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Executive summary 
Key messages from this analysis of the One Brighton’s life cycle embodied and operational greenhouse gas 
emissions: 

• One Brighton significantly reduces lifetime greenhouse gas emissions compared to the average UK 
home, by 60%. 

• In existing homes, the total lifecycle emissions are dominated by operational emissions which 
occur while the house is occupied. In One Brighton, the embodied carbon makes up a much larger 
part of the total emissions – even though this is lower than in conventional housing.  

• One Brighton’s current emissions performance is not yet achieving design targets. The gap is mainly 
because of the intermittent availability of the wood-pellet (biomass) burning boiler which supplies 
space heating and hot water. This has met approximately 30% of building’s heat and hot water 
demand, the remainder being supplied by natural gas. 

• If BioRegional’s target of meeting nine tenths of the building’s heat demand from biomass is 
achieved, One Brighton’s lifecycle carbon savings would be 78% lower than the average UK homes. 
This would be in line with achieving (near) Zero Carbon operational emissions  by 2020, which is the 
target set for One Planet Communities. 

One Brighton is a pioneering, primarily residential development of 172 apartments in two adjacent blocks 
near the centre of Brighton completed and occupied in 2010. It was planned and built by Crest Nicholson 
BioRegional Quintain as a One Planet Community using a sustainability action plan aligned with 
BioRegional’s ten One Planet Principles. One of the plan’s targets is to radically reduce greenhouse gas 
emissions (GHGs). 

A Life Cycle Assessment (LCA) carried out by eTool with BioRegional and multidisciplinary design 
consultancy HTA, supported by One Brighton’s designers FCBS, has provided a credible “ballpark” estimate 
of the development’s cradle to grave emissions, both embodied and operational. 

It also includes an estimate of the lifecycle emissions of typical UK housing enabling comparisons to be 
made in terms of kilograms of carbon dioxide equivalent per occupant per year (kg CO2e/occ/yr) 

One Brighton’s embodied emissions 

This LCA itemised and assessed greenhouse gas impacts associated with more than 600 building 
components, themselves made up of a variety of raw materials. 

It took into account the emissions arising from the extraction of raw materials, processing and 
manufacturing of components, bringing them to site and constructing the building, then maintaining it 
through its estimated life of 100 years before dismantling One Brighton. The analysis also accounted for the 
fact that some components – such as plasterboard walls, carpeting and underlay – would be replaced one 
or more times during the life of the building. 
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Components that are replaced during the life of the building represent a large part of One Brighton’s total 
embodied emissions. This could be reduced if lower carbon materials were used when replacements were 
being made, or if replacement intervals were stretched. The single biggest contributor to embodied 
emissions in One Brighton is concrete, even though a relatively low carbon concrete was used. 

 

One Brighton’s operational emissions, ‘as designed’ and ‘as built’ 

Heat for space heating and hot water in One Brighton is supplied by the development’s wood pellet-
burning boiler or a gas-fired back up. The LCA covered this, and included an estimate of the carbon 
footprint of the water used by residents. Mains water supplied to the building consumes significant 
amounts of fossil fuel-derived energy in being treated and pumped to the building, and then in being 
processed as wastewater. 

One of One Brighton’s carbon-saving features is a 9.6 kilowatt peak output array of rooftop PV panels 
which supplies a small percentage of the development’s electricity demand. Remaining electricity is 
supplied by One Brighton’s own energy services company purchasing power from a renewable energy 
supplier, all of it backed by Renewable Energy Guarantee of Origin (REGO) certificates. 

This LCA developed an estimate of One Brighton’s ‘as designed’ operational emissions, using the standard 
SAP methodology to model its electricity, gas and biomass consumption for heating, hot water and lighting. 
An estimate of the electricity consumption associated with cooking, appliances and home electronics was 
then added, plus an estimate of the emissions associated with supplying water and then treating waste 
water. 

Total ‘as designed’ operational emissions were estimated at 188 kg CO2e/occ/year. Then, using a year’s 
worth of data (calendar year 2012) for the building’s actual electricity, gas and wood pellet consumption, 
an estimate was made of the building’s ‘as built’ operational emissions. 
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These ‘as built’ operational emissions were put at 812 kg CO2e/occ/year, significantly higher than ‘as 
designed’ emissions but much lower than the UK average (see below). This performance gap is mainly due 
to the fact that only one third of the building’s heating and hot water was supplied by wood pellets 
(biomass) during 2012 (and 2013), with natural gas supplying the rest. 

However, the ‘as designed’ estimate was based on the biomass boiler meeting 90% of heating demand, 
which is BioRegional’s 2020 target for this One Planet Community. When this target is hit then, on a like-
for-like basis, ‘as built’ operational emissions should fall to 264 kg CO2e/occ/year radically shrinking the 
performance gap. 

One Brighton’s total lifecycle emissions 

Combining the estimate of One Brighton’s embodied emissions with its ‘as built’ operational emissions 
gives a figure for total lifecycle emissions of 1,194 kg CO2e/occ/yr. This would almost halve to 645 kg 
CO2e/occ/year if the target of heating the building using 90% biomass and 10% natural gas is achieved. This 
compares with total UK per capita CO2e emissions of 9,122 kg/yr in 20 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison against a benchmark 

One Brighton’s low carbon performance can be assessed by comparing it to the life cycle emissions of more 
conventional housing. This LCA modelled the total emissions (embodied and operational) of the average UK 
home, taken across the entire housing stock. 

For operational emissions, detailed figures for housing’s energy consumption were taken from official UK 
energy statistics for 2011. An estimate for emissions associated with water supply and wastewater 
treatment were added, taking total operational emissions for this UK housing stock benchmark to 2,436 kg 
CO2e/occ/year. 

For the benchmark’s embodied emissions, the approach was to model these for a typical new apartment, 
terraced home, semi-detached and detached house being built in the UK in the first decade of the 21st 
century. These four figures were then combined into a single figure based on the share of these different 
types of housing among all new build homes. This benchmark has been assumed to last 70 years. 
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The benchmark’s embodied emissions were 512kg CO2e/occ/year, 36% higher than One Brighton’s 
embodied emissions. Combining this with the benchmark’s operational emissions figure gives a total of 
2,948 kg CO2e/occ/year,  

This suggests that over its lifetime, One Brighton is achieving a 60% reduction in greenhouse gas 
emissions compared to the average UK home. If the target of using 90% biomass and only 10% natural 
gas to heat the building is achieved, these savings will grow to 78%. 

