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Glossary
Glossary Definition

Artificial Intelligence 
(AI) workloads

Compute tasks that use artificial intelligence and machine learning models, typically 
requiring high-density graphic processing units (GPU) or accelerator hardware and 
driving elevated power, cooling and embodied carbon demand in data centres 

Central Processing 
Unit (CPU)

The primary component of a computer responsible for executing instructions from 
software, performing calculations, and managing data flow.

Cloud computing  The delivery of computing resources such as servers, storage, databases and 
applications over the internet from large-scale data centres, with users consuming 
these services on demand rather than owning physical infrastructure. 

Colocation 
(colocation facility)

 A data centre business model where a third-party operator builds and runs the facility 
and leases space, power and cooling to multiple tenants who install and manage their 
own IT hardware. 

Computational 
infrastructure 

The core IT hardware inside a data centre, including servers, storage, 
networking equipment and AI accelerators, which has short refresh cycles and 
significant embodied carbon due to resource and energy intensive manufacturing. 

Compute Refers to the processing power and computational resources provided by servers, 
CPUs, GPUs, and accelerators within a data centre to execute workloads, run 
applications, and perform calculations for cloud services, AI, and data processing.   

Cooling plant The combination of chillers, cooling towers, dry coolers, pumps, coils, pipework, 
fans, air handling units and controls that provide cooling to data halls and IT 
equipment, representing a major source of both operational and embodied carbon. 

Data hall  The secure room within a data centre that houses racks of servers and other 
computational infrastructure, often designed for high power density and carefully 
controlled temperature and humidity. 

Embodied Carbon  Embodied carbon refers to the carbon impacts of construction including the emissions 
associated with the manufacturing of materials (A1-A5), maintenance of the built 
asset(B1-B5), and end of life (C1-C4) of a building or infrastructure project. 

Environmental 
Product Declaration 
(EPD)

An independently verified and registered document that transparently 
communicates standardised, quantified data about a product’s environmental impact 
across its entire lifecycle, from raw material extraction to disposal. 

Graphic Processing 
Units (GPU) 

A specialised electronic circuit designed for rapid parallel processing. GPUs accelerate 
workloads like Artificial Intelligence (AI), machine learning, and scientific computing.

Hyperscaler A very large cloud and digital services provider that builds and operates massive, 
highly standardised data centres and cloud platforms on a global scale (e.g. major 
public cloud companies). 

IT capacity (kW of IT)  The electrical power available to run computational infrastructure (servers, storage, 
networking) in a data centre, used as a functional unit for metrics such as tCO₂ per 
kW of IT. 

Life-Cycle 
Assessment (LCA)

 A structured method for quantifying the potential environmental impacts of a 
product, process or service across its entire life, from raw material extraction through 
manufacturing, distribution, use, and endoflife treatment such as recycling or disposal.   

Glossary Definition

Liquid cooling / 
immersion cooling

Advanced cooling approaches that use liquids in direct or close contact with IT 
hardware (e.g. immersion baths or cold plates) to remove heat from high-density 
racks more efficiently, with distinct embodied carbon profiles compared to aircooled 
systems. 

Redundancy A redundancy configuration where a data centre has the capacity required to support 
the load (N, the number of units providing that capacity) plus a defined amount 
of additional capacity (e.g. +1 one extra unit) to ensure resilience against equipment 
failures.

Power Usage 
Effectiveness (PUE)

A common data centre efficiency metric calculated as total facility energy divided 
by IT equipment energy, indicating how much overhead energy is used for cooling, 
power distribution and other systems. 

Product Carbon 
Footprints (PCFs)

An independently verified and registered document that transparently 
communicates standardised, quantified data about a product’s carbon emissions 
impact across its entire lifecycle, from raw material extraction to disposal. 

Rack (server rack) A standardised frame or cabinet in a data hall that houses servers and other IT 
hardware, typically rated by the maximum power (kW per rack) it uses under peak load 
conditions. 

SF₆ Sulfur hexafluoride is a synthetic gas used primarily as an electrical insulator in high 
and mediumvoltage switchgear that provides control points in the distribution and 
transmission of electricity. It is extremely effective at preventing electrical arcing but 
has a very high global warming potential. 

Thermal flexibility (in 
data halls)

The ability to operate data halls across a wider temperature and humidity range.

TM65 CIBSE Technical Memorandum 65 is a 2021 methodology for calculating the 
embodied carbon of building engineering products (HVAC, lighting, etc.) when no 
Environmental Product Declaration (EPD) or Product Carbon Footprint (PCF) is 
available. It allows manufacturers to calculate total carbon emissions from material 
extraction to disposal.

Uptime (service level) The proportion of time a data centre’s services remain available, often guaranteed in 
SLAs and driving design decisions around redundancy, resilience and system sizing. 

Water Usage 
Effectiveness (WUE)

A metric that quantifies the amount of water used by a data centre per unit of IT 
energy consumption, used to assess and manage water efficiency as a complement to 
PUE. 

Whole-life carbon 
assessment (WLCA)

An assessment of both operational and embodied carbon over the entire life of an 
asset.
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Acronym / Abbreviation Definition
AI Artificial Intelligence
ASRS Australian Sustainability Reporting Standards
AWS Amazon Web Services
CIBSE Chartered Institution of Building Services Engineers
CO₂ Carbon Dioxide
CO₂e Carbon Dioxide Equivalent
CPU Central Processing Unit
DBI Decarbonising the Building Industry Research Network
ECR Embodied Carbon Ratio
EN 15978 European Standard for the Assessment of Environmental Performance of Buildings

EPD Environmental Product Declaration
EU European Union
GBCA Green Building Council of Australia
GPU Graphic Processing Unit
GWP Global Warming Potential
HPC High-Performance Computing
ISF Institute for Sustainable Futures
ISO International Organisation for Standardization
IT Information Technology
kgCO₂e/m² Kilograms of Carbon Dioxide Equivalent per Square Metre
kW Kilowatt
LCA Life-Cycle Assessment
MECLA Materials Embodied Carbon Leaders’ Alliance
MEP Mechanical, Electrical and Plumbing
NABERS National Australian Building Environment Rating Scheme
NSW New South Wales
NZCBS Net Zero Carbon Buildings Standard
PCF Product Carbon Footprint
PUE Power Usage Effectiveness
R&D Research and Development
RICS Royal Institution of Chartered Surveyors
SF₆ Sulfur Hexafluoride
SLA Service Level Agreement
tCO₂ Tonnes of Carbon Dioxide
tCO₂e Tonnes of Carbon Dioxide Equivalent
TM65 CIBSE Technical Memorandum 65
UTS University of Technology Sydney
WLCA Whole-Life Carbon Assessment
WUE Water Usage Effectiveness
WWF World Wide Fund for Nature

Acronyms & Abbreviations

Photo courtesy of AirTrunk.
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Acronyms & Abbreviations
This includes focusing on challenges to reduce the 
embodied carbon in various components of the 
assets, contemporary strategies being implemented 
to minimise embodied carbon, the relationship 
between energy efficiency, water efficiency, and 
embodied carbon, and Scope 3 accountability across 
the data centre supply chain. It also situates embodied 
carbon within the broader technological transition 
underway, a result of the changing and fast-growing 
digital infrastructure demand of AI.

Global demand for digital infrastructure, particularly 
driven by AI computing, is reshaping the built 
environment and transforming the sector’s 
energy and emissions, with annual spending on 
data centres projected to approach $3trn by 
20291. 60% of total growth in data centre power 
demand from 2023 to 2028 is expected to come 
from compute for AI workloads, reflecting the shift to 
more intensive, Graphic Processing Unit (GPU)driven 
architectures2. As a result, global cloud computing 
emissions are now estimated to exceed those from 
commercial aviation, underscoring the climate 
significance of this infrastructure class3. 

