emissions 
from energy use in buildings, and the eventual impacts of demolition and waste processing 
(4). To navigate this complex terrain, a holistic, lifecycle-based approach in planning is 
required (5). Whole Life Carbon Assessment (WLCA) is a methodological framework that 
measures the carbon emissions associated with all stages of a building's life, from resource 
extraction and material production to construction, operation, and ultimately disposal or 
recycling (6). 

Although the WLCA methodology is well-established, there are methodological gaps in any 
lifecycle-based assessment method (7), which is beyond the scope of this paper. In the UK, 
in many cases, conducting WLCA has predominantly focused on a comparison of new 
construction with existing buildings, giving less attention to the retrofitting of existing structures 
as a carbon-efficient alternative. This oversight is critical for meeting the UK net zero target, 
as retrofitting often provides a lower-carbon pathway to extending the life of the built 
environment, reducing the demand for new resources, and preserving the embodied carbon 
within the existing structures. 

In incorporating WLCA for decision-making over the regeneration of the estates, a just 
approach is required  (8; 9). O’Beirne et al. (10) cite the trivalent theory of justice to emphasise 
the interconnectedness of equity in distribution, recognition of differences, and equitable 
participation in understanding and addressing of issues. In addition to the fairness of the 
participatory processes, research has shown the impact of stakeholders' participation in 
reducing the environmental impacts of buildings (11; 12; 13; 14). In addition, to enable 
informed decision making, the impacts of different regeneration schemes should be discussed 
with and understood by the stakeholders (15). While justice and impact are important factors 
for participating with the communities, this is now a legislative requirement in the UK (16). In 
their pathway to meet the UK net zero trajectories, UK Green Building Council (UKGBC) has 
developed a pathway for action plans of different stakeholders in the building industry (8). All 
this research demonstrates that for a just and viable transition to net zero, low carbon literacy 
and competency should be advocated across different stakeholders (8; 9).  

In exploring these avenues, this paper sets out to elucidate the potential of an inclusive and 
informative approach in contributing towards the UK’s net zero carbon trajectories. It aims to 
explore different estate regeneration scenarios for scrutinising their potential in better meeting 
the UK's net zero targets with less need for carbon offsetting. To do so, this study challenges 
prevailing practices and advocates for a more inclusive and just application of WLCA, 
engaging with the community of an estate regeneration scheme and providing the community 
(NGOs and residents) with the data and analysis needed to make informed decisions that 
align with the overarching goal of having a lower Climate Change impact.  
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2. Methodology 
This research is conducted within a single-case study framework, employing both qualitative 
and quantitative methods to ensure a comprehensive collection and analysis of data. The 
investigation proceeds in two main stages: the first is centred on a co-design initiative involving 
the community of residents, while the second undertakes a comparative WLCA of six different 
estate regeneration scenarios, including the existing building, retrofitting scenarios, added 
storey and retrofit, and new build scenarios as described in Table 1. 

Through a series of online co-design workshops, which were vital in assimilating the 
community’s insights and sustainability preferences into the plan, a regeneration scenario was 
developed with different stakeholders to retain, retrofit, and extend the existing estate, in 
response to the local council's previously approved scheme to demolish and redevelop the 
estate (17). The collaborative co-design workshops were conducted between a 
multidisciplinary team from UCL, consisting of architects, urbanists, planners, and 
researchers, and the community of Alton Estate in London (UK), consisting of the residents 
and Alton Action community group (17). At the two sustainability co-design workshops with 
the community and the research team, the terms Net-Zero, operational energy, embodied 
carbon and carbon offsetting were discussed with the participants. The properties of different 
materials and building systems were also explored. Selection of materials and some of the 
building systems for the new parts of the building, timber framing system and lightweight 
unenforced concrete panel for the top floor extension, and introduction of solar panels to the 
roof were some of the results of these discussions.  

2.1. WLCA Studies  
Following the selection of materials and regenerative systems during one of the co-design 
workshops for the scheme developed by Sendra et al. (17), referred to as Scenario 4 in this 
paper, a detailed WLCA is conducted for different regeneration scenarios, focusing on a typical 
four-storey maisonette block within the estate 
(18). A summary of the description and 
assumptions of the modelling parameters of 
scenario 1-6 have been presented in Table 1. 
Scenarios 1 to 5 were previously explored by 
Nava et al. (18), while scenario 6 was added to 
explore the potential of a low-energy new build 
scenario based on LETI (19) best practice 
guidance for new residential buildings.  