The analysis also demonstrated that using a near zero carbon electricity supply backed by REGO certificates 
makes an important contribution to One Brighton’s low carbon performance. If we assume that the 
electricity it uses has the standard emissions factor for the UK grid (as demanded by the PAS2050 reporting 
convention) instead of being near zero carbon then One Brighton’s lifecycle emissions would almost double 
to 2,286 kg CO2e/occ/year. 

Even so, this is still 22% less than the emissions figure for the UK housing stock benchmark – and 41% less if 
the 90% biomass target for heating is achieved. 
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Context 
The concept of living within the planet’s means, as espoused by BioRegional, is a challenge that humanity 
must rise to. Our planet has an incredible ability to deal with change, whether that is meteorological 
climate change measured out over millennia or human pollution accrued in a few generations. The burning 
question is just how much pollution, resource depletion and biodiversity loss, within what time scale, the 
planet can absorb without catastrophic shifts in equilibria. In 2002 Wackernagel et al argued that humanity 
had already surpassed its sustainable level of consumption and pollution as long ago as 1980. Arguably the 
estimate of impacts is understated in this paper due to a number of factors including (but not limited to): 

• Assuming that the ocean can continue to absorb 35% of CO2e released into the atmosphere 
• Not accounting for impacts associated with land use change (productivity shifts) due to climate 

change 
• Not accounting for impacts associated with land use change (productivity shifts) due to other forms 

of pollution 

Prioritising environmental protection 
Ranking and weighting environmental damage in order to prioritise action is a difficult task. Wackernagel et 
al. found that fossil fuel combustion accounted for nearly 50% of the estimated aggregated impacts in 1999 
based on the assumed land use required to re-sequester the greenhouse gas emissions released through 
the burning of fossil fuels. Growing crops (22.7%) and timber harvesting (12.4%) ranked next. This report 
examines the greenhouse gas emissions associated with the entire life of one new, commercially viable, 
exemplar low carbon building  

Buildings’ contribution to greenhouse gas pollution 
Greenhouse gas pollution is a complex issue and many seemingly contradictory statistics are published 
regarding the relative contribution of different industries.  

Figure 1  is taken directly from Baumert et al, Navigating the Numbers, 2005, and details the sources and 
demand categories of major greenhouse gas inventories globally. According to this analysis, emissions 
related to energy - which gains most of the attention during climate change discussions - accounts for 
61.4% of total global warming potential. Land use changes (18.2%), agriculture (13.5%), waste (3.6%) and 
industrial processes (3.4%) make up the difference.  
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Figure 1: Greenhouse Gas Flow Diagram from Baumert et al., 2005 
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There are a number of studies that highlight the impact of buildings in greenhouse gas pollution. Figure 1 
suggests that directly buildings (and the use of various appliances within them) account for: 

• 15.3% of total greenhouse gas emissions 
• 19.9% of CO2 emissions 
• 24.9% of energy related greenhouse gas emissions (fossil fuel consumption) 

There are number of indirect emissions that are not accounted for in these figures including embodied 
emissions of the buildings and the upstream emissions of the direct energy use including distribution and 
transmission losses and fugitive emissions. By making some broad assumptions regarding the allocation of 
industry, transport and fugitive emissions, one can estimate the electricity and gas consumption associated 
with a building’s construction and operation. If emissions associated with the construction of buildings are 
included in the analysis, then approximately 26% of total anthropogenic greenhouse gas emissions can be 
attributed to buildings. They clearly play a large role in managing the demand for carbon intensive energy, 
materials, transport and waste processes. 
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Life cycle assessment (LCA) goals 
An eTool LCA model allows reporting of numerous impacts. This report only details the Global Warming 
Potential impacts of the design options in line with One Planet Living’s goal of zero carbon communities. 
The goals of this life cycle assessment are to: 

• Quantify the greenhouse gas (GHG) impacts of the residential element of the One Brighton 
development as designed in terms of tonnes of CO2 equivalent. 

• Compare these GHG impacts against a typical ‘business as usual’ benchmark 
• Report on One Brighton’s actual GHG impacts in use. 
• Conduct this in a cost-effective, auditable and repeatable manner 

Regarding the accuracy of the LCA, the goal of this assessment was to estimate impacts with enough 
accuracy to meaningfully compare different design options. The aim is to be generally right not precisely 
wrong. Estimating impacts to extremely high levels of confidence requires detailed resources. In the case of 
buildings, this will usually be overshadowed by the influence of occupant behavior on operational impacts, 
or the actual building life that will deviate significantly from that estimated in this assessment. 
Notwithstanding this, a comprehensive sensitivity analysis has been completed to understand how 
different variables may change the comparisons between design options. 
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LCA scope 
The sole environmental impact detailed in this report is global warming (GHG) potential. The indicator used 
to express this is the mass of CO2e (carbon dioxide equivalent) in kilograms. A number of summary 
categories have been isolated for simplified reporting as well as detailed life cycle inventory data. The 
extents to which these categories are measured are detailed in the system boundary and detailed scope 
sections. 

LCA system boundary 
The system boundary of the assessment is detailed in Figure 2. 

 

Figure 2: System Boundary of eTool LCA software – standard assessments 
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The system boundary is quite broad for this LCA with only very minor upstream impacts not accounted for. 
As explained earlier in the “Context” chapter, buildings only form part of the overall puzzle we need to 
solve to create truly sustainable communities. Environmental impacts relating to personal transport, food 
consumption and waste are not included in the system boundaries. These are notable omissions given that 
they can be significantly influenced by planning and building design. Energy, water supply and wastewater 
treatment are within the boundaries. 

 

 

 
 

 

 

 

 

 

 

 

 

LCA detailed scope 
In relationship to the building envelope itself, the scope is further defined in Table 1. The impact categories 
are listed in the first column with the items falling in and out of scope listed in detail. Factors that would 
significantly influence the total LCA CO2e emissions of the designs include: 

• Personal transport of the occupants 
• Impacts associated with foods, goods and services (purchases made by residents, clothes leisure 

activities etc) 
• Impacts associated with occupant waste and recycling 
• Embodied impacts of non permanent building fixtures such as furniture and appliances 
• Embodied impacts relating to building planning and sales 

These factors listed are considered out of scope of the LCA but nevertheless warrant declaration. 

