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Whole Life Carbon vs
Embodied Carbon

Introduction
Life Cycle Assessment (LCA) considers and quantifies the
impacts of an asset over its life cycle; from raw material
extraction, processing, manufacturing, distribution, through to
the product’s use phase and end-of-life impacts. LCA also
considers any benefits and loads generated from the product
beyond the system boundary.

When performed in the built environment, the holistic approach
that LCA achieves across the entire life cycle of an asset is
essential for making intelligent design decisions at the outset of
a project, thereby achieving maximum environmental impact
reduction.

There is currently a movement within the industry to focus solely
on Embodied Carbon rather than the Whole Life Carbon of a
project. Several rating schemes around the world are creating
new versions to address Embodied Carbon in isolation. There is

no denying the significance of Embodied Carbon in the
construction industry:

● It is estimated that ⅓ of all emissions associated with the
built environment originate from Embodied Carbon.

● As electricity grids continue to decarbonise, Embodied
Carbon will become a larger proportion of emissions from
the built environment.

However, there is a risk that if the focus shifts away from Whole
Life Carbon to Embodied Carbon in isolation, incorrect decisions
will be made in the present that will have negative impacts on
the environment long into the future and potentially derail net
zero goals.

This article explores some of the current key themes in Life
Cycle Assessment in the built environment and identifies some
risks of taking a siloed approach to Embodied Carbon.

The graphic below illustrates Cerclos’ definitions of the LCA
modules that fall under the various carbon assessment scopes.

The upcoming 2nd edition of the RICS Whole Life Carbon
Assessment for the Built Environment defines Whole Life Carbon
to include modules A0-A5, B1-B8, C1-C5, but states that module
D should be excluded from the Whole Life Carbon figure and
reported separately.
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What is Upfront Carbon?
Upfront Carbon emissions are the GHG emissions associated
with materials and construction processes up to practical
completion. This encompasses life cycle modules A1-A5.

There are different interpretations over which modules are
included in Upfront Carbon, some considering it to be limited to
A1-A3 (known as cradle to gate), whereas others also include
A4-A5 (cradle to practical completion). The general consensus
seems to be that Upfront Carbon should encompass the entirety
of module A (A1-A5).

It is worth noting that some organisations define Upfront Carbon
as excluding the biogenic carbon sequestered in the materials
used to reach practical completion.

What is Embodied Carbon?
Embodied Carbon emissions are the GHG emissions and
removals associated with materials and construction processes
throughout the whole life cycle of a building or infrastructure.
This encompasses life cycle modules A1-A5, B1-B5, and C1-C4.

What is Operational Carbon?
Operational Carbon emissions are the GHG emissions arising
from the energy and water consumed by a building or
infrastructure project over its life cycle. This encompasses life
cycle modules B6-B7.

What is Whole Life Carbon?
Whole Life Carbon emissions are the sum total of all GHG
emissions and removals over the life cycle of an asset. This
encompasses all life cycle modules A1-A5, B1-B7, C1-C4, and
D1-D5. Whole Life Carbon brings together all GHG emissions in
one place, including the Embodied and Operational Carbon.
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Why Assess Whole Life
Carbon?
Assessing Whole Life Carbon in its entirety provides designers
and organisations with a complete view of the carbon impacts of
an asset. This methodology accounts for all emissions across the
asset’s entire life cycle, enabling design with minimum overall
environmental impact.

In the built environment there is an interdependence between
Embodied Carbon and Operational Carbon. As such, assessing
Whole Life Carbon is the only way to fully understand the
trade-offs between the emissions associated with Embodied
and Operational Carbon.

Approaching carbon reduction from a siloed perspective - by
focussing only on Upfront Carbon for example - may lead to a
negative environmental outcome. Selecting materials and
products based solely on lower Upfront Carbon impacts without
accounting for durability (use phase) may lead to higher Whole
Life Carbon impacts. In contrast, materials with higher Upfront
Carbon impacts but superior durability could result in lower
overall environmental impacts due to reduced refurbishment
and replacement needs.

Therefore, by addressing areas in silos these trade-offs will not
be appropriately considered and there is a real potential and a
high likelihood that decisions to reduce Embodied Carbon or
Operational Carbon in isolation will lead to higher carbon
emission outcomes overall. The Whole Life Carbon methodology
addresses this limitation by allowing inherent trade-offs to be
assessed and understood, producing the best result for the
planet.

Additionally, and perhaps most importantly, the risk arising from
failing to adopt the Whole Life Carbon approach is slower
decarbonisation.