1	 Allianz Commercial. “The Data Center Construction Boom: Emerging Risk Trends in the Global Buildout.” Allianz Commercial, 2025. https://commercial.allianz.com/
content/dam/onemarketing/commercial/commercial/reports/commercial-data-center-construction-risks.pdf.;Morgan Stanley. “GenAI Revenue Growth and Profitability.” 
Morgan Stanley, 4 March 2025. https://www.morganstanley.com/insights/articles/genai-revenue-growth-and-profitability. 
2	 Edward Ansett, and Sa’ad Ahmed. “Developing Sustainable Data Centres: A Strategic Roadmap to Achieve Net Zero Carbon and Reduce Environmental Impact.” 
Ramboll, 23 September 2025. https://www.ramboll.com/insights/decarbonise-for-net-zero/how-to-develop-sustainable-data-centres. 
3	 Climatiq. “Measuring Greenhouse Gas Emissions in Data Centers: The Environmental Impact of Cloud Computing.” Climatiq, December 2025. https://www.climatiq.
io/blog/measure-greenhouse-gas-emissions-carbon-data-centres-cloud-computing. 
4	 Stephen Beard. Global Data Centres Report 2025: Capital, Power, and Innovation — The Shifting Landscape of Global Data Centres. London: Knight Frank, 2025. https://
content.knightfrank.com/research/2982/documents/en/data-centres-global-report-2025-12054.pdf.
5	 Australian Trade and Investment Commission (Austrade). “Artificial Intelligence and Data Centres.” Austrade, n.d. https://international.austrade.gov.au/en/do-business-
with-australia/sectors/technology/ai-and-data-centres.
6	 CarbonBetter. “Decarbonizing Data Centers.” CarbonBetter, 24 June 2025. https://carbonbetter.com/story/decarbonizing-data-centers/.

Australia is one of the largest investment 
locations for data centre development in the 
world4. Australia attracts data centre developers 
due to its stable political climate, robust regulatory 
framework, and competitive advantages in renewable 
energy resources, positioning it as a potential AI 
and digital infrastructure hub in the Asia-Pacific 

Region5. Australia also offers competitive construction 
and operational costs, alongside strong commitments 
to renewable energy development providing credible 
pathways to corporates and their commitments. States 
like New South Wales and Victoria are streamlining 
approvals, while geographic advantages and proximity to 
undersea cables enhance efficiency and connectivity.

Over the past decade, data centre industry focus has 
been dominated by operational efficiency, renewable 
energy procurement, and water consumption 
efficiency. Performance metrics such as Power Usage 
Effectiveness (PUE) and Water Usage Effectiveness 
(WUE) have become central to how industry, 
investors and regulators understand and manage the 
environmental impacts of data centres6. 

1. Introduction

This report explores embodied carbon in data centre construction as a 
distinct, material and manageable component of the sector’s climate footprint. 
The focus is on the current state-of-play in data centre development in 
Australia and globally when it comes to embodied carbon. 

The large amount of power 
reticulated at standard voltages 
(415V 3-phase) is one reason 
that AWS focuses on copper 
and aluminum decarbonization. 
Photo courtesy of AWS.
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Globally, hyperscalers – large cloud and digital 
service providers – meet approximately 91% of their 
total energy needs from renewable sources, while 
third-party data centres have reached about 62%7. 
This evolution has been underpinned by sustained 
attention to PUE, access to renewable energy 
sources through Power Purchase agreements and 
grid decarbonisation, consistent with longstanding 
guidance that prioritises operational energy as the main 
lever in data centre sustainability strategies. Energy use 
remains the primary source of emissions over the asset’s 
life, due to the amount of energy used to operate data 
centres. 

At the same time, the embodied carbon associated 
with constructing data centres—while historically a 
smaller share of total lifecycle impact due to high 
operational energy and water use—is a topic becoming 
significantly more important8. Data centre developers are 
responding to the demands of businesses, government, 
and the public in a rapidly growing sector. As the market 
for these assets grows many developers have made 
public 2030 or 2040 net zero commitments to address 
sustainability as a key consideration. 

Embodied carbon presents a distinct challenge because 
of their unique typologies and technical systems. 
Compared with other building types of a similar size, 
data centres can have unusually high embodied carbon 
due to the scale and complexity of mechanical, electrical 
and plumbing (MEP) systems, elevated wall-to-floor 
ratios, and the density of IT equipment that data centres 
are designed to support.

7	 European Data Centre Association (EUDCA). State of European Data Centres 2025. Brussels: EUDCA, March 2025. https://www.eudca.org/documents/content/
uQL3OzUuRMuu0N1NuXqVego15.
8	 European Data Centre Association (EUDCA). State of European Data Centres 2025. Brussels: EUDCA, March 2025. https://www.eudca.org/documents/content/
uQL3OzUuRMuu0N1NuXqVego15. 
9	 European Data Centre Association (EUDCA). State of European Data Centres 2025. Brussels: EUDCA, March 2025. https://www.eudca.org/documents/content/
uQL3OzUuRMuu0N1NuXqVego15. 
10 Arup. “How Whole Life Carbon Emissions Assessments Will Reshape Data Centres.” Arup, 5 October 2022. https://www.arup.com/insights/how-whole-life-carbon-
emissions-assessments-will-reshape-data-centres/. 

Whole-life carbon assessments (WLCAs) structured in 
accordance with EN 15978 offer a consistent framework 
for capturing these impacts across the lifecycle, and 
several industry bodies are now targeting a 40% 
reduction in embodied carbon by 2030 alongside net 
zero operational goals9.

Yet there are real risks that the speed of development 
and the intensity of demand for new capacity could lock 
in highcarbon solutions if embodied carbon impacts are 
not explicitly integrated into investment, design and 
procurement decisions10. 

As Australia positions itself as a market leading location 
for sustainable data centre development it is crucial 
that industry practice and the government policy 
environment combine to support the delivery of 
sustainable data centre assets that address embodied 
carbon alongside energy and water sustainability 
considerations. Furthermore, data centres are profitable 
assets attractive to financiers, and many developers are 
motivated to reduce their embodied carbon emissions 
because of their corporate sustainability commitments. 
Opportunities exist for data centre developers to engage 
their supply chains and drive innovation in design and 
raw material sourcing, and to build further public-
private partnerships to make durable contributions to 
the decarbonisation of upstream sectors. 

Figure 1: What is PUE & WUE?
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Research was conducted by the Materials Embodied 
Carbon Leaders’ Alliance (MECLA) through Climate 
KIC Australia and the Institute for Sustainable 
Futures (ISF) at University Technology Sydney.  

MECLA is an alliance of over 200 industry, research and 
government organisations collaborating to reduce embodied carbon in 
Australia’s built environment. MECLA is managed by Climate KIC Australia, 
WWF Australia, and Presync.

Climate KIC Australia, based at the University of Technology’s Institute for 
Sustainable Futures, brings people together to catalyse systems change. 
We combine research and systems innovation practice to design initiatives 
that turn climate ambition into impact. As part of the global Climate KIC 
network, we partner across value chains, sectors and places to enable 
transformational change.

The research was supported by the Decarbonising the Building Industry 
(DBI) Research Network from the University of Melbourne. DBI is 
a collaborative network uniting researchers, industry experts and 
policymakers to innovate and implement green solutions for urban 
development.

The report presents findings from a combination of research activities, 
including desktop research and a series of workshops delivered throughout 
the second half of 2025. Relevant stakeholders from across the supply 
chain of data centre construction in Australia were engaged through the 
MECLA network, with over 70 industry professionals engaged on the topic 
across all three workshops. The workshop results are captured alongside 
other research activities and industry engagement within the report.  

Figure 2: A breakdown of the 70 industry stakeholders by role in data centre construction. 

Whilst the findings and recommendations in this report have been drawn 
by the author and incorporate input from multiple member organisations, 
MECLA extends particular thanks to AWS and AirTrunk for their technical 
advice throughout the process.

1.2 About the 
Research and 
Report 

Embodied Carbon refers to the carbon impacts of 
construction (A1-A5), maintenance (B1-B5), and end 
of life (C1-C4) of a building or infrastructure project. 
The below figure outlines the different phases of a 
project lifecycle and the terminology used to define 
each subsection when discussing carbon impacts.  