Transportation, Food and Recycling initiatives in One Brighton 

 

One Brighton has been designed and is managed in a way to facilitate sustainable lifestyles. Design 
and management initiatives include: 

 

• Only a very small number of spaces for disabled car users and shared car club vehicles, 
encouraging low levels of car ownership and use. 

• Food-growing space on rooftop terraces, facilities for taking in deliveries of ‘veg boxes’ to 
individual apartments and a vegetarian cafe 

• Recycling and waste disposal initiatives (including the on-site in-vessel composting system 
for green and food waste) 
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Category In Scope Out of Scope 

Materials 
 

Foundations and Footings 
Floors 
1. Slab or Posts 
2. Structure 
3. Insulation 
Walls 
4. Structure  
5. Doors 
6. Windows 
7. Insulation 
Roof 
8. Structure 
9. Covering 
10. Ceiling 
11. Gutters and Downpipes 
12. Eves 
13. Insulation 
Internal Finish 
14. Paint 
15. Floor Coverings 
16. Cornices / Shadowlines 
17. Wall Coverings (eg plaster) 
18. Skirting Boards 
19. Wet area floors and walls 
 

External Finish 
20. Shades 
21. Security and Fly Screens 
22. Paint 
23. Wall coverings (eg renders) 
Services 
24. Power 
25. Plumbing 
26. Communications 
27. Sewerage 
28. Air-conditioning and Heating 
29. Lifts, elevators, access  
Fittings 
30. Lighting 
31. Shower Screens 
32. Door handles and hardware 

 

Fittings 
1. Kitchens Fittings 
2. Showers and baths 
3. Taps 
4. Bathroom and Laundry Sinks 
5. Toilets 
6. Cabinetry 
7. All furnishings and appliances 
Landscaping 
8. Paving 
9. Retaining Walls 
10. Gardening 
11. Other Landscaping 
 

Assembly 
 

12. Site Preparation and Earthmoving 
13. Assembly energy associated with all material categories listed “In Scope” 

above 

14. Assembly energy associated with all 
material categories listed “Out 
of Scope” above 

Recurring 
 

15. Replacement of Materials used in the categories listed “In Scope” above 
16. Maintenance of materials used in the categories listed “In Scope” above 
17. Recurring assembly impacts associated with maintaining and replacing 

building components in scope above. 

18. Any recurring impacts associated 
with out of scope materials or 
assembly. 

Transport 
and Travel 

19. Transport of Materials associated with all material categories listed “In 
Scope” above 

20. Transport of equipment and trade staff associated with all in scope 
assembly categories 

21. Transport associated with recurring impacts 

22. Travel of building occupants after 
construction 

23. Transport impacts associated with 
out of scope materials, 
assembly or recurring 

24. Embodied impacts of transport 
methods (eg trade staff 
vehicles) 

Operational 
 

1. Thermal Control 
2. Hot Water 
3. Refrigeration 
4. Lighting 
5. Cooking and other kitchen 

appliances 
6. Laundry appliances 
7. Entertainment and 

Communications 
8. Workshop and garage 

9. Domestic water supply 
10. Domestic water treatment 
11. Water pumps and bores 
12. Small scale energy generation 
13. Office / Work Stations 
14. Personnel or Service Lift / Elevator 

15. Operational Transport Energy 
16. Occupant consumption food, goods 

and services 
17. Occupant waste 

End of Life 
1. Deconstuction/Demolition 
2. Transport and waste 

processing 
3. Disposal 

4. Re-use, Recovery and 
Recyling 
 

 

Table 1: Summary of impacts in and out of the scope of the LCA. 
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Data Sources 
Embodied impacts 
Cradle to factory gate embodied impacts of materials are derived from: 

• EcoCosts Database (Based on Idemat / Eco Invent v2.2) 
• Australasian LCI  

For recurring impacts, the LCA does not attempt to predict any reduction in carbon intensity of materials 
through the 100 year lifetime of the building. 

Materials, equipment and labour transport  
• Environment Australia for freight transportation GHG coefficients (Atech Group for Environment 

Australia, 2001)  
• Transport distances assumed for products are appropriate for the location. 

Using UK/European data instead of Australian data would lead to only minor changes in estimates of 
embodied emissions. 

Electricity grid emissions intensity 
The base assessment represents a snapshot in time, all else being equal, of the building performance and 
does not account for any changes in carbon intensity of electricity grids. However, a sensitivity analysis has 
been included to highlight the effect of changing electricity grid energy mixes which, hopefully, will be 
predominantly renewable and very low carbon well before this building nears the end of its design life. 

Green tariffs 
Developer, Crest Nicholson BioRegional Quintain, have set up an energy supply company (ESCo) for One 
Brighton to purchase electricity entirely generated from renewable sources. All owners/tenants sign an 
energy supply agreement with the ESCo. All of the electricity sold by the ESCo is backed by UK ‘Renewable 
Energy Guarantee of Origin’ (REGO) certificates issued by energy industry regulator Ofgem, This was a main 
plank of the near Zero Carbon strategy for the building devised at the outset. 

In the UK there are inconsistencies in the way different regimes for reporting GHG gases treat purchases of 
renewable electricity. As all of the electricity purchased by One Brighton comes from a renewable-only 
provider and is backed by REGOs, BioRegional argues that it should be considered as very low carbon. 
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For transparency, eTool have run two scenarios in the modelling of One Brighton 

- One Brighton (REGO) uses the current (as of April 2013) Good Energy renewable generation mix 
(see Figure 3) to determine the emission factor associated with the supplied electricity. This 
figure is low (0.048 kg CO2e/kWh) and accounts for the emissions associated with manufacture 
and maintenance of the wind power, photovoltaic, hydro and bio generation. 

 

Figure 3: Good Energy projected fuel mix 

 
- One Brighton (PAS2050), in line with the PAS2050 reporting standard for GHG accounting which 

only allows average grid CO2e regardless of any green power purchase agreement. This scenario 
takes the standard UK average grid electricity emission factor of 0.576 kg CO2e/kW/h and 
Includes all upstream emissions associated with electricity generation. 
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Functional units 
In order to normalise assessments between building types the impacts were measured per occupant. 
Furthermore, in order to normalise assessments between different building ages, the impacts were 
measured per year. 

