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0 Introduction 
 
According to the Green Construction Board, the built environment sector is currently responsible 
for 35-40% of the UK’s total greenhouse gas (GHG) emissions (Sturgis, 2017) and for over 30% of 
global emissions (IPCC, 2014; Huovila et al., 2009). GHG’s are used and produced throughout a building’s 
lifespan, and for analysis purposes are often categorised as construction, operation, and end-of-life 
emissions. The UK’s Approved Document L works to guide the reduction of operational emissions; 
however, operational CO2e is typically responsible for only 20% of a building’s emissions. The more 
impactful, and relatively unregulated construction process is often responsible for circa 50% of a 
buildings GHG emissions (Sturgis and Papakosta, 2017), and accordingly should take more precedent in 
sustainable design and regulation. In addition to quantifying the emissions associated with the 
construction and operational phases of a building, the end-of-life stage should be considered as 
there are GHG emissions associated with the transportation, recycling, and disposal of building 
materials.  
 
 

 
Figure 1. Key statistics relevant to the built environment and climate change mitigation 
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1 Case for Replacement 
 
The existing dwelling is piecemeal in design, comprising of a ground and lower ground floor. All 
constructed off an un-insulated and cracked concrete slab, unfit for purpose with heavy rain inciting 
water rising into the utility. The superstructure is timber, with poorly performing, un-insulated timber 
clad walls. The inadequate detailing, lack of insulation and poor airtightness all contribute to a 
poorly performing dwelling.  
 
Refurbishment of the existing building has been considered to increase the energy performance 
in accordance with Approved Document L.  
 

 
Figure 2. Limiting U-values for existing elements in existing dwellings 

 
 
The above table states the required U-values for the improvement of an existing dwelling, and 
while these are achievable, limitations begin to arise due to the existing provisions and 
construction as explored below.  
 
Polymer based insulations could be used between the internal studwork; however, the existing 
studwork is limited in depth, making achieving contemporary U-Value requirements impractical. 
To achieve contemporary standards, the internal studs to be extended, in principle, this would 
result in an entirely new wall. 
 
External insulation could be considered, but to maintain breathability a lower performant, 
breathable insulation will be required, taking up significant space. Retro-fitting external insulation 
will also result in a non-continuous thermal envelope, causing unwanted loss of heat. 
 
Another major loss in thermal performance is often due to poor air-tightness, an incredibly hard 
element to tackle in a retro-fit. Therefore, any insulation improvements not only come with their 
own limitations as compared to a new dwelling, but unwanted thermal loss will be inevitable. 
 
The water in the existing house is heated by electric heater with the primary heating in the house 
being a ducted log burning stove in the living room. This arrangement causes the additional use 
of inefficient electric space heaters in the bathroom, along with an electric towel rail year-round, 
with free standing electrical radiators being utilised during winter.  
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Domestic heating in existing buildings usually accounts for 64% of total the primary energy 
demand, however the need to use electric appliances to provide additional heat sources 
significantly increases this figure. 
 
Therefore, the decision has been made to design a new sustainable building with U-values 
exceeding current regulations, thermal bridge free detailing and improved airtightness. 
 
 
2 Proposal 
 
2.1 Lifetime Carbon Analysis Methodology 
 
2.1.1 Databases Suitable for Application to UK buildings Produce a Building LCA 
 
- the Inventory of Carbon and Energy (ICE) database (Circular Ecology, 2019), 
-  the Green Guide (BRE Group, 2019)  
 - BRE Global Methodology for The Environmental Assessment Of Buildings Using EN 15978:2011 
- WRAP Embodied Carbon database (WRAP, 2019a; WRAP, 2019b)  
 - BS EN 15978:2011 Sustainability of construction works – Assessment of environmental 
performance of buildings – Calculation method 
 - BS EN 15804:2012+A1:2013 Sustainability of construction works – Environmental product 
declarations – Core rules for the product category of construction products 
 - EN 15203 Energy performance of buildings – Overall energy use, CO2 emissions and definition 
of energy ratings 
 - CIBSE Guide M. Maintenance engineering and management 
 - CIBSE TM54: 2022 Evaluating operational energy use at the design stage 
 - IStructE A brief guide to calculating embodied carbon 
 - NRM3: Order of cost estimating and cost planning for building maintenance works 
 - RICS guidance note 2nd edition October 2021 
 - PHPP Passive House Planning Package Version 9.6a 
 
These databases/tools were reviewed against the following criteria: source (where the data was 
extracted from), scope (how many materials are included), accessibility (ease of use), and update 
frequency (how often the data is updated to make sure it is accurate).  
 