One of the key advantages of assessing Whole Life Carbon is
that the relative quantum of reduction for Operational
Carbon strategies can be seen side by side with Upfront
Carbon and Embodied Carbon strategies. This empowers
designers to deploy limited capital resources effectively in
reducing carbon emissions. Without this visibility, designers
are at risk of funding strategies that have lower efficacy,
thereby slowing the transition to a low-carbon future.
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Risks of Using Upfront Carbon as a
Proxy for Embodied Carbon
When determining the products and materials in the
construction of an asset, relying solely on Upfront Carbon results
to estimate the Embodied Carbon over an asset’s service life
carries with it risks. The largest of these risks is omitting vital
information on recurring impacts. The selection of a low Upfront
Carbon material or product that requires significant
maintenance or frequent replacement may result in higher
Embodied Carbon impacts over the building’s full service life.

It is often assumed that Upfront Carbon constitutes the majority
of the Embodied Carbon in an asset. This can be the case,
however, it is not always true. In instances where a building
makes use of high Embodied Carbon products with short service
lives (relative to the service life of the asset) such as solar PV,
refrigerant gases in HVAC systems, and carpets, it is often the
case that the recurring impacts of these items contribute a
significant proportion of the Embodied Carbon of a whole
project. This is explored in more detail with modelled examples
later in the article.

Risk of Assessing Embodied Carbon
in Isolation fromWhole Life Carbon
There is a significant risk in separating Embodied Carbon and
Operational Carbon emissions due to the inseparable
relationship between the two. The following examples come from
different project types utilising a variety of low carbon design
strategies. They illustrate how projects can be susceptible to the
above risks when focusing on life cycle assessment modules in
isolation.

Design Scenario 1: Thermally Efficient Building
Envelope

Strategies such as double and triple glazed windows, air
tightness measures, and natural ventilation all increase
Embodied Carbon within a building. In some cases this can be
significant; the dual facade systems required for naturally
ventilated commercial buildings have significant additional
embodied impacts due to the large quantities of additional steel,
glass, and aluminium. However, these increases typically have 1-3
year environmental payback periods in Operational Carbon
savings based on contemporary grid intensity (even on lower
intensity grids such as the UK or NZ). Therefore, whilst there is an
initial increase in Upfront Carbon emissions, these solutions will
reduce the Whole Life Carbon released to the atmosphere over
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the life of the building. The consideration of efficient building
envelope strategies would be far less favourable for design
teams aiming only to meet an embodied target.

Table 1 and Figure 1 illustrate this point through the comparison
of a standard building envelope versus a high performance
building envelope. The project data included below is a
lightweight timber construction for a single residential building
located in Victoria, Australia, with a study period of 65 years. In
this example, the higher performance building envelope includes
double glazing in place of single glazing and the inclusion of a
heat recovery ventilation system.

The inclusion of the more substantial glazing and the heat
recovery ventilation system produce a small increase in the
Embodied Carbon categories. However, the reduction in
emissions from Operational Carbon as a consequence of the
improvements in the building envelope outstrip the increase in
Embodied Carbon. Consequently, the Whole Life Carbon
emissions are lower in the high performance building envelope
scenario.

In addition, the results from the LCA study below illustrate how
the Embodied Carbon impacts are distributed across modules
A1-A5, B1-B5, and C1-C4, rather than being predominantly
contained in Upfront Carbon (A1-A5). The recurring and end of
life impacts account for around 75% of Embodied Carbon
emissions.

Table 1. GWP Impacts in kgCO2e / m2 GFA between two designs of the same building -
one scenario utilising a standard building envelope, one scenario with a high performance
building envelope. The study period is 65 years.

*EN 15978 Whole Life Carbon figures include module D and therefore does not equal the
sum of Embodied Carbon and Operational Carbon.
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Design
Scenario

GWP Impacts (kgCO2e/m2)

Upfront
Carbon

Embodied
Carbon

Operational
Carbon

Whole Life
Carbon*

Standard
Building
Envelope

73 333 892 1,206

High
Performance
Building
Envelope

76 342 790 1,112

Change in
GWP
Impacts

+3 +9 -102 -94



Figure 1. GWP Impacts in kgCO2e / m2 GFA comparing two design scenarios of the same
building across four LCA phases - Upfront Carbon, Embodied Carbon, Operational
Carbon, EN 15978 Whole Life Carbon. One design scenario utilises a standard building
envelope, one scenario utilises a high performance building envelope. The study period is
65 years.