The predicted service lifespan of buildings has a very large effect on their comparable lifecycle GHG 
emissions. eTool uses a methodology aimed at producing fair and repeatable comparisons between 
building designs. Individual building life spans will deviate significantly from the design lives calculated 
using this methodology; however the aim is to predict the mean expected life of all buildings with similar 
characteristics and circumstances. 

Although studies that quantify the actual life span of buildings are lacking, the reasons for demolition of 
buildings are quite well documented. Studies conducted in Australia (Kapambwe, Ximenes, F, Vinden, & 
Keenan, 2009) and the US (Athena Institute, 2004) indicate that fewer than 10% of buildings are 
demolished due to reaching the end of their structural service life. Other factors usually dictate service life, 
namely: 

- Redevelopment for financial reasons (surrounding land has increased in value to the extent that 
it is more profitable to increase the density or use of the building) 

- Redevelopment for aesthetic reasons (the building is no longer in fashion) 
- Fire or other disaster 

For this reason the following characteristics are also considered when estimating design life: 

- Building density 
- Density of the surrounding area 
- Design quality 

Best practice building design attempts to match the durability with the redevelopment potential of the 
building. 

For this LCA, the predicted service lifespan of the benchmarks that One Brighton was compared against was 
70 years whilst their maximum structural durability was 175 years. The estimated lifespan for the One 
Brighton Development was predicted to equal its maximum structural durability of 100 years. This was 
largely due to its high design quality and high residential density meaning the re-development potential is 
relatively low for this inner city development. 
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Assumptions for benchmark existing residential building 
 

The purpose of this benchmark is to establish how One Brighton performs against the current existing 
housing stock. Research was undertaken to understand the average dwellings size, mix, density and 
construction make-ups. 

The following assumptions were made in building the ‘Existing Buildings’ benchmark model. 

 

Building design and materials 
 

Element Assumption Reference 

    

New dwelling mix 

A benchmark model was built that includes the relative proportions of materials for detached, 
semi-detached, terrace and multi-residential housing in these proportions. 
Detached – 18% 
Semi-detached – 19% 
Terrace – 23% 
Multi-residential (Apartment) – 40% (Housing and Planning Statistics 2010) 

Density 2.35 Occupants (average UK household size, 2011 Census) 

Floor Area 76 m2Average new build dwelling floor area (Housing and Planning Statistics 2010) 

Building Lifespan 70 Years estimate (little published data on average new build lifespan) 

Construction Timber Frame 21% (17% detached, 25% semi detached, 20% terraced, 22% flats) 
Masonry 79% Masonry double brick cavity, concrete blocks 

Transport Default distances for materials and staff 

Assembly Trade Staff. Total of 639 trade staff hours Impacts of trade staff (Rawlinson’s Construction 
Handbook)  

 Materials   

Walls 90-150-90 Double Brick Cavity Wall 
Timber Double Frame, fibre Cement and PB clad 

Internal Walls Timber Frame Internal Plasterboard 

Floors Elevated Eng. Timber and Chipboard 
Concrete Slab 

Roof Timber Frame Concrete Tile Roof 
Concrete Slab 

Windows 
PVC Frame Double Glaze (45%) 
Timber Frame Double Glaze (45%) 
Alu clad triple glaze (10%) 

Doors Solid core steel jam (entry) 
Hollow Core wooden jam (internal) 

Finishes 
Plaster and Paint internal 
Lino (PVC) in kitchens 
Carpet glue down nylon and nylon underlay (living and bedrooms) 
Ceramic tiles in bathroom  

 

Table 2: Benchmark model assumptions 
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Operational demands 
The operational data for the existing stock benchmark is based on the Digest of UK Energy Statistics 
(DUKES) figures for 2011 (published 2013). The calorific values for residential supply of each fuel type are 
presented in thousand tonnes of oil equivalent. 

The DUKES figures have been converted into kWh (11630 kWh/TOE) and divided by the total number of 
existing U.K. homes (26.4 million) to provide an estimate for the energy consumption of an average U.K. 
household. 

 

 
Coal Manufactured 

Fuel 
Petroleum 
Products Natural Gas Bioenergy Electricity 

Thousand Tonnes of oil equivalent 540 216 2,669 25,228 592 9,596 
Average kWh per household per annum 238 95 1178 11,113 261 4227 

Kg CO2e / household / annum  106 38 427 2622 2 2437 

Table 3: UK Annual Energy Consumption (DUKES 2011, figures include heat sold) 

 

The emission factors that have been applied for each fuel includes the following upstream activities: 

- Fugitive emissions from fuel extraction (for the 80% of energy supply that is derived from 
imported fuels these fugitive emissions will not be included as they occur outside British 
borders) 

- Emissions from fuel extraction activities and transport to combustion location 
- Other relatively minor impacts such as embodied emissions of power stations, mining and 

extraction infrastructure, transport of fuels etc. 
- Electricity lost in transmission and distribution (as distributors are businesses, these losses may 

be recorded in the business category of DUKES rather than the residential category). 

In the UK transmission and distribution losses account for approximately 4% of electricity supplied. 
Upstream emissions (from the point of combustion back to the fossil fuel extraction point) account for 
between 5% (coal) to 15% (gas) of life cycle CO2e. 

For the GHGs embodied in water consumption and wastewater treatment, it was assumed that for existing 
dwellings each occupant uses 150 litres per day in line with average UK figures published by the 
Environment Agency. The water grid emission factors used represents an average of the emissions factors 
for all of the major UK water suppliers, weighted by the number of households they serve. This equates to 
300 kg CO2e/megalitre of treated drinking supply and 679 kg/ML of wastewater treated. 
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Assumptions for One Brighton as designed 
Embodied impacts (build design and materials) 
Table 4 sets out the assumptions that have gone into modelling the embodied CO2e of One Brighton. The 
materials details were derived from construction drawings and specification documents. In modelling One 
Brighton this study focused on the residential element of the building. The model weights the total 
materials used in the building by floor area and does not include a proportion of materials that are 
associated with the commercial element of the building. 

 

One Brighton assumptions 

    

Density 
305 Occupants (Breeam calculation Occupants = 1 + 1.76 ^ [1-exp (-0.000349 ^ (TFA-13.9)² )] + 
0.0013 ´ (TFA-13.9) 
172 apartments 

Total residential floor area 4541 m2 

Building lifespan 100 Years (30 year increase on average due to high density and build quality and hence low 
redevelopment pressure)  

External walls 
  

Clay Brickwork + Render 8mm lime based render, 100mm Pavatex rigid wood fibre insulation, 240mm Ziegel clay 
bricks/mortar,  

Clay Brickwork + Render + 150mm 
Insulation 

8mm lime based render, 160mm Pavatex wood fibre insulation, 240mm Ziegel clay bricks/mortar, 
plastic Insulation fixings. 

