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INTRODUCTION
This case study looks at the Life Cycle Carbon of the Sandwell 
Aquatics Centre for a period of 60 years. Both the embodied 
and operational carbon calculations for the case study was 
carried out using ECCOlab.

The project was into RIBA Stage 4 and was on site at the 
beginning of this study. The aim of the study was to understand 
the performance of the projects As-Designed and to explore 
alternative options with lower carbon impact. The report 
focuses on a comparative Life Cycle analysis study to aid 
decisions in construction methods and materials for future 
schemes. The analysis includes emissions from construction, 
use stage emissions arising from maintenance and replacement, 
operational emissions as well as end of life emissions. The 
alternative options, which were established in collaboration with 
Wates, are presented in the following chapters.

As part of this study a database of materials and assemblies was 
developed in ECCOlab that includes the As-Designed and the 
alternative options. The database captures detailed information 
on the thermal performance, carbon footprint and cost of each 
element. All information on the database is based on available 
EPD data from different manufacturers. The database is made 
available for use on future Wates ECCOlab projects.

PROJECT OVERVIEW
The Sandwell Aquatics Centre is a leisure facility for the people 
of Sandwell. At the time of the analysis the project was in Stage 
4 and on-site construction had commenced. The analysis was 
undertaken for the ‘Legacy Model’ of the building, after the 
competition of a major sporting event due to take place in 2022.

The project includes a 50m competition pool and a dive pool 
with areas for spectator seating, a studio pool and a dry dive 
training facility along with all the necessary ancillary spaces for 
these uses. It also includes two 4-court sports halls that can 
accommodate a variety of sports (badminton, short tennis, 
gymnastics, 5-a-side football, netball, table tennis and handball), 
a fitness gym, studios and associated changing and stores. The 
complex also includes an entrance foyer, a cafe, meeting spaces, 
offices and staff accommodation.

The total number of permanent spectator seating is 1,000, 
including 10 wheelchair positions with companion seats. The 
wet changing and pool area provisions have been calculated 
for a total occupancy of 648 persons. The sports hall total 
occupancy is calculated as 64 persons and changing areas were 
calculated for a total occupancy of 160. The fitness gyms have 
a total provision of 253 people. In total, the occupancy of areas 
including staff, cafe, sports hall, fitness centre and dry dive is 
calculated at 570 persons.
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Figure ii -  Life Cycle Assessment (LCA)

Diagram adapted from Hawkins\Brown using illustrations from 

Open Systems Lab 2018 licensed under Creative Commons CC-
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Figure iii - Emission breakdown of a building’s life cycle
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SCOPE AND METHODOLOGY
The embodied and operational carbon calculations for the 
case study was carried out using ECCOlab. ECCOlab is a web-
based tool that enables life cycle assessment of projects from 
the early stages of design to completed buildings enabling 
informed design decision making from the outset of the project 
throughout the project’s development to assessment of the 
completed building.

The study analyses the carbon emitted throughout the life of 
the building. The building life cycle includes construction, use 
and deconstruction commonly termed ‘cradle to grave’. It aligns 
with the relevant standard BS EN 15978 [2] which splits down the 
energy associated with construction projects into the following 
stages:

• Product stage (A1-A3)

• Construction process stage (A4-A5)

• Use stage (B4)

• Operational energy (B6)

• End of life stage (C1-C4)

• Benefits and loads beyond system boundaries (D)

Supplementary information beyond the building life cycle (D) is 
beyond the scope of this analysis. Following EN 15804 approach, 
any benefits of recycled materials that are currently taking place 
are included in product stage A1-A3.
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Lifecycle Stages

The main metrics to consider will be: 
 › Embodied lifecycle carbon / refers to the carbon dioxide 
equivalent emissions from EN:15978 building stages A1-A5, 
B1-B5, C1-C4. This omits operation energy carbon and is 
essentially the emissions from the building materials and their 
maintenance.

 › Operational carbon / refers to the carbon dioxide equivalent 
emissions from EN:15978 building stages B6. This is the 
carbon emissions from regulated and unregulated energy use. 

 › Lifecycle carbon / refers to the carbon dioxide equivalent 
emissions from EN:15978 building stages A1-A5, B1-B6, 
C1-C4. This is the whole life cycle emissions which includes 
operation energy carbon.