As shown, embodied carbon does not include the operational energy and 
water used in an asset project lifecycle, or the circular economy benefits 
from re-using or recycling building components or materials elsewhere at 
end-of-life. 

Upfront carbon, or carbon spent in the construction phase of a project (A1-
A5), includes the carbon impacts of materials, transport and assembly.  

Overall, when discussing embodied carbon, most of the carbon is locked 
in at this early part of the project lifecycle, when the asset is being 
planned, designed and built before the building is operational.

1.3 What is 
Embodied 
Carbon?

Figure 3: Visual representation of EN15978, a standard methodology for assessing environmental performance of buildings which es-
tablishes a common framework covering all lifecycle stages (A-D). 
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Whole of life carbon assessments (WLCAs) of data centres demonstrate a 
different embodied carbon profile compared to other building types11.  This report 
focuses on three key aspects of a data centre’s embodied carbon footprint: the 
mechanical, electrical and plumbing (MEP), the civil, structural and architectural 
components (referred to as structural in this report), and the computational 
infrastructure inside the data centre. Together, these components represent the 
majority of the embodied carbon impact of the asset across its lifecycle.  

Life Cycle Assessment (LCA) data discussed here does not include computational infrastructure. It is limited to the 
structural elements of data centres, fit-out, facades and MEP. More information on computational infrastructure and 
reasons why it is often treated separately can be found in section 2.4.

Mechanical, electrical and plumbing (MEP) systems—particularly switchgear, chillers, cooling systems, and generators—
contain highcarbon materials such as steel, copper, and aluminium with significant upstream emissions. It is estimated 
that up to 60% of the upfront embodied carbon in data centres is associated with MEP, and for whole-of-life, this number 
goes up to 90% of cumulative embodied carbon emissions12.  

Structural elements, like reinforced concrete and steel framing, are the second largest contributors 
to the embodied carbon profile of data centre construction. Weighty IT equipment and backup 
generators require additional structural material, increasing the carbon cost. Overall, the substructure and 
superstructure account for 34% of the upfront carbon13. Combined, MEP and structural considerations cover most of the 
embodied carbon considerations in construction. 

 

Figure 4: Lifecycle assessment of upfront embodied carbon completed by Ramboll14 comparing an office building and a data centre 

11  Arup. “How Whole Life Carbon Emissions Assessments Will Reshape Data Centres.” Arup, 5 October 2022. https://www.arup.com/insights/how-whole-life-carbon-
emissions-assessments-will-reshape-data-centres/.
12  Sharma et al. “Hidden Emissions of the Cloud: Examining Embodied Carbon and Cost Impacts of Data Center Cooling Technologies.” Introba, November 2023. https://
www.introba.com/news/hidden-emissions-cloud.
13  Edward Ansett, and Sa’ad Ahmed. “Developing Sustainable Data Centres: A Strategic Roadmap to Achieve Net Zero Carbon and Reduce Environmental Impact.” Ramboll, 
23 September, 2025. https://www.ramboll.com/insights/decarbonise-for-net-zero/how-to-develop-sustainable-data-centres. 
14  Edward Ansett, and Sa’ad Ahmed. “Developing Sustainable Data Centres: A Strategic Roadmap to Achieve Net Zero Carbon and Reduce Environmental Impact.” Ramboll, 
23 September 2025. https://www.ramboll.com/insights/decarbonise-for-net-zero/how-to-develop-sustainable-data-centres. 

2. Embodied Carbon in Data Centres From a construction perspective, computational infrastructure is often not included in embodied carbon considerations. 
IT equipment is often treated separately. Varied contractual and usage arrangements around data centres mean 
different entities are responsible for the facility build and operation while others are responsible for the IT within. 
However, the emissions profile of IT infrastructure is significant. These assets require frequent refresh cycles and draw 
upon resource-intensive global supply chains, making their embodied emissions a dynamic, less transparent, and hard 
to influence aspect of total impact. The following three sections of the report explore the embodied carbon profiles 
of the MEP, structural and computational infrastructure components of data centres. They include strategies currently 
being implemented by industry to reduce the embodied carbon, as well as barriers obstructing industry’s ability 
to further reduce the embodied carbon.

 

MEP

Structure

Computational Infrastructure

3.4

6.0

3.0

4.1

1 10

Industry stakeholders were surveyed across all three areas (MEP, structure, & computational infrastructure) 
on how they rated current capabilities in Australia to deliver low embodied carbon outcomes in data 
centre construction on a scale of 1-10, with 10 being highly capable. Confidence to decarbonise structural 
components is significantly higher than either MEP or IT infrastructure. 

Figure 5: Industry confidence in decarbonising the three key embodied carbon areas in data centres based on survey in workshops
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Barriers and Challenges to Reducing Embodied 
Carbon in MEP 

•	 Lack of product-specific data 
•	 Rapid MEP advancements outpace slow, 

expensive EPD/LCA processes 
•	 Complex global supply chains 
•	 Bespoke project configurations 
•	 Procurement and construction speed 
•	 Rigid client requirements and/or thermal 

service level agreements 

Figure 6: Strategies and barriers for reducing embodied carbon in data centres 

Strategies and Barriers

Strategies for Reducing Embodied Carbon in Structural Components 

•	 Design optimisations such as adjusting spans to reduce structural steel 
tonnage 

•	 Engage contractors and structural engineers early and target 
procurement of low carbon materials 

•	 Use extended service life materials with lower replacement requirements 
•	 Single-storey, on-grade data halls to reduce structural material needs 

Strategies for Reducing Embodied Carbon in 
Computational Infrastructure 

•	 Reduce refresh cycles and increase server utilisation 
•	 Deploy higher power density racks 
•	 Engage vendors for increased data transparency 
•	 Reuse of hardware devices or subcomponents

Barriers and Challenges to Reducing Embodied Carbon in Computational 
Infrastructure 

•	 Very limited transparency, benchmarks, or public data on embodied carbon
•	 AI chips are more complex, using rare earths, high-purity silicon, cobalt and 

requiring additional lithography, etching and packaging steps
•	 AI demands shorter lifecycles, rapid upgrades and denser hotter racks 

needing advanced cooling like immersion 
•	 Computational infrastructure is often deployed/managed by separate 

organisations to the developers/constructors 
•	 Lack of domestic e-waste recovery and high-value materials recycling 

hinders circular IT strategies 
•	 Decarbonisation levers require 10–15-year systemic shifts beyond 	

project control

Embodied Carbon Reduction Strategies for MEP 

•	 Improve PUE and increase IT power utilisation 
•	 Practice strategic minimisation and avoid overbuilding 
•	 Raise allowable data hall temperatures and humidity conditions 
•	 Rationalise redundancy power architectures and focus on 

meeting customers’ performance needs 
•	 Incorporate air-side economizer / free-cooling modes 
•	 Involve sustainability teams, procurement teams, and 

contractors early and explore alternate low-carbon materials, 
cooling strategies, and optimised layouts 

•	 Select SF₆-free switchgear and lower-GWP refrigerants 

Barriers and Challenges to Reducing Embodied Carbon in Structural 
Components 

•	 Land scarcity and zoning force multi-storey data centres 
•	 Program pressure to develop data centres at speed conflicts with the 

use and sourcing of low-carbon materials  
•	 Limited availability and EPD coverage of low-carbon structural products 
•	 Industry lacks baselines/benchmarks for structural embodied carbon 
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MEP equipment has the largest embodied carbon 
impact in data centres. According to a study conducted 
by Introba, over 90% of cumulative whole-of-life 
embodied carbon in data centres is associated with 
MEP and over 95% of these emissions are linked to 
just the top ten pieces of mechanical and electrical 
equipment15.  

Life Cycle Assessment (LCA) data discussed in this section does not 
include computational infrastructure. It is limited to the structural 
elements of the data centre, fit-out, facades, and MEP.