Clay Brickwork + Timber Cladding 21mm timber cladding, 38mm horizontal baton, 25mm vertical, breather membrane, 100mm wood 
fibre insulation, 240mm Ziegel clay blocks/mortar, 15mm plaster  

Clay Brickwork + Tiles 30mm ceramic terracota tiles, 30mm aluminium rail fixing 7#/m , 2mm DPC (over top), 100mm 
wood fibre insulation, 240mm Thermoplan, 240mm Ziegel clay blocks/mortar, 15mm plaster  

Concrete Blocks + Render 100mm brickwork plus mortar, 20mm cavity drain, 300mm concrete strucutre, 2mm DPC (over top), 
100mm EPS insulation, breather membrane, 8mm lime based render, 

Concrete Blocks + Timber Clad 
100mm brickwork plus mortar, 20mm cavity drain, 300mm concrete structure, 2mm DPC (over top), 
100mm EPS insulation, breather membrane, 25mm vertical, 38mm horizontal baton, 21mm timber 
cladding,  

Concrete Blocks + Tiles 
100mm brickwork plus mortar, 20mm cavity drain, 300mm concrete structure, 2mm DPC (over top), 
100mm EPS insulation, Shear Wall plus render, 30mmx1000mm aluminium rail fixing 7#/m , 30mm 
ceramic terracotta tiles,  

Concrete structure posts 200mm thick. Plaster and painted internal finish. Painted external finish 

Curtain Wall Aluminium frame, double glazing 

 Balcony Balustrades Balcony Balustrades 

Floors   
Concrete slab 225mm slab BFS (50%), 5mm acoustic matting, 10mm floor finish (polished FSC timber) 
Bathroom Rubber Tiles finish bathroom and acoustic matting 
Living Carpet or 2.5 Marmoleum on acoustic matting living area 
Stairs, Corridor Carpeted stairs 
Lobby and entrance Ceramic Tiles 
Bin/Commercial/communal space Polished concrete finish 
Kitchen 2.5 Marmoleum on acoustic matting in kitchens 
Bike store Marloleum 

Roof 
  

Concrete Slab Concrete slab - 225mm slab BFS (50%), 5mm acoustic matting, 10mm floor finish (polished FSC 
timber) 

Timber Decking 10mm bitumen, 170 eps, steel Joists, timber decking 
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Ballast 10mm bitumen, 170 rigid eps, 85mm ballast stones 

Brown Roof 10mm bitumen, 170 rigid eps, 2mm vapour membrane, 50mm reservoir board, 150mm planting 
substrate, 5mm plants 

Ceiling Plasterboard suspended ceiling approx 50% 
Bare concrete ceiling approx 50% 

Windows Windows triple glazed 

Internal walls 100-75-100 insulated cavity concrete block 

  215mm concrete block 

  100-125-240 concrete block aerated clay 

  100-190-100 concrete block, cavity, render 

  140-200-140 concrete block cavity 

  140mm concrete block 

  Timber double frame, plasterboard x 2 both sides 

  Timber frame, 90mm plasterboard x2, paint both sides 

  Timber frame Stud, plasterboard, paint  

  Timber frame, 30mm insulation, plasterboard paint both sides 

  Steel stud, 600mm centre, plasterboard one side 

  Steel stud, 600mm centre, plasterboard both sides 

  Internal plaster and paint finish 

  Structural 200mm concrete 

 

 Table 4: One Brighton materials templates 

 

Operational impacts 

Regulated energy consumption 
The regulated energy demands (for space heating, hot water and electricity used for lighting) had 
previously been modelled during the design stages by an energy assessor. The SAP worksheets were 
obtained for each flat type and used to obtain total regulated energy requirements for each building. This 
modelling was done during design stages to prove compliance with Part L of the Building Regulations. The 
energy assessor made some assumptions during the design which differed from the as built design as 
follows:  

Mechanical Ventilation with Heat Recovery (MVHR) – the energy assessor had assumed the low default 
efficiency values in SAP giving a very high energy requirement for ventilation. eTool updated the SAP 
modelling based on the actual model installed, the Zpelair Xcell 150 which has a specific fan power (SFP) of 
1.33W/l/s and heat recovery efficiency of 88%. This improved the ventilation energy requirement by 
approximately 37%. 

Biomass - The assessor had assumed 100% of One Brighton’s heating and hot water energy would be 
provided by a biomass boiler. In reality a gas boiler would be required for some of the time to cover 
ongoing maintenance of the biomass boiler. eTool assumed therefore that 10% of the heating and hot 
water energy requirements would be supplied by a gas boiler. 

Final assumptions used in the regulated energy modelling of One Brighton are set out in  

Table 5. 
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Element     

Fabric     
U-value Walls 0.21 W/m2k 
U-value Roof 0.19 W/m2k 
U-value Windows 1.15 W/m2k 
Thermal Bridging Accredited Details 0.08 W/m2K 
Communal Heating     
Boiler efficiency 85 % 
Wood fuel 100 % 
Distribution loss factor (SAP Default) 5 % 
System efficiency (charging System Linked to 
use of community heating, programmer and 
TRVs) 

100 % 

Ventilation     
Air permeability rate 5 m3/hm2 
MVHR SFP 2 W/l/s 
MVHR (Zpelair Xcell 150) Efficiency 66 % 
Renewables     
PV (on Pullman Haul) 23 kW 

 

Table 5: One Brighton operational inputs 

 

Unregulated energy consumption 
 

The unregulated energy for appliances (T.V. home electronics etc) and cooking was modelled using the 
following BRE calculation methodology: 

  Appliances (kWh/yr) = 207.8 x Floor Area x (Floor Area x Occupancy) ^ 0.4714 

  Cooking (kWh/yr) = 275 + 55 x Occupancy 

The energy associated with communal lighting was largely derived from Navigant Consulting, Inc., Life-Cycle 
Assessment of Energy and Environmental Impacts of LED Lighting Products, February 2012, Updated August 
2012. 