Design Scenario 2: Onsite Renewables

Solar PV systems, even on low carbon intensity grids around the
world, are an effective method of reducing Whole Life Carbon
emissions. Distributed renewables are also a key part of the grid
decarbonisation strategy. The upfront and recurring Embodied
Carbon impacts associated with solar PV can be very significant
at the building level, making substantial installations of onsite

renewables far less favourable for design teams required to meet
siloed Embodied Carbon targets.

The data displayed in Table 2 and Figure 2 is taken from a three
bedroom small residential house project. This small residential
building is a lightweight timber frame construction located in
Victoria. The LCA has a study period of 95 years. The two design
scenarios included below show the GWP impacts for a scenario
with no photovoltaic capacity and another with a 7.4kW solar PV
system. The scenarios in this example are modelled on the
Victorian residential electricity grid in Australia. Although not
included in this analysis, electricity grid decarbonisation
projections can also be modelled in Whole Life Cycle
assessments to estimate the operational gains throughout the
project lifespan.

The figures displayed in the table and chart show a negative
result for Upfront and Embodied Carbon as a result of the
addition of materials associated with the panels. If a project is
targeting credits in an Embodied Carbon only rating scheme,
design teams may decide against installing photovoltaics in
order to achieve credits. Additionally, the results help to identify
the significance of Embodied Carbon impacts through the
service life of the project with modules B1-B5 and C1-C4 making
up 70% of the Embodied Carbon in the photovoltaic design
scenario.
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When the Whole Life Carbon results are consulted, the decision
to fit a solar PV system becomes clear. Across the project’s
service life, utilising solar PV leads to lower carbon emissions
than not using it. The benefits of reduced reliance on the grid for
the energy demands of the building outstrip the Upfront Carbon
and Embodied Carbon impacts, even with the fairly regular
replacement intervals associated with solar PV systems.

Design
Scenario

GWP Impacts (kgCO2e/m2)

Upfront
Carbon

Embodied
Carbon

Operational
Carbon

Whole Life
Carbon*

No
Photovoltai
cs

257 852 2,411 3,233

Photovoltai
cs

309 1,058 1,533 964

Change in
GWP
Impacts

+52 +206 -877 -2,269

Table 2. GWP impacts in kgCO2e / m2 GFA between two designs of the same building -
one scenario utilising photovoltaics, one scenario excluding them. The study period was
set to 95 years.

*EN 15978 Whole Life Carbon figures contain module D and therefore does not equal the
sum of Embodied Carbon and Operational Carbon.

Figure 2. GWP Impacts in kgCO2e / m2 GFA comparing two design scenarios of the same
building across four LCA phases - Upfront Carbon, Embodied Carbon, Operational
Carbon, Whole Life Carbon. One design scenario has no photovoltaics, the other scenario
utilises photovoltaics. The study period is 95 years.

Design Scenario 3: Heat Pump Refrigerants

This example illustrates the importance of assessing impacts
over the life cycle of the asset by investigating alternative
options of refrigerant gases used in heat pumps. The example
below shows the impacts of a large office building located in
New South Wales, Australia. The building is modelled as a
reinforced concrete frame and upper floors with reinforced
concrete substructure and basement car park. The study period
is 60 years.
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It is well understood that heat pumps are an efficient HVAC
solution that can operate off electricity and therefore do not rely
on the direct combustion of fossil fuels such as gas boilers.
However, the Whole Life Carbon approach remains important
when assessing different types of heat pumps. This is due to
the recurring impacts associated with leakage and disposal of
refrigerant gases. The short service life of heat pumps and
consistent leakage from heat pumps can contribute to
significant recurring impacts.

Table 3 and Figure 3 show the results of an LCA study comparing
heat pump refrigerants. One scenario models a heat pump
utilising R410a as the refrigerant gas and the other using R744
(CO2). R410a has a GWP of around 2000 times that of R744 and
therefore R744 is clearly the preferred refrigerant. However, this
decision is not teased out in the Upfront Carbon results. It is only
when the Embodied Carbon results over the 60 year study
period are consulted and impacts associated with leakage and
end of life treatment is considered, that the benefits of selecting
a heat pump that uses R744 become clear, again illustrating the
benefits of Whole Life Carbon.