This concentration arises because MEP systems are both 
materialintensive and require regular replacement. MEP equipment 
service life can range from 10-30 years, meaning multiple replacements of 
MEP equipment are required over a 50 or 60-year life cycle16. 
In addition to replacement, where developers pursue refrigerant 
based data hall cooling, refrigerant leakage adds to embodied and 
operational climate impacts, especially when high-GWP refrigerants are 
used. Furthermore, the continual evolution of data centre design and the 
speed of development can also drive the use of high embodied carbon 
systems, increasing MEP embodied carbon intensity. 

15  Sharma et al. “Hidden Emissions of the Cloud: Examining Embodied Carbon and Cost Impacts of 
Data Center Cooling Technologies.” Introba, November 2023. https://www.introba.com/news/hidden-
emissions-cloud. 
16  Edward Ansett, and Sa’ad Ahmed. “Developing Sustainable Data Centres: A Strategic Roadmap to 
Achieve Net Zero Carbon and Reduce Environmental Impact.” Ramboll, 23 September 2025. https://www.
ramboll.com/insights/decarbonise-for-net-zero/how-to-develop-sustainable-data-centres.

2.2 Embodied Carbon 
in Mechanical, Electrical 
and Plumbing (MEP) 

2.2.2 Reduction Strategies for Mechanical, Electrical and 
Plumbing (MEP) 
Reducing MEP embodied carbon requires both technological and designstrategic interventions. 
There are significant differences in the embodied carbon associated with different data hall 
cooling strategies, such as air-cooled chillers, cooling towers, indirect evaporative or direct 
evaporative cooling systems, and immersion cooling systems17. 

Design rationalisations can also help deliver major reductions. Strategic minimisation and 
derisking the design can help reduce material use in MEP systems. When considering resilience 
and redundancy, developers and designers should explore the viability of N+ rather than 2N 
redundancy designs18 to reduce duplication in electrical infrastructure and backup generator 
architectures. 

Relaxed temperature and humidity service level agreements are another lever. Raising allowable 
data hall temperatures and humidities opens opportunities for lower embodied carbon cooling 
architectures and can result in better PUE performance. Higher average utilisation of the available 
IT power reduces the quantity of cooling and electrical equipment on a per kW of IT basis. 

As with other building types, early sustainability input and procurement team involvement during 
the design phase opens opportunities for low carbon options (alternate refrigerants, different 
chiller types, layout choices). This engagement must occur as early as possible to give suppliers 
time to suggest and provide lower carbon solutions. This can lead to lower carbon material 
selection actions such as steel, aluminium, copper, and selecting SF₆free switchgear and lower-GWP 
refrigerants.

Policy in Australia lags behind the EU when it comes to SF₆ which compounds the 
challenge. Sulfur hexafluoride (SF₆) is a synthetic gas used primarily as an electrical insulator 
in high and mediumvoltage switchgear that provides control points in the distribution 
and transmission of electricity. The EU now mandates the rapid phase out of SF₆ to meet 
climate goals19, but Australian companies can still purchase SF₆ switchgear being produced 
by global factories. Without research and development costs to recover and low production 
costs, incentives persist in the Australian market to select the higher GWP but cheaper option. 

Embodied Carbon Reduction Strategies for MEP 

•	 Improve PUE and increase IT power utilisation 
•	 Practice strategic minimisation and avoid overbuilding 
•	 Raise allowable data hall temperatures and humidity conditions 
•	 Rationalise redundancy power architectures and focus on meeting customers’ performance 

needs 
•	 Incorporate air-side economizer / free-cooling modes 
•	 Involve sustainability teams, procurement teams, and contractors early and explore alternate 

low-carbon materials, cooling strategies, and optimised layouts 
•	 Select SF₆-free switchgear and lower-GWP refrigerants 

17 Sharma et al. “Hidden Emissions of the Cloud: Examining Embodied Carbon and Cost Impacts of Data Center Cooling 
Technologies.” Introba, November 2023. https://www.introba.com/news/hidden-emissions-cloud.
18  CoreSite. “What Is Data Center Redundancy? N, N+1, 2N, 2N+1.” CoreSite, n.d. https://www.coresite.com/blog/data-center-
redundancy-n-1-vs-2n-1.
19  European Parliament and Council of the European Union. Regulation (EU) 2024/573 of the European Parliament and of the Council. Official 
Journal of the European Union, 2024. https://eur-lex.europa.eu/eli/reg/2024/573/oj/eng.
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2.2.3 Challenges and Barriers - MEP 
Several barriers and challenges constrain reducing the embodied carbon in MEP. 
Data quality and availability is the fundamental limitation. Lack of product-specific 
manufacturing data such as Environmental Product Declarations (EPDs) for MEP 
is the dominant barrier. Life-cycle assessments (LCAs) are only as good as the data 
underpinning them. Procurement specialists and designers cannot be as effective in 
securing low carbon solutions in the MEP for data centres without third party verified 
environmental data. Furthermore, complex global supply chains challenge traceability 
and make it hard to impose consistent carbon requirements. 

The sector’s continual technological innovation outpaces the slow, expensive 
environmental data process, creating tensions. Some developers have identified that it 
is necessary for them to act without waiting for perfect data.

Bespoke, project-specific systems discourage suppliers from developing 
comprehensive EPDs since each solution is unique to the project specification 
or developer.  Time pressure also matters. Data centres are being built at rapid 
speed. This drives accelerated procurement and construction timelines, limiting the 
ability to conduct engagements with suppliers and ultimately choose lowercarbon 
equipment with longer lead times. TM65 and Product Carbon Footprints (PCFs) 
attempt to alleviate some of these challenges and expedite data availability by 
providing cheaper and faster alternative processes, but the challenge persists. 

Finally, rigid client requirements from some developers and colocation tenants and 
thermal condition service level agreements restrict designers from adopting warmer 
more humid internal design conditions and more efficient cooling strategies, as well as 
reduced redundancy power architectures with equivalent availability performance. 

Barriers and Challenges to reducing embodied carbon in MEP 

•	 Lack of product-specific data 
•	 Rapid MEP advancements outpace slow, expensive EPD/LCA processes 
•	 Complex global supply chains 
•	 Bespoke project configurations 
•	 Procurement and construction speed 
•	 Rigid client requirements and/or thermal service level agreements 

 

Structure and enclosure in data centres represent a major embodied carbon source 
outside of MEP, accounting for 85% of the non-MEP emissions components20. This 
dominance stems from the material intensity of large-scale structural elements like 
reinforced concrete foundations, steel framing, and long-span roofs required to 
support expansive data halls and heavy IT equipment.

20  Sharma et al. “Hidden Emissions of the Cloud: Examining Embodied Carbon and Cost Impacts of Data Center Cooling Technologies.” Introba, November 
2023. https://www.introba.com/news/hidden-emissions-cloud. 

2.3 Embodied Carbon in the Structure & Substructure

Extensive use of flat formats of 
steel (used to manufacture sheet 
steel and hollow sections) is one 
reason that AWS focuses on 
decarbonization of primary iron 
making. Photo courtesy of AWS.
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Case Study: Analysis of embodied carbon emissions associated 
with structural components in data centres

The University of Melbourne conducted an analysis of the embodied carbon 
emissions associated with structural components in a data centre constructed 
using steel and concrete. The findings are displayed below.