The life cycle analysis was conducted of the below elements through stages A1-C4 in accordance 
with RICS guidance: 
 
 

Demolition and Enabling Works 
 

Substructure 
  Foundations 
 

Superstructure 
  Floors 
  Roof 
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  External Walls 
  Internal Walls 
  External Fenestration 
  Finishes, Wall, Floor Ceiling (accounted in relevant element) 
 

Fittings, furnishings, and equipment (FF&E)  
 

Building Services/MEP 
 

Sequestered Carbon 
 
 
The data was sourced primarily from manufacturer specific EPD’s, and where relevant an extensive 
literature review carried out by the developers of ICE.  
 
2.1.2 Reference Study Period (RSP)  
 
RSP is based on the principles outlined in EN 15978:2011 and accounts for 60 years for domestic 
projects (BREEAM 2014 New Construction – Mat 01 Life cycle impacts; LEED v.4). 
 
2.1.3 Life Cycle Stages 
 
Whole life embodied carbon calculations involve considering all life cycle stages of a project, from 
raw material extraction, product manufacturing, transport, and installation on site through to the 
operation, maintenance, and eventual material disposal. This section refers to EN 15978; 7.4. It also 
considers the separately reported future potential for recovery, reuse and/or recycling. EN 15978 
introduces a modular approach to a built asset’s life cycle, breaking it down into different stages. 
Module D (Reuse, recycling etc.) are reported separately to modules A-C, and as they are 
independent values, module D is optional, with A-C representing a cradle to grave analysis.  
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Figure 3. Life cycle stages (RICS, Whole Life Carbon Assessment for the Built Environment, 2024) 
 
Whole life carbon, reported as kilograms of carbon equivalent per m2 of gross internal area 
(kgCO2e/m2), includes stages [A], [B] & [C]; with module [D] and Sequestration to be reported 
separately. 
 
Embodied carbon was calculated for each construction element, with the total divided by the 
project GIA 288m2. 
 
Due to the project currently being in an early design phase, EPD data was used for the primary 
fabric, but some assumptions regarding the more detailed elements such as M&E, fit out etc. had 
to be made in accordance with RICS guidance for residential dwellings to achieve an accurate 
result.  
 

 
Figure 4. Total	whole	life	carbon	emissions	break	down	for	different	types	of	buildings	
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2.2 Lifetime Carbon Analysis 
 
2.2.1 Enabling deconstruction and demolition 
 
This section refers to EN 15978; 7.4.5.2 and 8.7.2. Deconstruction should cover all site-based 
activities required to dismantle, deconstruct and/or demolish the built asset being assessed. The 
carbon emissions arising from any on or off-site deconstruction and demolition activities, 
including any energy consumption for site accommodation and plant use, must be considered in 
[A5.1]. As per RICS guidance (P.81) an average rate of 35 kgCO2e/m2 GIA is to be used in the 
absence of more specific information.  
 
Demolition of the existing building:  
 
Existing building GIA=101.45m2 
 
35 kgCO2e/m2 x 101.45m2 = 3551 kgCO2e 
 
2.2.2 Substructure  
 

 
 

Figure 5. Embodied carbon in foundations. 
 
2.2.3 Superstructure 

 

 
Figure 6. Embodied carbon in floor construction (Ground floor and First floor) 
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Figure 7. Embodied carbon in external walls 

 

 
Figure 8. Embodied carbon in internal walls 

 

 
Figure 9. Embodied carbon in roof 

 

 
Figure 10. Embodied carbon in windows 

 

 
Figure 11. Calculation of life cycle carbon for stages A1-C4 
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2.2.4 Sequestered carbon 
 
Sequestration is the process by which CO2e is removed from the atmosphere and stored within 
bio-based materials such as timber, providing a negative kgCO2e in the Whole Life Carbon 
Analysis; however, as to not mask any positive kgCO2e elements, sequestered carbon is reported 
separately, and shown in purple. 
 