Figure 1 presents the existing four storey 
maisonettes and Figure 2 illustrates the 3-
dimensional (3D) model of the scenarios with 
added storey on top (Scenarios 4, 5, and 6). 

The system boundary for the WLCA is 
established as 'cradle-to-grave', which 
encompasses modules A to C of the whole life 
building lifecycle, including product stage (A1-
A3), construction stage (A4-A5), use stage (B1-
B5), and end-of-life stage (C1-C4), following the 
EN15978 (4) building lifecycle modules and 
RICS’ guidelines (20).  

For preparing the 3D models of different 
scenarios, Autodesk Revit (21) was used. The 
gbXML formats of the 3D models have been 
imported to DesignBuilder (22) for energy 
modelling of different scenarios using 

Figure 1. Alton Estate, Harbridge Avenue, Four 
Storey Maisonettes 

Figure 2. View from Autodesk Revit illustrating the 
model with the added storey for Scenarios 4, 5, and 6 
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EnergyPlus (23). For measuring the embodied carbon impacts of different scenarios, the Revit 
models were updated using the data from DesignBuilder for specifying the materials. This data 
was then imported to One Click LCA (24) and further adjusted for selection of materials and 
for consistency between the energy model and the material database. The results of the 
WLCA have been further explored in this paper for reaching the UK Net Zero target.  

 
 

Scenario 1 2 3 4 5 6 
  Existing 

building 
Basic 
retrofitting of 
the existing 
building to 
meet the 
building 
regulations 

Limited retrofitting 
of the existing 
building 

Moderate retrofit of 
existing building 
with top floor 
extension and 
added balconies 

New build 
replicating Scenario 
4  

New build 
replicating 
Scenario 4 with 
moderate low-
energy systems  

  Modelling 
Reference 

The Energy 
Model, 
Cross-
referenced 
with the 
Stock Model 

To meet the 
Building 
Regulations 
Requirement 
(25) 

LETI Best Practice 
Guidance – 
Limited/Constrained 
Retrofit (26)  

LETI Best Practice 
Guidance -  
Moderate/Unconstr
ained retrofit 
Element Method 
(26)  

Energy Statement 
of Approved 
Regeneration/-
Rebuild 
Specifications (27) 

LETI Climate 
Emergency 
Design Guide 
(19) 

Major 
External Wall  

Description Brick Flank 
Wall  

Insulated 
Brick Flank 
Wall  

Insulated Brick 
Flank Wall  

Insulated Brick 
Flank Wall  

Insulated Brick Wall Insulated Brick 
Wall 

U-value 
(W/m2k) 

1.48 0.32 0.32 0.18 0.18 0.15 

Top Storey 
External Wall  

Description - - - Precast Insulated 
Concrete Panels 

Precast Insulated 
Concrete Panels 

Precast Insulated 
Concrete Panels 

 U-value 
(W/m2k) 

- - - 0.18 0.18 0.18 

Glazing Description Double 
Glazing 
(3mm/6mm 
Air Glazing) 
with UPVC 
Framing  

Double 
Glazing with 
Alu 
Composite 
Framing 

Double Glazing with 
Alu Composite 
Framing 

Triple Glazing with 
Alu/Timber 
Composite Framing 

Double Glazing with 
Alu Composite 
Framing 

Triple Glazing 
with Alu/Timber 
Composite 
Framing 

U-value 
(W/m2k) 

1.96 1.60 1.30 1.00 1.30 1.00 

External 
Door 

Description Timber Flush 
Door  

Insulated 
Timber Flush 
Door  

Insulated Timber 
Flush Door  

Insulated Timber 
Flush Door  

Insulated Metal 
Door  

Insulated Metal 
Door  

U-value 
(W/m2k) 