Common Lighting Energy (kWh/yr) = Lamp power x (target light intensity (Lux) / Lamp 
intensity (Lumens/Lamp)) x Lighting Area x Lamp Runtime / 1000. 
Assuming: Lamp Power = 36W, target light intensity = 250 Lux, Lamp Intensity = 2500 
lumens / lamp, Lighting Area = 1870 m2, Lamp runtime = 6 hrs/day (motion sensors) 

The energy associated with lift consumption was derived from the Kone manufacturer’s website assuming 
lift speed of 3m/s and average 5 starts/ occupant/ day. 

The energy required to pump water around the building assumes a 5kW pump running 24hrs per day. 

Results of the above modelling are shown in Table 6. 
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House Type 
Total 

Residential 
Floor Area 

Occupancy Space 
Heating 

Water 
Heating 

Pumps 
and Fans Lighting Cooking Appliances Auxiliary  

  
m2  

kWh/ 
occupant 

kWh/ 
occupant 

kWh/ 
occupant 

kWh/ 
occupant 

kWh/ 
occupant 

kWh/ 
occupant 

kWh/ 
occupant 

Apartment 4541 305 404 1726 454 169 211 994 49 

Table 6: One Brighton Operational Energy 

 

For water consumption a level of 105 litres per occupant per day was assumed; the minimum required to 
achieve Code for Sustainable Homes Level 3. Emission factors for water supplied and treated by Southern 
Water (which serves Brighton and Hove) were used in determining the CO2e impacts from One Brighton 
residents’ water consumption. 

Energy and water associated with the non-residential units in One Brighton has not been included in this 
study.

1 
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Results of life cycle impact assessment 
Benchmark existing stock 
The emissions associated with the existing weighted average building mix total 2,948 kg CO2e/occupant/year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: UK weighted average benchmark existing stock CO2e breakdown 
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One Brighton emissions ‘as designed’ 
The life cycle carbon emissions of the residential component of the One Brighton development (REGO) ‘as designed’ total 569 kg CO2e. They are dominated 
by the embodied CO2e relating to the materials. Over its lifespan, materials contribute 60% of the development’s total emissions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: One Brighton ‘as designed’ CO2e impacts breakdown
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One Brighton embodied Impacts  
 

The life cycle embodied impacts of the residential component of One Brighton, 382 kg CO2e /occupant/year, are divided into five broad categories: (i) 
emissions associated with the materials and components used in the building (from extraction through to final manufacture); (ii) emissions arising from 
transporting materials and personnel to the construction site; (iii) those associated with items replaced or maintained during the life of the building (recurring 
impacts); (iv) emissions arising from the construction of the building, when materials and components are assembled on site; and (v) those associated with 
demolishing the building and disposal, with some items being recycled. See Figure 6. 

 

Figure 6: One Brighton’s embodied impacts
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Embodied emissions associated with materials (143 kg CO2e/occ/yr, 37% of total embodied impact) 

 

The four largest material impacts come from the following: 

- Concrete – The individual element with the largest impact is the concrete used in the buildings 
construction. A 50% by mass blast furnace slag mix (Granulated Ground Blast Furnace Slag – 
GGBS) was used to reduce this impact however it still represents 36% of the overall materials 
impacts. 

- Plasterboard – Plasterboard is a prominent wall covering throughout with over 1,000 tonnes used 
in One Brighton. Standard plasterboard is carbon intensive largely due to the extraction and 
manufacture of gypsum used in the product. There is a relatively large volume of plasterboard 
used in the build with some wall types having double or triple layers. 

- Masonry: low temperature-fired clay blocks – The blocks used in external walls have a 
honeycomb clay structure which reduces the volume of clay used compared to standard bricks. 
The energy required to manufacture the bricks is also reduced as they are fired at much lower 
temperatures. The bricks represent an improvement on a standard double brick or single 
brick/concrete block construction. Replacing them with a brick cavity for example, would increase 
the emissions for this element by approximately 23%. These aerated bricks still represent a 
significant proportion - 2% of One Brighton’s embodied CO2e. 

- Ceramic tiles - The tiles used in bathrooms represent 2% of the embodied impacts associated with 
materials. 

- Paints - The paints used for internal and external wall and ceiling finishing represents 1% of 
embodied impacts of materials. 

Embodied emissions associated with items replaced during the building’s lifetime (167 kg CO2e/occ/yr, 
43%) 
 

- Plasterboard – The assumed lifespan of the plasterboard is 50 years meaning they will all be 
replaced once over the 100 year lifespan. When it comes to replacing the boards it is important 
that they are recycled wherever possible and replaced with alternatives such as magnesium 
oxide. The conservative assumption made here is that plasterboard alternatives are not used as 
replacements although these may become the norm. 

- Ceramic Tiles – The ceramic tiles only need replacing once over the lifetime of the building. They 
are, however, a very carbon intensive recurring item due to the high temperatures involved in 
their manufacture. Ceramic tiles represent 6% of the recurring impacts.  

- Carpets – Carpets have a high recurring impact due to their short life spans. Apartments were not 
carpeted by the developer and therefore an estimate of 50% of floor area has been used in living 
areas of the apartments to account for likely purchase of carpets by residents. The nylon carpets 
have been assumed to require replacing every 10 years and therefore account for a large 
proportion of the recurring impacts – 14%. The remaining 50% of floor coverings use the 
Marmoleum flooring installed during construction which is assumed to be replaced every 25 
years and represents about one third less embodied CO2e. 
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- Rubber underlay – Acoustic rubber matting used as underlay for the carpets and Marloleum 

floors represents 6% of the recurring impacts. With an estimated life of 30 years it is important 
that this material is recycled at the end of its life and recycled replacements are sought where 
possible. 

- Painting – For paint, the top coats are assumed to be repainted every 7.5 years, undercoats every 
15 years and sealer layers every 50 years. Together these represent 7% of the recurring impacts. 

- Other Fittings - eTool have not quantified the recurring impacts of internal furniture, appliances 
and fittings such as bathroom fittings, kitchen and bathroom cabinets, sofas TVs, white goods etc 
which is out of scope for this study. These elements can have significant recurring impacts due to 
their short lifespan. 

Embodied emissions associated with transport (51 kg CO2e/occ/yr, 13%) 
 

- The transport impacts are dominated by the transportation of the clay and concrete blocks to the 
site during construction. Transport associated with these blocks accounts for 30% of total 
transport-related emissions. Following that is plasterboards with 20% and concrete with 9%. 