Figure 7: Data centre – concrete and steel Figure 8: Data centre – steel components only

GROUP Volume (m³) Weight (tonnes) Embodied Carbon (tCo2e)
Concrete Steel Concrete Steel Concrete Steel Total

FOUNDATIONS 4,138 90 10,345 706 2,510 1,564 4,075
FLOORS 8,405 92 21,014 722 5,099 1,599 6,698
COLUMNS 389 11 973 88 289 195 483
NON-LOAD BEARING 
PRECAST PANELS

533 15 1,332 120 395 266 662

LOAD BEARING PRECAST 
PANELS

3,008 63 7,520 495 2,232 1,097 3,329

STRUCTURAL STEEL 0 71 0 557 0 1,935 1,935

TOTAL 16,474 342 41,184 2,688 10,526 6,657 17,182
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FOUNDATIONS

FLOORS
6,698

COLUMNS
483

NON-LOAD BEARING
PRECAST PANELS 

662

LOAD BEARING
PRECAST PANEL 

3,329

STRUCTURAL STEEL
1,935

Embodied Carbon (tCo2e)

4,075

CONCRETE
61%

STEEL
39%

Embodied Carbon (tCo2e) 

The following are not included in this structural 
embodied carbon calculation:

•	 Facades and Finishes (Doors/Windows, Exterior 
Finishes/Joints, Sheet Roofing, Internal Finishes)

•	 Mechanical Equipment (Cooling Towers, Chiller 
Room Modules, Switchroom Modules, Generators, 
Ducts/Pipes/Cables)

•	 Servers (Servers and Supporting Racks)

* A4 ECF - Locally produced materials, 50km travelled by road (road transport emissions) - AusLCIDatabase, truck 3.5-16t GWT, 0.216 kgCO2et-km
** A5 Waste factor of 5% for concrete and reinforcement steel emissions, based on Embodied Carbon Masurement for Infrastructure (NSW Infrastructure and Transport)

Building Dimensions:	 112 m x 72 m

Total Floor Area: 	 24,000 m2

Typical Floor Height: 	6 m

Total Building Height: 	16.8 m
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2.3.2 Reduction Strategies – Structure & Substructure 
Targeted design and material strategies can substantially lower structural embodied carbon. For example, analysing the 
optimisation of spans to reduce steel tonnage in structural usage can achieve significant embodied carbon reductions21.  

Low carbon materials are also gaining traction.  Following an iMasons Climate Accord22 open letter, the Open Compute 
Project is collaborating with hyperscale companies to test the deployment of green concrete including Google, AWS, 
Meta, and Microsoft23.

Microsoft recently completed the construction of two wood data centres in Virginia, USA. The data centres are made from 
spruce, pine and Douglas fir cross-laminated timber reinforced with steel. This project is projected to lead to a 35% embodied 
carbon reduction compared to conventional steel construction methods and a 65% reduction against precast concrete24. 

Practical approaches to design can also minimise structural embodied carbon. These include designing single storey, 
ongrade data halls which significantly reduce structural steel and concrete. Due to the weight-bearing requirements of 
data halls, multi-storey data centres require significant embodied carbon investment in structural steel and concrete to 
support computational equipment in elevated levels. However, these decisions are influenced by myriad factors beyond 
designing for reduced embodied carbon, and are often driven by how much electrical grid capacity is available and the 
size of appropriately-zoned land parcels. 

Strategies for Reducing Embodied Carbon in Structural Components 
•	 Design optimisations such as adjusting spans to reduce structural steel tonnage 
•	 Engage contractors and structural engineers early and target procurement of low carbon materials 
•	 Use extended service life materials with lower replacement requirements 
•	 Single-storey, on-grade data halls to reduce structural material needs 

2.3.3 Challenges and Barriers – Structure & Substructure 
Structural decarbonisation faces site, supply, and market hurdles. Land scarcity, cost and zoning often force 
multistory data centre builds. Program risks arise and the speed of development can conflict with very lowclinker 
concretes due to slower curing times. Relatedly, the speed-to-market pressures can limit supply chain engagements to 
source low carbon solutions for materials that already have longer lead times. 

Limited availability of EPDs for structural products is less of a challenge compared to MEP, but data availability is still 
varied. The industry also currently lacks clear baselines and benchmarks for structural embodied carbon in data centres. 

Barriers and Challenges to Reducing Embodied Carbon in Structural Components 
•	 Land scarcity and zoning force multi-storey data centres 
•	 Program pressure to develop data centres at speed conflicts with the use and sourcing of low-carbon materials  
•	 Limited availability and EPD coverage of low-carbon structural products 
•	 Industry lacks baselines/benchmarks for structural embodied carbon 

21  Idah Huang, Cundall. “Using Whole Life Carbon Assessment to Optimise Design for Data Centres.” Cundall, 28 August 2023. https://www.cundall.com/ideas/blog/using-
whole-life-carbon-assessment-to-optimise-design-for-data-centres. 
22  Climate Accord. “Greener Concrete for Data Centers: An Open Letter.” Climate Accord, 14 April 2023. https://climateaccord.org/news/greener-concrete-for-data-centers-
an-open-letter/.
23  Niva Yadav, Data Center Dynamics. “Open Compute Trials Green Concrete with Hyperscalers.” Data Center Dynamics, 21 August 2024. https://www.datacenterdynamics.
com/en/news/open-compute-trials-green-concrete-with-hyperscalers/.
24  Sally Beatty, Microsoft. “Microsoft Builds First Datacenters with Wood to Slash Carbon Emissions.” Microsoft Source, 31 October 2024. https://news.microsoft.com/
source/features/sustainability/microsoft-builds-first-datacenters-with-wood-to-slash-carbon-emissions/.

Computational infrastructure in data centres is often 
treated separately in embodied carbon assessments. 
Colocation data centre developers typically don’t have 
ownership or control over IT hardware, which is procured 
and refreshed independently by hyperscaler tenants 
or other colocation clients under separate contractual 
arrangements. 
Furthermore, hyperscalers tend to view data center constructions as discrete 
projects, and IT equipment purchases as a continuous procurement stream - but 
aggregate them together in corporate reporting.

Servers and racks are therefore transient “fit-out” elements with 3-5 
year lifecycles, distinct from the fixed building envelope and MEP systems that 
data centre developers design and maintain over 50-60 years. This separation 
often leads to LCAs being separated into two parallel workstreams, where 
facility-level reporting focuses on structure and MEP with computational 
infrastructure embodied carbon impacts tracked separately.

Despite this, computational infrastructure warrants 
consideration when discussing embodied carbon. Computational infrastructure is 
responsible for significant embodied carbon because of the frequency of 
replacement and the resource intensive manufacturing processes that create it.  

Furthermore, computational infrastructure could be seen as a Scope 3 
downstream consideration for colocation data centre developers. As enablers of the 
computational infrastructure installation and usage, data centre developers could be 
viewed as enabling embodied carbon downstream.   

For AI, the impact is even greater. AI chips are more complex than 
standard central processing units (CPUs). Like CPUs, they rely on advanced 
semiconductor materials such as rare earths, highpurity silicon and cobalt, 
and their manufacture involves multiple lithography, etching and packaging 
steps that consume more energy and resources per chip25. These AI servers 
often run in denser, hotter racks that require advanced cooling systems such 
as direct-to-chip liquid, further increasing associated equipment needs26. The 
rapid pace of AI innovation also drives shorter hardware lifecycles and frequent 
upgrades, amplifying embodied carbon relative to more static systems.  

Approximating the embodied carbon of computational infrastructure 
is an extremely difficult undertaking because accurate, component-level data 
from manufacturers is often unavailable, limiting visibility of the true impact27. 
Supply chains are globalised and entirely offshore. Some hyperscalers are 
estimating the embodied carbon for customers, such as AWS, who have 
updated their Customer Carbon Footprint Tool to include IT hardware28.  

25  Seagate Technology. Decarbonizing Data Report: Data Center Sustainability in the AI Era. Scotts Valley, CA: Seagate 
Technology, April 2025. https://www.seagate.com/au/en/resources/decarbonizing-data-report/. 
26  Seagate Technology. Decarbonizing Data Report: Data Center Sustainability in the AI Era. Scotts Valley, CA: Seagate 
Technology, April 2025. https://www.seagate.com/au/en/resources/decarbonizing-data-report/. 
27  Meta Engineering. “Design for Sustainability: New Design Principles for Reducing IT Hardware Emissions.” Meta 
Engineering Blog, 14 October 2025. https://engineering.fb.com/2025/10/14/data-center-engineering/design-for-
sustainability-new-design-principles-for-reducing-it-hardware-emissions/. 
28  Masciola et al., Amazon Web Services. “How AWS Estimates Embodied Emissions of IT Hardware: The Science 
and Technology Behind the Latest Customer Carbon Footprint Methodology.” AWS Infrastructure Sustainability Blog, 
17 December 2025. https://aws.amazon.com/blogs/infrastructure-sustainability/how-aws-estimates-embodied-
emissions-of-it-hardware-the-science-and-technology-behind-the-latest-customer-carbon-footprint-methodology/.