2.59 1.80 1.00 0.80 1.00 1.00 

Lowest Floor Description In-situ 
Reinforced 
Concrete 
Slab  and 
Screed 

In-situ 
Reinforced 
Concrete Slab  
and Screed, 
with added 
insulation 

In-situ Reinforced 
Concrete Slab  and 
Screed, with added 
insulation 

In-situ Reinforced 
Concrete Slab  and 
Screed, with added 
insulation 

Precast Reinforced 
Concrete Slab and 
Screed with 
Insulation  

Precast 
Reinforced 
Concrete Slab 
and Screed with 
Insulation 

U-value 
(W/m2k) 

0.54 0.54 0.54 0.15 0.13 0.10 

Roof Description In-situ 
Reinforced 
Concrete 
Slab  and 
Screed  

In-situ 
Reinforced 
Concrete Slab  
and Screed, 
with added 
insulation 

In-situ Reinforced 
Concrete Slab  and 
Screed, with added 
insulation 

CLT with Insulation 

CLT with Insulation CLT with 
Insulation 

U-value 
(W/m2k) 

0.83 0.26 0.12 0.12 0.13 0.13 

Heating 
  

Description Combi Boiler Combi Boiler Heat Pump Heat Pump Combi Boiler Heat Pump 
Efficiency(%) 85 88 250 250 89.5 250 
Fuel Natural gas Natural gas Electricity from grid Electricity from grid Natural gas Electricity from 

grid 
Ventilation Description Natural 

ventilation  
Natural 
ventilation  

MVHR  MVHR  MVHR  MVHR  

Effective-
ness  (%) 

- - 94 94 94 94 

Airtightness m3/ 
m2.h@50Pa 

25 10 3 2 3 2 

Regenerative PV % of roof 
area 

- - - 40 40 40 

Table 1. Summary of modelling assumptions for options 1-5 reported from Nava et al. (2023) and scenario 
6; NCM: National Calculation Methodology; MVHR: Mechanical Ventilation with Heat Recovery; CLT: Cross-
Laminated Timber 
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2.2. Impact Evaluation  
Two evaluation surveys were conducted to find out about the impact of knowledge exchange 
and learning about the properties of materials and building systems, and understanding the 
assessment results, on the community’s decision making. The first survey was conducted at 
one of the online workshops using Zoom (28) poll, where the participants were asked if 
learning about the carbon footprint of materials and systems impacted their decision making 
over different options.   

At a later workshop the WLCA results were presented and discussed with the participants. 
The participants were then asked to use seven-point scoring (1 being the lowest value and 7 
being the highest value) to describe How much their decision-making for regeneration 
scenarios was impacted by learning about the sustainability assessment results. At this 
workshop, twenty-one participants from different stakeholder groups including the residents, 
non-profit community groups, architect/researchers, and members of the council participated 
in the evaluation survey.  

 

3. Findings  

3.1. WLCA Results 
3.1.1. Annual Operational Energy 
The findings of the energy modelling are presented in Figure 3 and Figure 4. Figure 3 shows 
a layered bar chart of the Normalised Annual Energy Use Intensity (EUI) in kWh/m2 for various 
regeneration scenarios, categorised by energy source and normalised by Gross Internal Area 
(GIA). The results illustrate the highest energy consumption for fossil-fuelled heating and 
domestic hot water (DHW). The minimal energy requirements are for lighting, and auxiliary 
energy across all scenarios indicate effective design measures that minimise operational 
energy demand. As noted in the modelling assumptions, the designated u-values for the 
external fabric in scenarios 3 and 4 are based on LETI guidance (26)  and the revised planning 
proposal for the regeneration of the Alton Estate (27). The assumptions for scenario 6 are 
based on best practice guidelines for new buildings (19). As a result, the lower heating demand 
of scenarios 3 to 6 is a result of the lower thermal transmittance of the fabrics of these 
scenarios. The results reveal a notable divergence in EUI among the scenarios, with scenarios 
3, 4, and 6 exhibiting the lowest energy profiles. These scenarios stand out due to their 
exclusive use of electricity for heating and domestic hot water (DHW). This transition from gas 
to electric, as per the grid's supply, contributes to their lower EUI, aligning with the shift towards 
decarbonised energy sources. As these results illustrate, a minimal intervention to the existing 
building to meet the building regulations (25) would result in reducing the heating demand by 
almost 66 percent, about a third of the required heating for scenario 1. In comparison of the 
EUI of scenarios 1-6, it needs to be noted that scenarios 4, 5, and 6 have an added storey 
consisting of thirteen studio flats. The different usage intensity of the added story has had an 
impact on the normalised EUI and as a result, despite similar assumptions, scenario 3 
demonstrates a lower EUI for Room Electricity than scenarios 4 to 6.  