Parts of a Building
To categories and identify where building emissions are coming 
from, building components are normally categorised as per 
BCIS SFCA. The categories highlighted below are being 
considered for this study. These categories have been chosen 
as they are specific to the outcomes of this study and decisions 
being made at this stage. 

Omissions and Limitations
Certain categories of building emissions have been omitted. 
This has generally been done due to availability of information. 
A full system boundary matrix can be found in Appendix 13.2.

Sequestration
Sequestration refers to the process by which organic materials 
sequester carbon during growth eg. a tree absorbing carbon 
then being cut down and used as construction timber would 
typically sequester an amount of carbon. 

Sequestration has been included in this report in accordance 
with PAS2050 methodology.

Carbonation
Carbonation refers to the process by which some materials 
absorb carbon through their life cycle eg. exposed concrete 
continues to absorb carbon for years after curing. 

Carbonation has not been included in this report due to the 
very small impact it has on results and current uncertainty as to 
exposed surfaces. 

Offsetting
Offsetting refers to the process of offsetting carbon emissions 
by means of generating energy from renewable sources eg. if 
a solar panel generates 1 unit of energy, the emissions from 
taking that 1 unit of energy from the grid are considered to be 
offset. 

5 / Lifecycle Stages

(Including benefits and loads beyond the system boundary)

Image 6 / System boundary: The diagram illustrates the structure (as set out in BS EN 15978) which covers both operational carbon emissions from 
energy and water use (modules B6 – B7) and embodied emissions (modules A1-A5, B1-B5, C1-C4, and D).

ECCOlab Consultancy / Lifecycle Carbon Analysis 
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The RIBA has developed targets for operational energy use 
and embodied carbon in Non-Domestic buildings. These 
were used to provide some benchmarking for the Sandwell 
Aquatic Complex. 

The targets take into account the latest recommendations from 
the Green Construction Board, and have been developed by 
the RIBA in consultation with other UK professional bodies. 
The targets are progressive yet realistic, and a vital first step to 
ensure the construction industry has delivered the significant 
reductions necessary by 2030 in order to have a realistic 
prospect of achieving net zero carbon for the whole UK building 
stock by 2050.

The RIBA recommends that project teams aim for a percentage 
reduction of the current baselines and minimum regulatory 
standards, as shown in the trajectory diagram below, by using 
the targets set out in the detailed table on the right.

The RIBA 2030 Climate Challenge Checklist includes the 
following:

 › Target < 55 kWh/m2/y operational energy use for non-
domestic buildings by 2030 (minimum DEC A or 75% 
reduction in operational energy as compared to CIBSE 
TM46 benchmarks), including maximising the use of on-site 
renewables.

 › Design using realistic predictions of the operational energy 
target to avoid the performance gap and report the energy 
use by fuel type and include the full breakdown of regulated 
and unregulated energy use. 

 › Use low carbon heating, for example heat pumps or 
connections to district heat networks, and target no new 
connections to the gas grid or use of fossil fuel boilers, and 
target space heat demand of 15-20 kWh/m2/y, by 2025 at 
the latest, as recommended in the Committee of Climate 
Change UK housing:Fit for the future? report.

 › Offset set remaining carbon emissions by contributing to UK 
renewable energy projects that work towards de-carbonising 
the national and/or local grid.

ECCOlab Consultancy / Lifecycle Carbon Analysis 

6.2 / The RIBA 2030 Non-Domestic Targets

Benchmarking

Image 9 / RIBA 2030 Climate Challenge trajectories

Image 10 / RIBA 2030 Climate Challenge target metrics for non-domestic buildings

 LIFECYCLE STAGES
The main metrics to consider will be:

• Embodied lifecycle carbon refers to the carbon dioxide 
equivalent emissions from EN:15978 building stages A1-A5, 
B1-B5, C1-C4. This omits operation energy carbon and is 
essentially the emissions from the building materials and their 
maintenance.

• Operational carbon refers to the carbon dioxide equivalent 
emissions from EN:15978 building stages B6. This is the carbon 
emissions from regulated and unregulated energy use.

• Lifecycle carbon refers to the carbon dioxide equivalent 
emissions from EN:15978 building stages A1-A5, B1-B6, C1-C4. 
This is the whole life cycle emissions which includes operation 
energy carbon.