2.4 Embodied Carbon 
in Computational 
Infrastructure
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Embodied Carbon of Computational Infrastructure 

NVIDIA have released a Product Carbon Footprint analysis of their NVIDIA HGX 
B200 baseboard. HGX B200 is a preintegrated server module that carries eight 
NVIDIA Blackwell B200 datacenter GPUs each with 180 GB of HBM3E memory, 
and uses NVIDIA NVLink™ and NVIDIA® NVSwitch™ for high-speed interconnects. 
This system is designed for the most demanding AI, high-performance computing 
(HPC), and data analytics workloads29. 

One HGX B200 GPU baseboard is approximately 2,274 kg CO2e of embodied 
carbon. The central contributors to these emissions are materials and components 
and their associated manufacturing processes, accounting for 94% of the total 
emissions. 

Hyperscale AI compute data centres could use 8,000 eightGPU nodes (≈32,000 
GPUs) for large language model training. 

 

2.4.2 Reduction Strategies – Computational Infrastructure 
Strategies to reduce embodied carbon in IT or computational infrastructure 
focus on both how much hardware is deployed and how efficiently it is used. 
Reducing refresh cycles where technically and commercially feasible and increasing 
server utilisation lowers lifetime emissions by extracting more useful compute from 
each unit30. Higher power density can increase the absolute carbon cost of a rack but 
can decrease carbon per kW of IT or per unit of compute, provided that supporting 
MEP and cooling systems are efficiently designed.  

Vendor engagement is also critical. Several large-scale data centre developers, 
including AWS and Meta, are now running engagement 
programs encouraging manufacturers to provide more transparent embodied carbon 
data so that LCAs become more accurate and can be used to drive procurement 
decisions and industry practice toward more sustainable hardware designs31.

Strategies for Reducing Embodied Carbon in Computational Infrastructure 
•	 Reduce refresh cycles and increase server utilisation 
•	 Deploy higher power density racks 
•	 Engage vendors for increased data transparency 
•	 Reuse of hardware devices or subcomponents

 

29  NVIDIA. “DGX B200.” NVIDIA, n.d. https://www.nvidia.com/en-us/data-center/dgx-b200/.
30  Anthony Waterman. ADW Developments. “Technical Information Paper: Embodied Carbon in Enterprise Data Centre IT 
Equipment.” ADW Developments, 1 March, 2025. https://adwdevelopments.com/sustainability/technical-information-paper-
embodied-carbon-in-enterprise-data-centre-it-equipment/. 
31  Meta. “Net Zero Supplier Engagement.” Meta Sustainability, n.d. https://sustainability.atmeta.com/net-zero-supplier-
engagement/.;
Amazon Staff. “How Amazon Is Making Its Data Centers Even More Sustainable.” About Amazon, 9 December 2024. https://
www.aboutamazon.com/news/aws/aws-data-center-ai-circularity.

Powerful GPUs and CPUs in 
close proximity to one-another 
enable high-performance cloud 
services – necessitating liquid 
cooling systems, but also densi-
fying computational equipment 
into a smaller footprint. Photo 
courtesy of AWS.
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2.4.3 Challenges and Barriers – Computational 
Infrastructure 
Several challenges and barriers currently limit progress on reducing embodied 
carbon in computational infrastructure. Challenges include limited transparency, lack 
of benchmarks and reliable public data on embodied carbon for IT hardware. Supply 
chains are highly proprietary and global, making it difficult for buyers to compare 
options or set robust targets. 

Decarbonisation levers such as green fabrication plants, cleaner electricity 
grids for manufacturing regions, and increased recycled content in components 
require longterm, systemic shifts that sit largely outside the control of individual 
data centre projects and necessitate longer-term conversations and planning with 
major vendors (10–15-year time horizon). 

Domestic capability gaps in ewaste recovery and highvalue materials recycling further 
constrain circular strategies, as valuable metals and components from servers and AI 
hardware may not be effectively captured and reused. 

While operators can influence utilisation, refresh strategy and vendor dialogue 
in the near term, the deepest reductions in embodied carbon for computational 
infrastructure depend on broader industry, policy and supplychain transformation.

Barriers and Challenges to Reducing Embodied Carbon in Computational 
Infrastructure 

•	 Very limited transparency, benchmarks, or public data on embodied carbon
•	 AI chips are more complex, using rare earths, high-purity silicon, cobalt and 

requiring additional lithography, etching and packaging steps
•	 AI demands shorter lifecycles, rapid upgrades and denser hotter racks needing 

advanced cooling like immersion 
•	 Computational infrastructure is often deployed/managed by 

separate organisations to the developers/constructors 
•	 Lack of domestic e-waste recovery and high-value materials recycling hinders 

circular IT strategies 
•	 Decarbonisation levers require 10–15-year systemic shifts beyond project 

control
 

This section introduces how embodied carbon in data centres is measured, the 
quality of data underpinning those measurements, and how responsibility for 
emissions is allocated. 

It focuses on the MEP and structural scope - acknowledging that the Open Compute Project is currently developing 
Product Category Rules (PCRs) for computational infrastructure. AWS, Microsoft, Meta and Google are all 
contributing to this PCR development effort, which will standardize how embodied carbon is measured and reported 
across the industry. Global adoption of a consistent methodology is highly desirable, offering cost and transparency 
benefits to Australian governments, the data center industry, and cloud customers.

There are two key approaches to measuring the embodied carbon in data centres: tCO₂ per kW of IT capacity 
and kgCO₂e/m².

The next section explores emerging data hierarchies and industry efforts to improve data quality, including the 
increasing use of product-specific EPDs and stricter procurement expectations.

The final section examines persistent data gaps and methodological challenges, particularly around system boundaries 
and the treatment of computational infrastructure. It also considers Scope 3 accountability and how different 
ownership and business models shape who reports which emissions and how mandatory climate-related financial 
disclosure in Australia is beginning to close those gaps. 

 

3. Embodied Carbon Measurement 
and Disclosure
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There are two primary approaches to measuring embodied carbon in data centre 
construction. They are tonnes of CO₂ (tCO₂) per kW of IT capacity and kilograms of 
CO₂ equivalent per square metre (kgCO₂e/m²) of gross floor area.  

The tCO₂ per kW of IT metric, exemplified by AirTrunk’s “Embodied Carbon Ratio” (case study 
below), normalises emissions against the functional output of the facility—the IT power it supports—making it highly 
relevant for data centres where computational capacity drives value. This approach excels in scalability across portfolios 
and staged build-outs, enabling fair comparisons between projects of varying sizes and handling tenant-driven IT fit-
outs. Its weakness lies in reliance on projected IT loads, which can fluctuate with technology shifts like AI densification 
that changes the customer demand on the utilisation factor, potentially skewing early-stage estimates.  

3.2 Approaches to Measuring Embodied Carbon in Data Centres  Case Study: AirTrunk Embodied Carbon Ratio Initiative (ECR)

Background and challenge

Embodied carbon from construction materials and operator-supplied equipment, including 
mechanical, electrical and plumbing (MEP) systems, represents the majority of AirTrunk’s Scope 3 
emissions and is largely locked in upfront during design and procurement. As AirTrunk’s portfolio 
has scaled rapidly, traditional absolute emissions reporting has proven insufficient to guide effective 
decisionmaking at both project and portfolio level.

A consistent, intensity-based metric was required to enable meaningful comparison across projects, 
drive early design and procurement decisions, and provide a credible basis for governance, 
targetsetting, and performance tracking over time. 

Approach: Developing the ECR

In FY24, AirTrunk developed the ECR as a core embodied carbon performance metric. The ECR 
normalises upfront embodied carbon against delivered IT capacity, enabling like-for-like comparison 
across projects of different sizes, configurations, and geographies, while supporting aggregation at 
portfolio level. 