Breakdown of the energy consumption of different scenarios illustrated in Figure 3 presents 
the potential energy savings achievable through strategic building upgrades, challenging the 
presumption that newer buildings are automatically more energy efficient.  
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The aggregated comparison of the Overall EUI in kWh/m2 across the regeneration scenarios, 
juxtaposed against the RIBA 2030 target of less than 35 kWh/m2 (29) is illustrated in Figure 
4. As the bar chart demonstrates, the stark contrast in EUI between the existing scenario (1) 
and retrofitted and new build scenarios (2-6) is evident, with scenario 1 far exceeding the 
benchmark at 164 kWh/m2, indicative of the inefficiency of existing configurations without 
intervention. As the retrofitting interventions are introduced, a remarkable reduction in EUI is 
observed, with scenario 2 cutting the figure to 84 kWh/m2, and scenarios 3 and 4 and the best 
practice new build (6) dipping even further below, achieving figures that are not only 
substantially lower than scenario 1 but also falling close or below the RIBA 2030 Target (29). 
This descending trend underscores the efficacy of retrofitting strategies that incorporate high-
performance building fabrics and decarbonised energy systems. The results of the analysis of 
the operational energy of the schemes show that the lowest EUI is achieved in scenarios 4 
and 6. This difference is due to the introduction of photovoltaics for 40% of the roof of these 
scenarios, which is presented in green bars in Figure 3. These results confirm one of the 
questions posited by the study: that through careful planning and implementation of retrofit 
measures, renewables, and fossil-fuel-free building systems, existing buildings can indeed 
surpass new builds in terms of energy efficiency, meeting, and even exceeding stringent net 
zero benchmarks. However, the limitations of this hypothesis, such as the performance gap 
between the predicted and actual measures should be noted. It can be argued that these 
limitations apply to different retrofit and new build scenarios. 

Figure 4. Overall EUI kWh/m2 (Area in GIA) of the regeneration scenarios compared to 
RIBA 2030 Benchmark (29) 

3.1.2. Whole Life Embodied Carbon 
The results of the embodied carbon footprint of different scenarios for One Click LCA (24) over 
a 60-year period, expressed in kgCO2e/m2 and normalised by Gross Internal Area (GIA), have 
been presented in Figure 5 and Figure 6. The detailed stratification of carbon emissions 
across the lifecycle stages, from material acquisition (A1-A3) to disposal (C4), has been 
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illustrated in Figure 5 for a transparent assessment of each scenario's embodied carbon 
impact. Scenarios 5 and 6, which represent the new build schemes, display a considerable 
embodied carbon footprint, due to the impacts of materials for construction at stages A1-A3. 
The most substantial carbon contributions across all life cycle stages for all scenarios occur 
in modules B4-B5 for the replacement of materials followed by the carbon footprint of materials 
for scenarios 2 to 6 in modules A1-A3 underscoring the high GWP commonly associated with 
new constructions.  

Figure 5. Breakdown of 60-year embodied carbon kgCO2e/m2 (Area in GIA) across life 
cycle stages 

The staggered results of 60-year embodied carbon of different scenarios are compared 
against the RIBA 2030 benchmark of below 625 kgCO2e/m2 (29) in Figure 6. The graph 
reveals that scenarios 1 through 4 maintain a carbon footprint below the target, with scenario 
1 (the existing building) exhibiting the most favourable outcome at 239 kgCO2e/m2. In stark 
contrast and expectedly, scenarios 5 and 6 with results soaring to 830 and 833 kgCO2e/m2, 
respectively, fail to meet the target, highlighting the significantly higher GWP of new build 
scenarios. The analysis evidently demonstrates the advantage of retrofitting over new builds 
from a carbon footprint perspective. The embodied carbon associated with material 
replacement, as well as the initial material and construction phases, are critical considerations 
that contribute to the overall lifecycle emissions. However, in interpreting the Whole Life 

Embodied Carbon results, it needs to be noted that the new build scenarios explored in this 
study have focused mostly on typical building materials in the industry and described in the 
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planning documents of the previously approved new build scenario and have not explored 
new build scenarios with lower embodied carbon properties. 