- The wood fibre insulation has a fairly large transport impact which is interesting to note given 
that it has a negative embodied carbon impact as the wood is assumed to be reused in bio 
generation at the end of its life. 

Embodied emissions associated with demolition and disposal (17 kg CO2e/occ/yr, 4.4%) 
 

- The emissions associated with demolition and disposal of materials at the end of the building’s 
life are comparatively low, contributing 4.5% towards One Brighton’s embodied life-cycle 
emissions. These are predominantly the emissions associated with the materials decomposing in 
landfill. 

Embodied emissions associated with assembly (6 kg CO2e/occ/yr, 1.5%) 

- The initial assembly impacts from construction equipment and trade staff assembling the building 
on site account for a relatively small 1.5% of the embodied impacts. 

Embodied emissions associated with recycling at end of life(-2 kg CO2e/occ/yr, 0.49% %) 

- There is a 0.5% credit applied to the life cycle emissions for recycling of materials when the 
building is demolished. This is based on current industry average recycling rates for elements such 
as timber and steel. 

  



 

Page 27 of 39 
 

Summary of embodied emissions by key components and materials 
 

The top 10 individual materials by impact are shown in Figure 6. 

 

Figure 6: One Brighton top 10 embodied impacts 
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Operational impacts of One Brighton ‘as designed’ 

One Brighton REGO scenario 
 

The modelled operational impacts for One Brighton ‘as designed’ under the REGO scenario (see page 13) are 
summarized in Figure 7. 

 

 

Figure 7: One Brighton operational impacts ‘as designed’; individual elements 

 

The impacts are dominated largely by water heating by natural gas and biomass. The model assumes that 
biomass contributes 90% towards the overall heating load with 10% input from natural gas for time when the 
biomass boiler is down for maintenance. Although biomass is in theory a carbon neutral fuel source the 
manufacture of the wood pellets and their transport to the building causes some CO2e emissions. An 
emission factor of 0.037 kg CO2e/kWh has been used for this fuel in the modelling of One Brighton. 

Emissions associated with the water supplied to One Brighton, then treated as wastewater, are the second 
most significant impact. Water supply from Southern, the water company serving Brighton and Hove, has a 
carbon intensity of 410kg CO2e/Ml for water supplied and 679 kg CO2e/Ml for wastewater treated. These 
water-related emissions alone comprise a large part of One Brighton’s total operational emissions because 
the ‘as designed’ emissions from heat and electricity are so low. 

Electricity for lighting, cooking, and other appliances has a very low impact as the Good Energy fuel mix is 
100% renewable. The impacts from the mix are equal to 0.048 kg CO2e/kWh, accounting for the emissions 
associated with manufacture and maintenance of the wind power, photovoltaic, hydro and bio-generation 
infrastructure. 
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One Brighton PAS 2050 scenario 
 

The ‘as designed’ operational impacts for the One Brighton PAS2050 scenario are compared to the REGO 
scenario in Figure 8. 

 

Figure 8: One Brighton operational impacts as designed, REGO vs. PAS2050 

 

Unsurprisingly, the CO2e emissions arising from electricity consumption dominate One Brighton’s operational 
emissions when the standard UK grid emissions factor is applied to the building’s electricity supply. 
Appliances and home electronics, cooking and white goods are the largest contributors. One interesting issue 
is that the carbon savings attributed to the PV are much greater under the PAS2050 scenario than the REGO 
scenario. This is because it is off-setting relatively high carbon UK grid electricity whereas in the REGO 
scenario PV-generated electricity is only off-setting the very low carbon supplied by Good Energy. 
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Sensitivity analysis 
Benchmarks: 
Two further theoretical benchmarks have been established in addition to the existing housing stock 
benchmark which uses real household energy consumption statistics allowing a comparison of One 
Brighton’s performance to the modelled emissions of new housing. 

New Dwelling 2006 

The regulated energy demands (energy required for space heating, hot water, HVAC equipment and lighting) 
for a typical new UK home were estimated using the SAP 2005 (Standard Assessment Procedure) worksheets 
which are outputs from NHER (National Home Energy Rating) modelling software. This modelling was carried 
out to obtain the regulated energy consumption figures for each of the four different benchmark dwelling 
types described above (see Table 2), built in such a way as to just meet the Part L 2006 Building Regulations 
‘Target Emission Rate’ (TER). These were the regulations in force when One Brighton was built. For the 
apartment block the electricity associated with common lighting assumes CFL lighting with 6 hour runtime 
and 250 lux target light intensity. Elevator energy is derived from manufacturer’s websites.  

Figures for unregulated energy consumption (energy required for cooking, appliances etc) were obtained 
following the same methodologies as used in the One Brighton As-Designed model. 

The results of this modelling are shown in Table 7. 

 

House Type 
Proportion of 

new build 
registrations 

Floor 
Area Occupancy Space 

Heating 
Water 

Heating 
Pumps 

and Fans Lighting Cooking Appliances Auxiliary  

    m2  kWh/occ kWh/occ kWh/occ kWh/occ kWh/occ kWh/occ kWh/occ 
Detached 18% 104.0 2.8 3367 1569 76 170 154 1082 154 

Semi detached 19% 86.6 2.6 2928 1720 76 211 162 1032 162 

Terrace 23% 86.6 2.6 2035 1700 77 215 162 1032 162 

Apartment 40% 54.3 1.8 813 1670 0 148 206 996 206 

Total Weighted Avg 100% 76 2.3 1946 168 45 179 178 1026 29 

Table 7: Summary of energy requirements from SAP modelling of sample dwellings to 2006 Building 
Regulation requirements 

 

For water consumption it is assumed the same 105 litres per occupant per day figure used in the One 
Brighton as designed model. 

New Dwelling 2013 

The operational emissions for a new home which would comply with the 2013 Building Regulations have also 
been modelled. This 2013 benchmark model assumes an average 31% improvement in regulated CO2e 
emissions over a 2006 Building Regulations-compliant model. This is in line with the recent publication of 
Part L 2013. All other emissions are assumed the same as in the 2006 benchmark model. 

The total modelled emissions for three benchmarks; Average Existing Stock, average 2006 new build and 
average 2013 new build are shown in Figure 9. 
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Figure 9: Total emissions Benchmark 2006, One Brighton ‘as designed’ (REGO scenario) and One Brighton ‘as 
designed’ (PAS2050 scenario). 