Figure 9: Embodied Carbon Ratio (ECR) 

Implementation and governance

The ECR was first introduced in the FY25 Sustainability Report and has since been embedded 
into AirTrunk’s development and governance processes. Portfolio-wide ECR thresholds have been 
established, with project-specific ECR targets set at early design stages, prior to major procurement 
decisions or contractor onboarding. This ensures embodied carbon performance is considered 
alongside cost, program, and technical requirements at the point where the greatest reduction 
potential exists

To learn more refer to AirTrunk’s 2025 Sustainability Report.

Embodied carbon 
from construction of 
data centres (tCO₂e) 

IT equipment 
capacity (kW IT)

ECR =
÷

Photo courtesy of AirTrunk.
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In contrast, kgCO₂e/m² assesses emissions relative to physical footprint, aligning 
with building sector norms for Whole-of-life Carbon Assessments (WLCAs) 
conducted at baseline and monitoring stages. An example of this is the UK Net 
Zero Carbon Buildings Standard, that benchmarks an embodied carbon limit for 
data centres as a building typology on a m² basis32.   

However, this metric is not particularly informative for data centre development 
if the functional unit targeted is a reduction in the embodied carbon invested 
to bring more IT capacity online. Embodied carbon efficiencies should 
be measured against the ultimate objective of the data centre development. As 
rack power densities increase, there is an opportunity to reduce the embodied 
carbon of data centres by shrinking down the structure and envelope to suit. 
Using a kgCO₂e/m² metric would penalise a developer for doing this, when in fact 
it should be commended.

A consistent and strict data hierarchy is emerging among industry stakeholders 
that prioritises product-specific EPDs and high-quality primary data to ensure 
reliability in WLCAs. At the top tier are product-specific EPDs and PCFs, which 
provide verified, manufacturer-supplied lifecycle data for exact items like chillers or 
structural steel. TM65 style assessments and other product specific assessments 
that lack third-party verification are the second preferred option. Then, data from 
industry averages or generic databases follow, with the lowest tier relying on basic 
estimates. This tiered approach minimises uncertainty by favouring primary, site-
specific inputs for high-impact components like MEP and structure. 

Figure 10: Data hierarchy from top to bottom for embodied carbon calculations in data centre 
development

These hierarchies are now being integrated into procurement 
practices, preferencing suppliers that can provide more transparency. Airtrunk, 
for example, are considering a similar hierarchy to the one represented 
above. Data centre developers are also actively driving upstream data quality 
through collaborative initiatives like the Open Compute Project, a collaborative 
community of IT infrastructure providers focused on efficiently designing 
technology to support growing demand. 

32  Net Zero Carbon Buildings Standard (NZCBS). NZCBS, March 2026. https://www.nzcbuildings.co.uk/. 

Data Hierarchy for Embodied Carbon Calculation in Data Centre Development

Product Specific EPDs 
and PCFs

Verified and standardised documents compliant 
with ISO standards providing product specific 
environmental impact data

TM65 A CIBSE methodology for calculating the embodied 
carbon of building engineering products when EPDs 
and PCFs are not available

Industry Specific EPDs Industry wide EPDs for a class of products from 
multiple manufacturers

Generic Material Data Delivered from process-based or hybrid-LCA studies 
providing generic information on products

Literature Data Derived from information from top-down LCA 
studies providing information on the product class

The data centre sector faces significant gaps in 
embodied carbon data availability, primarily due 
to inconsistency in measurement methodologies 
and scopes, making cross-project comparisons 
and continuous improvement difficult33. Access 
to accurate carbon emissions data remains a crucial 
yet elusive building block, with the industry lacking 
consensus on minimum inclusions for consistent 
reporting, benchmarking, and what constitutes 
aspirational standards34.

Prior to 2025 organisations like the National Australian Building 
Environment Rating Scheme (NABERS) and the Green Building Council of 
Australia (GBCA) have not prioritized developing robust embodied carbon 
benchmarks for data centres. As benchmarks are developed, MECLA 
anticipates challenges will include limited access to bills of quantities, the 
complexities of staged construction, and confidentiality around proprietary 
designs and equipment. Confidentiality is a primary concern for many 
data centre developers and operators. Data centres host corporate and 
government mission-critical workloads and confidential data, the less 
disclosed about how these data centres work, the fewer attack vectors are 
exposed to hostile actors. 

These challenges extend to system boundaries, where incomplete scope 
setting risks excluding high-impact items like MEP or computational 
infrastructure from decarbonisation focus. As discussed in the 
computational infrastructure section, IT hardware is often treated 
separately in facility level LCAs and embodied carbon accounting because 
it is often procured and refreshed independently by tenants or colocation 
clients under separate contractual arrangements. However, for MEP 
systems it is important that the industry reaches a standardised scope for 
mandatory inclusions and system boundaries, and defines how to handle 
key differences between the extent of power and cooling services provided 
to data halls.

Although there is substantial room for improvement on data completeness, 
imperfect baselines and partial data is preferable to inaction. Waiting 
for data accessibility stalls progress, and some data centre developers 
are taking necessary steps to attempt to reduce their embodied carbon 
despite these challenges. Demand-side efforts highlight the urgent need for 
upstream transparency to bridge these gaps. 

33  European Data Centre Association (EUDCA). State of European Data Centres 2025. Brussels: EUDCA, 
March 2025. https://www.eudca.org/documents/content/uQL3OzUuRMuu0N1NuXqVego15. 
34  rup. “How Whole Life Carbon Emissions Assessments Will Reshape Data Centres.” Arup, 5 October 
2022. https://www.arup.com/insights/how-whole-life-carbon-emissions-assessments-will-reshape-data-
centres/.

3.3 Data Lacunas 
and Challenges 
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Different ownership structures in data centres—
such as owning facilities outright, leasing colocation 
space, or providing cloud services—fundamentally 
alter how embodied carbon emissions are allocated 
across Scope 1, 2, and 3 categories, necessitating 
tailored approaches to reporting for a complete 
emissions inventory35. 

For instance, hyperscalers may exclude upfront embodied carbon from 
third-party colocation facilities in their Scope 3 inventories, viewing these 
assets as outside operational control despite including operational energy in 
a similar way as an office tenant would. As renewable electricity purchasing 
increases and data centre upfront carbon becomes a more dominant 
contributor to cloud services’ Scope 3 emissions customers may seek to 
have this included.

Scope 3 emissions already dominate many operators’ 
portfolios, often surpassing combined Scope 1 and 2 due to 
expansive development pipelines. Builders and contractors also 
increasingly recognise data centre embodied carbon as their own Scope 
3, fostering upstream alignment and pressure across supply chains 
to decarbonise. 

Mandatory climate-related financial disclosures in Australia, effective 
from January 2025 for large businesses and financial institutions under 
the Australian Sustainability Reporting Standards (ASRS 2) compel 
data centre developers and operators to report Scope 1,2 and 3 
greenhouse gas emissions, including embodied carbon from construction 
and supply chains, alongside climate scenario analysis and transition 
plans36. This reporting regime intensifies pressure on the data centre sector 
by requiring assured disclosures of upstream impacts – such as MEP, 
structural materials, and computational infrastructure. The regime will also 
likely drive industry to resolve some of the complexities across ownership 
models and system boundary alignment. 

Aligned Scope 3 reporting and system boundaries around 
embodied carbon in data centres will establish the 
crucial accountability needed for establishing clear demand signals 
and engagements upstream with supply chains and cross sector 
collaboration to reduce the embodied carbon of assets.

35  CarbonBetter. “Decarbonizing Data Centers.” CarbonBetter, 24 June 2025. https://carbonbetter.com/
story/decarbonizing-data-centers/.
36  Australian Accounting Standards Board (AASB). “Overview of Australian Sustainability Reporting 
Standards.” AASB, April 2025. https://aasb.gov.au/media/xpilzp2e/overviewofasrs_04-25.pdf.