3.1.3. Whole Life Carbon 
To compare the overall WLCA results of all scenarios, the normalised operational energy 
kWh/m2 results have been converted to operational carbon, using the carbon emission 
conversion factor proposed by SAP (30), indicating the B6 module of life cycle stages for 
operational energy (4). The converted results for stage B6 in kgCO2e/m2 have been calculated 
for 60 years and added to the results of the other life cycle stages. Figure 7 illustrates the 
staggered results of WLCA for all scenarios stratified across various lifecycle stages.  

 

Figure 7. Overall normalised GWP (kgCO2e/m2) for 60 years through different lifecycle stages 
for scenarios 1 to 6 

As the WLCA illustrate, scenario 1, exhibits an extraordinarily high carbon footprint, primarily 
driven by the energy use of the scenario, module B6. Although this scenario expectedly had 
the lowest embodied carbon impact, as illustrated in Figure 6, the high heating demand of the 
current buildings and the need for fossil-fuelled heating and DWH overrides the low embodied 
impact of the existing scenario without any interventions. The results demonstrate that 
scenario 2, the scheme with the lowest intervention to the existing scenario to meet the 
legislative building regulations (25), has a lower GWP than the previously approved scenario 
(5). Expectedly scenario 5 ranks second for the overall impacts, due to the high embodied and 
operational impact. Although the improved scenario 6 has the lowest operational energy 
performance, the embodied carbon emissions from the extraction, manufacturing, and 
transportation of raw materials make the overall performance of this scenario only marginally 
better than the fossil-fuelled scenario 2. The improvements in the operational energy efficiency 
of scenarios 3 and 4 for moderate retrofit and the low embodied impact of these schemes 
significantly mitigate the overall carbon footprint of these schemes to make them the most 
suitable scenarios for meeting the net zero targets holistically. It can be understood that 
operational carbon can account for 22% (scenario 6) to 89% (scenario 1) or the overall GWP 
of the studied regeneration scenarios. This is an important finding to debate demolition and 
redevelopment of housing estates due to their poor energy performances, as the proportion 
of operational carbon to total emissions for the two new build scenarios varies between 22% 
(scenario 6) and 44% (scenario 5). This ratio for moderate retrofit schemes varies between 
38% (scenario 5) and 50% (scenario 3). In discussing the findings of the WLCA, it needs to 
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be noted that the scenario specification for retrofit scenarios 3 and 4 used the moderate 
specifications suggested and case studied by LETI (26) , and not the deepest retrofit 
guidelines, to allow for the limitations and potential technical difficulties in decarbonising the 
existing buildings.  

3.2. Impact Evaluation Results 

Results of the online evaluation poll found that 88 percent of the 17 participants believed that 
learning about the carbon footprint of materials and renewables impacted the participants’ 
decision making for their selection options. 

The findings of the workshop evaluation survey in which 21 participants from different 
stakeholder groups of the project took part are presented in Figure 8. As these results 
illustrate, learning about the WLCA results had a considerable impact on the participants' 
decision making over their choices.  

Figure 8. Workshop Evaluation Results on the impact of finding out about the WLCA 
results on the stakeholders’ decision making for regeneration scenarios 

4. Discussion 

Decisions made at the early stages of the design can have considerable impacts on the cost 
and performance of buildings (31). As the TM61 document (31) presents, decisions over 
different metrics such as materials, building systems, and renewables should be made at early 
stages of the design projects.  

In addition to alternatives to carbon-intensive building specifications, an equitable transition is 
required to support the stakeholders, especially low-income families with retrofitting their 
energy-intensive homes (32). Including the communities in all aspects of the regeneration of 
their estates is not only needed for a just approach (9) but is also a legislative measure in the 
UK (16). 