Design
Scenario

GWP Impacts (kgCO2e/m2)

Upfront
Carbon

Embodied
Carbon

Operational
Carbon

Whole Life
Carbon*

R410a 818 1,303 3,049 4,309

R744 817 1,137 3,049 4,142

Change in
GWP
Impacts

-1 -166 0 -167

Table 3. GWP impacts in kgCO2e / m2 GFA between two designs of the same building -
one scenario utilising R410a as the heat pump refrigerant, one scenario utilising R744 as
the heat pump refrigerant. The study period was set to 60 years.

*EN 15978 Whole Life Carbon figures contain module D impacts and therefore do not
equal the sum of Embodied Carbon and Operational Carbon figures.

Figure 3. GWP Impacts in kgCO2e / m2 GFA comparing two design scenarios of the same
building across four LCA phases - Upfront Carbon, Embodied Carbon, Operational
Carbon, Whole Life Carbon. One design scenario utilises R410a as the heat pump
refrigerant, one scenario utilises R744 as the heat pump refrigerant. The study period is
60 years.
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Design Scenario 4: Cladding Thermal
Performance

This design shows the impacts across the various carbon
categories for a large retail facility located in New Zealand. The
building is a structural steel frame construction with reinforced
concrete external walls and insulated panel cladding. The LCA
has a study period of 60 years. The improved thermal
performance building envelope is achieved through the selection
of a high performance insulation cladding system which reduced
the operational demands for heating.

The Global Warming Potential impacts displayed in Table 4
demonstrates that the improved thermal envelope for the
building produces an increase in both the Upfront Carbon
impacts and the Embodied Carbon impacts. Without
considering the impact on the Operational Carbon for the
improved envelope design scenario, the design team would be
dissuaded from selecting the higher performing cladding
product - at the expense of the planet.

In addition, the difference in Global Warming Potential impacts
between Upfront Carbon and Embodied Carbon further
highlights the importance of assessing carbon across all life
cycle modules. For both design scenarios, the Embodied Carbon
impacts are more than double the Upfront Carbon. In this
project, this is mainly driven by the replacement of

photovoltaics, the leakage and replacement of refrigerants, the
maintenance of the car park, and the End of Life impacts.

Design
Scenario

GWP Impacts (kgCO2e/m2)

Upfront
Carbon

Embodied
Carbon

Operational
Carbon

Whole Life
Carbon*

Standard
Envelope

483 1,093 1,461 2,087

Improved
Envelope

487 1,097 1,336 1,966

Change in
GWP
Impacts

+4 +4 -125 -121

Table 4. GWP impacts in kgCO2e / m2 GFA between two designs of the same building -
one scenario utilising a standard thermal envelope, one scenario utilising an improved
thermal envelope. The study period is 60 years.

*Whole Life Carbon figures contain module D and therefore does not equal the sum of
Embodied Carbon and Operational Carbon
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Figure 4. GWP Impacts in kgCO2e / m2 GFA comparing two design scenarios of the same
building across four LCA phases - Upfront Carbon, Embodied Carbon, Operational
Carbon, Whole Life Carbon. One design scenario utilises a standard thermal performance
cladding system, the other scenario utilises a high performance thermal cladding system.
The study period is 60 years.

As evidenced by the four examples above, setting limits and
targets for Upfront Carbon, Embodied Carbon, and Operational
Carbon separately could lead to:

● Penalising net zero or very low carbon buildings that
aggressively pursue low life-cycle carbon strategies if
these strategies increase Upfront Carbon impacts.

● Decisions being taken that are fundamentally more
damaging to the planet than other viable alternatives.

Conclusion
Whilst the importance of Embodied Carbon cannot be disputed
- and will become increasingly important as electricity grids
continue to decarbonise - it is vital that Embodied Carbon is not
prioritised over Whole Life Carbon. If the built environment is to
decarbonise as quickly as possible, the impacts of strategies
need to be considered across the whole life of a project to
enable the lowest carbon solutions to be found.

It is true in many of the examples included in this article that
significant impacts sit in the Embodied Carbon category, which
further highlights the importance of addressing Life Cycle
Assessment through the lens of Whole Life Carbon.

Adopting a holistic approach on carbon assessment is essential
in gaining a comprehensive understanding of the trade-offs
between Upfront Carbon and Embodied Carbon, as well as
Embodied Carbon and Whole Life Carbon. Without this full
understanding, design teams may make decisions in the short
term that contribute to the climate crisis in the long term.

Therefore, it is recommended that Life Cycle Assessments (LCA)
are conducted to gain a comprehensive understanding of the
carbon impacts of the built environment and capital investment
is deployed effectively in strategies that have higher efficacy,
thereby accelerating the transition to a low-carbon future.
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