3.4 Scope 3 
Accountability for 
Data Centres 

Photo courtesy of AirTrunk.
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Embodied carbon and water use in data centres are tightly 
linked, with cooling system choices often shifting impacts 
between the two. 
Using some water for cooling, such as evaporative systems and cooling towers, can enable 
simpler, less materialintensive plants and avoid chillerheavy designs with high embodied 
carbon and refrigerant impacts38.  

Conversely, fully waterfree approaches typically require more chillers, coils, and 
pipework, increasing both embodied carbon and operational energy, and are only 
clearly advantageous in a small number of very cold climates when outside-air 
economisation is not a viable strategy. Running data centres at higher allowable 
temperatures further reduces water demand by cutting evaporative cooling hours and 
intensity, offering a direct cobenefit for both carbon and water stress. 

Detailed system comparisons show how these tradeoffs play out in practice. Liquid cooling 
loops for IT are typically closedcircuit (glycolwater), but their heatrejection options—cooling 
towers, dry coolers, diabatic coolers, or liquid-to-air in the data hall—each carry distinct 
water and carbon profiles that need to be evaluated on a wholeoflife basis.  

Regulators and utilities are increasingly focused on enabling recycled or nonpotable 
water, coplanning infrastructure, and stresstesting drought scenarios, while 
stakeholders emphasise the need for policy signals and collaboration frameworks so 
data centres can tap recycled water, stormwater, and shared infrastructure in ways that 
reduce both embodied carbon and pressure on potable supplies. 
 

As electricity grids decarbonise globally, embodied carbon 
from data centre construction and equipment increasingly 
dominate lifecycle emissions, shifting priorities from 
operational Power Usage Effectiveness (PUE) alone toward 
upfront carbon reduction. 
This transition amplifies the relative impact of material-intensive components like 
steel, concrete, copper, and aluminium in supply chains, where decarbonisation levers 
such as greener manufacturing and recycled content deliver benefits across any 
data centre design typology. 

Operational choices further intertwine embodied carbon with energy efficiency. Increasing 
IT power density—such as higher kW per rack enabled by liquid cooling—reduces the 
total number and size of data centres required to deliver the same IT capacity. Rapid 
improvements to chip performance per watt, combined with strategies which increase the 
average utilisation of IT capacity, can reduce the total number of data centres needed, 
thereby cutting aggregate structural and MEP material needs39.  

Similarly, permitting warmer and more humid operating conditions, 
alongside rationalised electrical redundancy (e.g., N+ rather than full 2N), shrinks plant 
scale and material volumes while delivering energy savings, creating a virtuous cycle of 
lower upfront carbon and reduced operational draw. A whole-life lens thus validates these 
synergies, ensuring decarbonisation efforts optimise both embodied and energy-related 
impacts over 50-60 year asset lives. 

38  Idah Huang, Cundall. “Using Whole Life Carbon Assessment to Optimise Design for Data Centres.” Cundall, 21 August 
2024. https://www.cundall.com/ideas/blog/using-whole-life-carbon-assessment-to-optimise-design-for-data-centres.
39  Hassel, William. “Liquid versus Air: Life Cycle Carbon of Cooling Down AI Data Centers.” Master’s thesis, Harvard University 
Division of Continuing Education. 2025. https://dash.harvard.edu/server/api/core/bitstreams/17cb464c-407a-4bf7-81fb-
04b5e9d924eb/content.

4.2 Embodied 
carbon and 
water 

4.3 Embodied 
carbon and 
energy efficiency 

When it comes to data centres, embodied carbon reduction strategies should 
never be considered or executed in isolation. WLCAs consider energy efficiency 
and water efficiency alongside embodied carbon37. Energy and water efficiencies 
are of utmost importance in the context of data centre decarbonisation, 
and the optimisation of all three of these sustainability variables, targeting the 
most environmentally friendly nexus among them, ought to be the ultimate goal of 
any data centre developer. 

Rating tools are investigating how to integrate these various environmental considerations together to take a 
more holistic approach. Currently, NABERS is investigating how to combine water consumption with energy ratings 
so that PUEdriven efficiency does not hide waterintensive designs. 

The equation to arrive at the best environmental outcome shifts and changes depending on several 
variables including access to renewable energy and innovation in water systems. For every unique project, modelling 
must be deployed to understand how these sustainability considerations interplay. 

There are also instances where tradeoffs among different sustainability outcomes are made. In the 
following sections some of these relations are explored. Namely, embodied carbon and water, and embodied carbon 
and energy. 

 

Figure 11: Visual representation of the connectedness of different sustainability considerations in data centres

37  Royal Institution of Chartered Surveyors (RICS). Whole Life Carbon Assessment: A Client Guide. London: RICS, n.d. https://www.rics.org/content/dam/ricsglobal/
documents/standards/WLCA-client-guide.pdf. 
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As Australia cements its position as a premier destination for sustainable 
data centre investment and construction, the sector stands at a pivotal 
moment to integrate embodied carbon reduction into core design, 
procurement, and policy frameworks alongside the established priorities 
of energy and water efficiency. Proven strategies offer pathways to 
substantial cuts in embodied carbon despite the existing barriers.

Mandatory climate disclosures under ASRS2, evolving rating tools like Green Star and NABERS, and 
demand-side signals from developers will drive upstream transparency and Scope 3 accountability. Industry 
must adopt consistent metrics around embodied carbon and prioritise supplier-specific embodied 
carbon data through procurement. Government has a key role to play in supporting transparency and 
the decarbonisation of supply chains. By aligning these efforts, Australia can deliver net zero-aligned 
data centres that power the AI era while minimising the environmental cost of these assets. 

5. Conclusion & Recommendations

Photo courtesy of AirTrunk.
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The following recommendations for industry and 
government have been developed based on the extensive 
research and industry consultation conducted throughout 
this report.

5.2.2 Industry 
•	 Develop and adopt consistent data measurement metrics and benchmarks: Es-

tablish standard industry wide approaches to measuring embodied carbon us-
ing approaches like the embodied carbon ratio tCO₂ per kW.   

•	 Establish strict data hierarchies prioritising product-specific EPDs and PCFs for 
MEP, structure, and IT to enable benchmarking. 

•	 Drive upstream data transparency and establish industry alignment on what 
demand signals to send up the supply chain through networks such as Data Cen-
tres Australia: Embed EPDs and TM65-compliant data requirements in procure-
ment contracts for high-impact items, drive disclosure of supplier-specific data 
such as EPDs and support capacity and understanding in the supply chain. 

•	 Begin early and consistent supplier engagements to identify low embodied car-
bon solutions for the highest emitting components, allow for longer lead times, 
and embed requirements into procurement contracts.

•	 Prioritise design optimisation across all embodied carbon aspects such as materi-
als efficiency by pursuing strategies like higher power densities, simplified power 
architectures, tightly optimized redundancy models, broader temperature and 
humidity SLAs, and cooling strategies which prioritize outside air.

•	 Conduct WLCAs at early design stage to establish baselines and conduct as-built 
validation of the key carbon intensive material quantities. Adopt clear and consis-
tent Scope 3 boundaries, including MEP in the WLCA process. 

•	 Optimise sustainability outcomes targeting the nexus of energy, water, and em-
bodied carbon - never consider embodied carbon in isolation, but as embedded 
within a larger series of sustainability considerations. 

5.2.3 Government 
•	 Create incentives for data center developers to play a role in the proving and 

early-scaling of nascent technologies for very-low-carbon raw material produc-
tion such as concrete, steel and aluminum.

•	 Government to leverage their procurement power to provide high-volume 
demand for very-low-carbon raw materials giving producers confidence to 
invest large amounts of capital in deploying technologies at-scale. And support 
upstream innovation across the supply chain through electrification, renew-
ables firming, R&D and grants. 

•	 Enable nexus synergies: Provide policy frameworks for water-energy-carbon 
trade-offs and support rating tools to incorporate all three metrics for sustain-
ability. 

•	 Support the development of better circular capabilities in the Australian mar-
ket: Invest in supporting industry to develop domestic e-waste recycling for IT 
hardware and MEP recovery.  

•	 Support industry in driving supply chain transparency and establishing stan-
dardised metrics and baselines for data centres. 
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