The findings of the WLCA of this paper articulate the multifaceted nature of carbon accounting 
in building projects, emphasising the need for holistic approaches that address each lifecycle 
stage to minimise the overall carbon footprint. Reflecting on the benefits of carbon-efficient 
strategies, the results accentuate the effectiveness of incorporating sustainable materials and 
practices throughout the building's lifecycle to meet stringent carbon reduction targets and 
advance towards net-zero ambitions. 
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The results from the WLCA also solidify the argument that when it comes to the regeneration 
of housing estates, retrofit scenarios can surpass new builds in terms of GWP. The data 
presents a compelling case for the carbon emission savings offered by refurbishment 
scenarios, with energy consumption and whole life carbon figures substantiating significant 
reductions. Despite these anticipated outcomes, predicated on the modelling assumptions for 
each scenario, it is notable that scenarios 2 to 4—which advocate for retrofitting—are seldom 
included in practical studies, often overshadowing the potential for achieving lower GWP 
impacts. 

Critically, the new build scenario, scenario 5, was less energy-efficient in its HVAC system 
compared to scenario 4. Yet, it's imperative to acknowledge that the specifications for scenario 
5 were derived from the planning application information, whereas those of scenario 4 
conformed to LETI (26) guidance for a moderate retrofit, falling short of the more demanding 
deep retrofit standards. The findings of WLCA of scenario 6 prove that the overall impacts of 
a fossil-fuel-free new build scenario would remain elevated due to the inherent high embodied 
carbon of new build projects. This revelation calls into question the adequacy of current 
legislative frameworks, as the WLCA outcomes for scenarios 2 and 5, following legislation for 
retrofitting and new build elucidate. 

While the GWP impacts are complex and often not fully grasped by communities due to the 
specialist nature of WLCA studies, this research has unveiled the interest amongst community 
members in understanding the assessment methodology and integrating its insights into their 
decisions. The feedback from the evaluation surveys underscores how knowledge of different 
building systems and the carbon footprint of various materials and regeneration scenarios 
profoundly influence the stakeholders' decision-making processes.  

Given the urgency of meeting net zero targets, the reduction of carbon offsetting becomes a 
salient point. This study illustrates that retrofit scenarios not only contribute to a reduction in 
direct emissions but also reduce the reliance on carbon offsetting, which is a critical 
component in the broader strategy to achieve net zero (32). Although it has been 
recommended to offset the remaining carbon emissions to meet net zero through recognised 
schemes (34), offsetting should not be considered before prioritising retrofitting, where the 
necessity for drastic offsets is diminished, fostering a more sustainable and direct path to net 
zero. 

As the industry moves towards decarbonising the materials and the supply chain, we may 
reach a point where the gap between the overall WLCA for new build and retrofit scenarios is 
reduced. However, it still remains necessary to conduct WLCA for each regeneration study 
and to discuss the overall WLCA and other important environmental and socioeconomic 
impacts of different regeneration scenarios with the communities to lower the overall negative 
impacts of different scenarios. While this research has mostly focused on working with the 
communities for exploring WLCA of different regeneration scenarios, priorities of different 
stakeholder groups and different impacts of regeneration on communities and other 
stakeholders should be explored for a holistic comparison of different regeneration scenarios.   

 

5. Conclusion 

This study reinforces the potential superiority of retrofitting over new builds, where a 
holistic strategy towards GWP and meeting the net zero target is implemented. This serves 
as a clear call for the inclusion of retrofit options in the analysis of diverse regeneration and 
redevelopment scenarios. The study’s outcomes also highlight the pivotal role of stakeholder 
engagement in comprehending the GWP impacts of materials and systems, influencing the 
participatory development and evaluation of regeneration scenarios. This holistic approach is 
paramount to devising strategies that not only minimise carbon footprints but also align with 
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net zero ambitions, thereby ensuring environmentally and socially responsible estate 
regeneration.  

We note the limitations of this study as not including sequestered carbon and benefits from 
Module D in the system boundary for WLCA. In addition, the study has not explored further 
scenarios with different low carbon materials for reducing the embodied carbon footprint of 
different schemes. As  GWP is not the only metric of sustainability (35) , we recommend for 
future research to further explore the impact of low-embodied materials on new build scenarios 
and consider a broader range of environmental impacts for LCA. Furthermore, financial factors 
as key performance metrics for clients, overshadowing the wider impacts of the schemes, and 
social indicators are considerable factors in decision making which should be studied 
alongside other metrics. 