 

BENCHMARKING
RIBA has developed targets for operational energy use and 
embodied carbon in Non-Domestic buildings. These were 
used to provide some benchmarking for the Sandwell Aquatics 
Centre.

The targets take into account the latest recommendations from 
the Green Construction Board, and have been developed by 
the RIBA in consultation with other UK professional bodies. 
The targets are progressive yet realistic, and a vital first step to 
ensure the construction industry has delivered the significant 
reductions necessary by 2030 in order to have a realistic 
prospect of achieving net zero carbon for the whole UK building 
stock by 2050.
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9.8 / Comparison

Graph 38 /  Embodied Carbon (A, B, C) comparison. (RIBA Targets for non-domestic buildings for reference only)

Graph 39 /  Life Cycle Carbon comparison. (2020 RIBA Target for non-domestic buildings for reference only)

Sandwell Aquatics Centre

The embodied carbon emissions across the different cases are 
summarised in Graph 37. 

The RIBA 2030 Challenge targets for Non-Domestic buildings 
are used as benchmarks. However, it should be noted that 
a pool complex of this size is expected to behave very 
differently from other non-domestic buildings and will have 
significantly higher energy use due to the nature of the 
building. Therefore benchmarks should be used carefully and 
only for reference purposes. 

 › In Case 1 As Designed the Embodied Carbon of the building 
is 812 kgCO2e/m2 which is close to the RIBA 2020 target. 
The impact of the alternative scenarios tested is summarised 
below.

 › The use of 40% GGBS in the concrete mix instead of cement 
leads to 18% reduction in Embodied Carbon. 

 › The use of Zinc cladding on the roof  instead of aluminium 
does not have any effect on carbon.

 › Building to the Passivhaus standard lead to 26% reduction 
in Operational Carbon and 23% reduction in Total Life Cycle 
Carbon.

 › The combination of all the above measures (Case 5) lead to 
25% reduction in Total Life Cycle Carbon

These findings indicate the importance of energy use and 
building performance in this typology. Operational Carbon 
represents 90% of the Total Lifecycle Carbon over 60 years and 
any attempt to reduce the carbon footprint of similar building 
should start by focusing on thermal performance and the use of 
low carbon systems .

 

18%18%

23% 25%

COMPARISONS
The following cases were analysed:

Case 1_As Designed

This option shows the lifecycle carbon performance of Aquatics 
Centres ‘As Designed’. It is used as the baseline for comparison 
with alternative options

Case 2_GGBS

In this case, the typical concrete mix was replaced with 40% 
GGBS (Ground Granulated Blast-furnace Slag)

Case 3_Zinc Roof

In this case the roof finish was changed from aluminium to zinc 
to quantify its impact on embodied carbon.

Case 4_Passivhaus

For this option it was assumed that the current design, as 
captured in Case 1, achieves Passivhaus performance.

Case 5_Low Carbon Passivhaus

This case combines all the strategies tested in Cases 2, 3 and 4 in 
order to quantify their combined impact.

  

CONCLUSIONS
• The As-designed case at 813 kgCO2e/m2 only narrowly 

misses the RIBA 2020 target for Embodied carbon of 800 
kgCO2e/m2

• All design cases failed to meet the RIBA 2025 Embodied 
carbon of 650 kgCO2e/m2

• All design cases failed to meet the RIBA 2020 Operational 
Carbon of 170 kWh/m2/y

• All Cases start their life at Year 0 with similar emissions, 
around 700 kgCO2e/m2, but then as a result of Operational 
Carbon the Passivhaus options (Cases 4 and 5) accumulate 
24% emissions less compared to the other options over a 
period of 60 years.

• The Low Carbon Passivhaus cases offers a 25% reduction in 
Life Cycle emissions when compared to the As- Designed 
case.

• Findings show that reducing operational energy can 
significantly reduce Life Cycle Carbon emissions. This effect 
is even greater the embodied carbon of the big structural 
elements is reduced.

• Sandwell Aquatics Centre never set out to achieve any 
specific carbon targets so arguably the baseline design 
performs resonantly well however it is clear that there is a 
significant gap to be closed before the RIBA 2025 and 2030 
targets can be achieved for a building of this typology.