The timber construction of the proposal, paired with sustainable practices and carbon negative 
bricks result in 45,020 kgCO2e of sequestered greenhouse gases, or 156.3 kg/CO2e/m2. 
 
Over upfront embodied carbon (modules A1-5) the proposal uses 388 kgCO2e/m2, below the 
RIBA 2030 target. 
 
For modules A1-C4 the building uses 440 kgCO2e/m2, below both the RIBA and LETI 2030 
target. 
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3 PHPP Energy Efficiency and Thermal Performance 
 
3.1 U-Values 
 

 
Figure 12. U-values of constructions calculated in PHPP 
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3.2 PHPP Energy Efficiency Analysis 

The proposed building performance has been assessed through PHPP, used to assess the 
Passive house performance as per table 3, section 7.1 Step 0: Choosing the modelling approach 
of CIBSE TM:2022. Evaluating operational energy use at the design stage. 
 

Figure 13. Climate data according to PHPP climate zones 
 

 
 Figure 14. Areas of the proposed building specifying construction and orientation 
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Figure 15. Heat losses and solar gains	

 
Figure 8=16. Solar radiation through the windows 

 
Figure 17. Balance of heat losses and solar gains through the windows 
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Figure 18. Energy balance for the new building 

 

The PHPP calculations show the improved form factor, air tightness, orientation and materiality of 

the dwelling reduce the operational energy to 19 kWh/m2, far below the national new build 

average of 82.23kWh/m2, and the existing dwelling average of 223kWh/m2 (Home Builders Federation, 

2023). The Passivhaus Trust set the highest Passivhaus standard at 15kWh/m2, just 4kWh/m2 below 

our proposal. 
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A new building with net zero operational carbon does not burn fossil fuels and is 100% powered 

by renewable energy and achieves a level of energy performance in-use in line with our national 

climate change targets. This means that an operational carbon balance is met, see Figure 19. 

 

Figure 19. Net zero operational balance – at the building scale 
 
 
The proposed scheme uses 19kWh/m2/yr for space heating over the 288m2 GIA, totalling an 
expected energy usage per annum of 5472kWh/yr. Further to this, The Passive House Institute state 
the combined energy usage for all domestic applications, heating and other, must not exceed 30 
kWh/m2/yr (8640kWh/yr) as calculated via the PER method.  
 
To achieve the PHI and local energy targets of 30kWh/m2/yr the proposal will utilise the elements 
highlighted in the PHPP analysis along with an MVHR and ASHP unit. This total energy cost of the 
dwelling can be generated onsite with the use of photovoltaic panels as outlined below. 
 

30kWh/m2/yr over 288m2 GIA results in a total dwelling energy requirement of 8640kWh per year. 
Where one photovoltaic panel generates on average 1.44 kWh output per day, equating to circa 
525.6 kWh per year. 

These calculations show to meet the 8640kWh yearly demand a total of 17 PV panels will be 
required. More specific calculations by energy specialists could be used in the technical design 
stage to ensure the PV array is suitable.  

The proposal currently exceeds the 17PV requirement with a proposed 28 PV panels, generating 
an estimated 14,716kWh/yr.  
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4 Conclusion 

Whole life carbon is formed of two key components Operational Carbon + Embodied Carbon 

 

Operational Carbon: A new building with net zero operational carbon does not burn fossil 

fuels, is 100% powered by renewable energy, and achieves a level of energy performance in-use 

in line with our national climate change targets.  

 

Embodied Carbon: Best Practice targets for embodied carbon are met, and the building is 

made from re-used materials and can be disassembled at its end of life in accordance with 

circular economy principles. 

Due to the operational energy demands of the dwelling being met by the PV’s, while providing 

significant excess, the operational carbon of the dwelling is considered to be Net Zero. 

 

The Embodied carbon of the dwelling for 60 years, including repairs, the eventual demolition, 

disposal and recycling of the dwelling come to 304 kgCO2e/m2, less than 1/3 of the national 

average, and far above the RIBA and LETI 2030 target. The upfront cost of the dwelling (A1-A5) 

also comfortably exceeds the RIBA and LETI 2030 target of 234 kgCO2e/m2. Therefore, we view 

this building as be incredibly sustainable for both for the present day and future use. 

 

 
Figure 20. Achieved lifetime carbon analysis 