 

6. References  

1.  Climate Assembly UK. The path to net zero Climate Assembly UK Full Report. 2020; 
Available from: file:///Volumes/750G/%23 setting/%23 Papers2 
Library/Papers2/Files/pathtonetzerocourt2 - Wei 
Zhi.pdf%5Cnpapers2://publication/uuid/8AA56729-9F2D-4363-922E-7FF5050B13A4 

2.  UKGBC. Net Zero Carbon Buildings: A Framework Definition. 2019;(April). Available 
from: https://www.ukgbc.org/ukgbc-work/net-zero-carbon-buildings-a-framework-
definition/ 

3.  Larsen VG, Tollin N, Sattrup PA, Birkved M, Holmboe T. What are the challenges in 
assessing circular economy for the built environment? A literature review on 
integrating LCA, LCC and S-LCA in life cycle sustainability assessment, LCSA. J 
Build Eng [Internet]. 2022;50(November 2021):104203. Available from: 
https://doi.org/10.1016/j.jobe.2022.104203 

4.  European Committee for Standardization. UNE-EN 15978:2011 Sustainability of 
construction works - Assessment of environmental performance of buildings - 
Calculation method. Int Stand. 2011;  

5.  Schlegl F, Honold C, Leistner S, Albrecht S, Roth D, Haase W, et al. Integration of 
LCA in the planning phases of adaptive buildings. Sustain. 2019;11(16):1–24.  

6.  Sturgis S. Embodied and whole life carbon assessment for architects. 2017;20. 
Available from: https://www.architecture.com/-/media/gathercontent/whole-life-carbon-
assessment-for-architects/additional-
documents/11241wholelifecarbonguidancev7pdf.pdf 

7.  Sauer AS, Calmon JL. Life-cycle assessment applied to buildings: gaps in knowledge. 
Int J Environ Stud [Internet]. 2020;77(5):767–85. Available from: 
https://doi.org/10.1080/00207233.2019.1704036 

8.  UK Green Building Council. Net Zero Whole Life Carbon Roadmap: Stakeholder 
Action Plans. 2021;(November):1–21. Available from: https://www.ukgbc.org/wp-
content/uploads/2021/11/UKGBC-Whole-Life-Carbon-Roadmap-Stakeholder-Action-
Plans.pdf 

9.  Romsdahl RJ. Deliberative framing: opening up discussions for local-level public 
engagement on climate change. Clim Change. 2020;162(2):145–63.  



CIBSE Technical Symposium, UK April 2024 

 12 

10.  O’Beirne P, Battersby F, Mallett A, Aczel M, Makuch K, Workman M, et al. The UK 
net-zero target: Insights into procedural justice for greenhouse gas removal. Environ 
Sci Policy [Internet]. 2020;112(June):264–74. Available from: 
https://doi.org/10.1016/j.envsci.2020.06.013 

11.  Kimpian J, Cripps A, Paterson G, Bull J. The role of crowd-sourced data in improving 
the accuracy of energy use forecasts. 2016;54(April):1–16.  

12.  Vuarnoz D, Hoxha E, Nembrini J, Jusselme T, Cozza S. Assessing the gap between a 
normative and a reality-based model of building LCA. J Build Eng [Internet]. 
2020;31:101454. Available from: https://doi.org/10.1016/j.jobe.2020.101454 

13.  Heaslip M, McCann D. Resilient Domestic Retrofit , Producing Real World 
Performance. In 2017.  

14.  Hu M. Building impact assessment—A combined life cycle assessment and multi-
criteria decision analysis framework. Resour Conserv Recycl [Internet]. 
2019;150(August):104410. Available from: 
https://doi.org/10.1016/j.resconrec.2019.104410 

15.  Bell S, Johnson C, Borrion A, Austen K, Matsushita J, Comber R, et al. Engineering 
Comes Home : Co-designing nexus infrastructure from the bottom-up. In 2017. p. 1–9.  

16.  Sayce S, Farren-Bradley J. Educating built environment professionals for stakeholder 
engagement. In: Sustainable Communities : Skills and Learning for Place Making. 
University of Hertfordshire Press; 2011.  