 

Both the One Brighton standard grid (PAS2050) and One Brighton Good Energy grid (REGO) modelled 
scenarios show significant improvements over all benchmarks. 

 

 CO2e Improvement 

 Existing Stock Benchmark 
2006 

Benchmark 
2013 

As Designed REGO 81% 74% 70% 
Ass Designed PAS 2050 51% 35% 25% 

 

Table 8: Percentage improvements against benchmarks In CO2e 

 

One Brighton achieves a 13% improvement over the existing stock benchmark in embodied emissions alone 
(under both the PAS2050 and REGO scenarios, whose embodied emissions are the same). The low 
temperature-fired clay blocks and granulated ground blast furnace slag concrete used in the building 
represent significant improvements compared with business-as-usual alternatives. However, apartment 
blocks inherently have more materials in their make-up compared to houses due to the added common 
areas which are typically around 20% of the total floor area. The benchmark theoretical models represent an 
amalgam of 40% apartment and 60% house and will naturally require fewer materials per occupant than a 
typical apartment block. 
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One Brighton ‘as built’ vs. ‘as designed’ 
Monitoring data has been obtained for the year 2012 (January to December), enabling One Brighton’s ‘as 
built’ or actual – as opposed to ‘as designed’ – operational emissions to be estimated. The data includes 
monthly figures for all biomass, gas and electricity  consumption and therefore includes data for both 
regulated (space and water heating and lighting) and unregulated energy consumption. The embodied 
impacts remain the same across all One Brighton models as they have all been based on the same 
construction drawings. A materials quantity comparison between the drawings and actual receipts and bills 
of quantities might have shown some interesting results but is out of scope for this study. For water 
consumption the ‘as designed’ figure of 105l/person/day was used; monitoring data obtained after this LCA 
was completed indicates the actual consumption is very close to this. A breakdown of One Brighton as built 
life cycle emissions is illustrated in Figure 10. 

The building is not performing as well (from a carbon perspective) as was modelled during design stages and 
operational energy makes up a greater proportion of the life cycle emissions than was estimated as designed. 
However, One Brighton as built still performs significantly better than the housing stock benchmark as shown 
in Figure , both under the REGO scenario and the PAS2050 scenario (which gives it no credit for using very 
low carbon electricity). 

Under the REGO scenario, One Brighton’s ‘as built’ lifetime CO2e emissions are 53% higher than those of the 
‘as designed’ model. Under the PAS2050 scenario the increase in emissions between ‘as designed’ and ‘as 
built’ is smaller, at 38%, The increase is very largely due to the fact that low carbon biomass met only some 
30% of the building’s heating requirement during 2012 (and in the following year) with natural gas supplying 
the remainder. The biomass boiler has shut down intermittently, with the back-up gas-fired boiler 
automatically engaging whenever this happens. BioRegional and the One Brighton ESCo are working towards 
hitting the target for 90% of heating and hot water demand being met by biomass. 

Based on the monitoring data, One Brighton’s operational emissions have been estimated on the assumption 
that the building achieves this target. This is set out in Figure 11. 
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Figure 10: One Brighton ‘as built’ CO2e impacts breakdown
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Figure 11: As designed vs. as built emissions 

 

If BioRegional’s targets for biomass are achieved, then the difference between ‘as designed’ and ‘as built’ 
CO2e emissions are estimated to be marginal.  

One Brighton’s operational emissions from energy consumption under the REGO scenario, both ‘as designed’ 
and ‘as built’, have been sub-divided into electricity, gas and biomass-related emissions, summarised in 
Figure 12. This highlights that the difference is very largely due to increased gas consumption. 
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Figure 2: As designed vs. as built operational emissions 
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Conclusions 
Significant conclusions can be drawn from the retrospective Life Cycle Assessment of the One Brighton 
development. The lessons may be useful in future similar projects or building projects in general.  

One Brighton key lessons 

• 67% of the buildings ‘as designed’ life cycle GHG emissions are attributed to embodied emissions 
and 33% are attributed to operational CO2e. 

• Largest embodied impacts come from concrete in the floor slab, plasterboard and recurring impacts 
associated with painting and carpets. 

• Largest operational impacts associated with energy consumption (REGO very low carbon grid 
electricity scenario) are due to gas backup for hot water and for the emissions associated with 
water supply and waste water treatment. 

• Considering the model under PAS2050 scenario (using UK average grid intensity) electricity 
emissions from appliances, cooking, white goods, refrigeration and MVHR dominate.  
 

Performance against benchmarks 

• Against an existing stock benchmark model the development as designed achieves an 81% (REGO 
scenario) and 51% (PAS 2050 scenario) improvement in life cycle CO2e emissions. 

• Against a 2006 building regulations benchmark model the development as designed achieves a 74% 
improvement (REGO scenario) and 35% improvement (PAS2050 scenario) in CO2e emissions. 
 

As built performance 

• Based on one year’s monitoring of post-occupation energy consumption, One Brighton achieves a 
significant reduction in Life Cycle emissions over the benchmarks considered. However, its lifecycle 
CO2e emissions are 53% higher, under the REGO scenario, and 38% higher, under the PAS2050 
scenario, than those of the‘as designed’ model. This is largely due to the performance of the biomass 
boiler which provided only 33% of the building’s heating requirement during the year in which data 
was collected 

• BioRegional have targeted a 90% provision of heating requirements to come from the biomass 
boiler. If this target is achieved then the as built CO2e emissions are only 12% higher than those of 
the ‘as designed’ model under the REGO scenario. 
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Appendices 
 

Carbon Emissions Table 
 

  
  Kg CO2e Per Occupant Per Year 

    
Embodied/assembly 

Impacts  
Operational 

Impacts  Total 

          
B/mark Avg  Benchmark Existing Stock 512 2436 2948 

  Benchmark Building regs 2006  512 1662 2174 
  Benchmark Building Regs 2013 512 1364 1876 

One Brighton designed As Designed (REGO) 382 188 569 
  As Designed (PAS 2050) 382 1051 1433 

One Brighton As Built As Built (REGO) 382 812 1194 
  As Built PAS2050 382 1904 2286 
  As Built (REGO) 90% Biomass 382 264 645 
  As Built PAS2050 90% Biomass 382 1355 1737 

 

Table 9: Absolute CO2e figures for each model (kg/occupant/year). 
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