17.  Sendra P, Short M, Fitzpatrick D, Livingstone N, Manzini Ceinar I, Nava S, et al. Co-
designing neighbourhoods with communities in a blended environment: digital and 
face-to-face knowledge exchange [Internet]. 2021. Available from: 
https://reflect.ucl.ac.uk/community-led-regeneration/civic-design-exchange/projects-
and-collaborations/peoples-plan-of-alton-estate/ 

18.  Nava S, Chalabi Z, Bell S, Burman E. A Community-based Whole Lifecycle Carbon 
Assessment: Case Study of a London Estate Community Plan. In: Journal of Physics: 
Conference Series 2600 152020 [Internet]. IOP Publishing; 2023. Available from: 
https://iopscience.iop.org/article/10.1088/1742-6596/2600/15/152020/pdf 

19.  LETI. LETI Climate Emergency Design Guide How new buildings can meet UK 
climate change targets. 2018; Available from: https://b80d7a04-1c28-45e2-b904-
e0715cface93.filesusr.com/ugd/252d09_3b0f2acf2bb24c019f5ed9173fc5d9f4.pdf 

20.  RICS. Whole life carbon assessment for the built environment: RICS professional 
statement, UK. 2017;41.  

21.  Autodesk Revit [Internet]. [cited 2023 Apr 21]. Available from: 
https://www.autodesk.co.uk/products/revit/ 

22.  DesignBuilder [Internet]. [cited 2023 Apr 21]. Available from: 
https://designbuilder.co.uk/ 

23.  Energy Plus [Internet]. [cited 2023 Nov 21]. Available from: https://energyplus.net/ 

24.  One Click LCA [Internet]. [cited 2023 Sep 21]. Available from: https://oneclicklca.com/ 



CIBSE Technical Symposium, UK April 2024 

 13 

25.  HM Government. APPROVED DOCUMENT L1B Conservation of fuel and power in 
existing dwellings. England; 2018.  

26.  LETI. LETI Climate Emergency Retrofit Guide. How Exist homes can be Adapt to 
meet UK Clim targets [Internet]. 2021;208. Available from: 
https://www.leti.london/retrofit 

27.  The revised planning proposal for the regeneration of the Alton Estate, SW15 
(reference 2019/2516) [Internet]. Wandsworth Council. 2019 [cited 2023 Feb 1]. 
Available from: https://www.wandsworth.gov.uk/planning-and-building-
control/planning-consultations-and-
developments/revised_planning_proposal_regeneration_alton_estate/ 

28.  Zoom [Internet]. Zoom Video Communications. 2023 [cited 2023 Dec 8]. Available 
from: https://zoom.us/ 

29.  RIBA. RIBA 2030 Climate Challenge - version 2. 2021;2:1–10. Available from: 
www.architecture.com/2030challenge 

30.  BRE. SAP 10 Technical Paper. 2020;1:1–46. Available from: 
https://files.bregroup.com/sap/S10TP-15_-
_CO2_and_Primary_Energy_factors_for_SAP_v1_1_10_1.pdf 

31.  CIBSE. Operational performance of buildings TM61. 2020.  

32.  Gambhir A, Green F, Pearson P. Towards a just and equitable low-carbon energy 
transition. Grantham Inst. 2018;(26):1–18.  

33.  Sturgis S. Targeting Zero: Embodied and Whole Life Carbon Explained. 2017;138. 
Available from: www.ribaenterprises.com 

34.  RIBA. RIBA Sustainable Outcomes Guide. RIBA. 2019.  

35.  Klopffer W, Grahl B. Life Cycle Assessment (LCA). Weinheim: Wiley-VCH; 2014.  

 

 

7. Acknowledgements   

This research is funded by Engineering and Physical Sciences Research Council (EPSRC) – 
Grant Reference EP/N509577/1 and EP/T517793/1  

The community plan (People’s Plan) of Alton Estate has been developed collaboratively with 
a team of UCL researchers (17) – Pablo Sendra as the principal researcher, and Sahar Nava 
as one of the researchers – in partnership with Alton Action and Just Space and the community 
of Alton Estate, funded by the Knowledge Exchange Innovation fund, Higher Education 
Innovation Fund (Research England), managed by UCL Innovation & Enterprise. 

We would like to thank all our participants from the Alton Estate community, and Alton Action 
group who have generously taken the time and energy to take part in our research. 

 


