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International review of energy efficiency in 
Data Centres

• Commissioned by the Australian Department of 
Industry, Science, Energy and Resources (DISER) as 
an Australian input to the BECWG

• Project direction and oversight by 
• Stanford Harrison, Australia DISER Energy Efficiency 

Branch, and 

• Meredydd Evans, US Pacific Northwest National Laboratory 
(BECWG Operating Agent)

• Revised version of report for DISER (Australia focused)



A balancing act for policy on data centres:

ADVANTAGES OF 
DIGITALISATION

ENVIRONMENTAL 
IMPACTS



Context: changes in demand

Growth in service demand between 2010 to 2018
(from Masanet et al 2020)

IP: Internet Protocol



The good news: there have been 
efficiency gains

Increase in energy efficiency between 2010 to 2018
(from Masanet et al 2020)

PUE Power Usage Effectiveness



Demand for data centre services projected to 
continue to increase



Demand for data centre services projected to 
continue to increase – change in energy use?

Ranges of projections for energy consumption of servers and data centres worldwide – forecasts to 2030
Hintemann and Hinterholzer 2019 



Demand for data centre services projected to 
continue to increase – change in energy use?
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Hintemann and Hinterholzer 2019 

How do we get this?



Sources of efficiency gains to date

Greater efficiency

Infrastruct
ure 

improvem
ents

Server 
efficiency

Move to 
cloud and 
hyperscale



Gains not realised in all sectors

Large scale cloud service providers

Small server rooms

More policy needed to spread good practice



Policy options

Minimum Energy Performance Stds

Financial incentivesBuilding codes

Voluntary labels

Public sector influence

Mandatory disclosure

Industry EE Good practice advice



Report or declare performance

Example: EU (proposed in revised Energy Efficiency Directive)

Benefits:
Attract management attention

Identify areas of highest impact

Track progress

Drive competition



Minimum Energy Performance  
Standards

Examples:

EU :  servers Japan: computers

China: data centres (using PUE as a metric)

Multiplier effect 
– reduces infrastructure energy too



Building codes

Examples in USA: California and Washington

HVAC Electrical

Regular inspectionsEU :  HVAC



Extend industry EE schemes to
data centres

Example: Netherlands Energy Saving Obligation

Set targets

Energy audits

Technical support

Could include:



Provide good practice advice

US: LBL Center of Expertise for Energy Efficiency in Data Centers
ENERGY STAR

EU: Data Centres Code of Conduct

Australia: NABERS

International: the Green Grid

And ‘sell’ it



Financial incentives

Example: France Example: UK Climate Change Agreements

In both cases qualifying data centres get a rebate from an electricity environmental charge



Use public sector influence

New South Wales (state) procurement policy

US Federal Data Center Optimization Initiative

EU Green Public Procurement Guidelines

Netherlands Sustainable Public Procurement guidance



Voluntary labels/certificates

Many examples!



Each one can be effective. 
Together they are stronger





Additional slides for clarification



About the Building Energy Codes 
Working Group
• The International Energy Agency (IEA) has a number of Technology Collaboration 

Programmes (TCPs), including the 

Energy in Buildings and Communities (EBC) TCP
• The EBC TCP has many Projects known as “Annexes,” and also a few Working Groups, 

including the 

Building Energy Codes Working Group (BECWG)
• BECWG Chair: David Nemtzow from the US Department of Energy

• Co-Chair: Michael Donn from Victoria University of Wellington, New Zealand

• BECWG Operating Agent: US Pacific Northwest National Laboratory, led by Meredydd
Evans



Context: Components of data centres

IT equipment
• Storage

• Processing (servers)

• Networking

Infrastructure
• Cooling

• Energy system

• Other (safety, lighting) 



Key metric: Power Usage Effectiveness (PUE)

𝑃𝑈𝐸 =
𝑡𝑜𝑡𝑎𝑙 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑜𝑣𝑒𝑟 𝑎 𝑦𝑒𝑎𝑟

𝐼𝑇 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑜𝑣𝑒𝑟 𝑎 𝑦𝑒𝑎𝑟

‘Ideal’ value is 1



Other findings: concern re different impacts

Energy
Water

but growing concern…



Other findings: potential risk from growth in 
edge computing 

(from Ascierto and Lawrence 2020)



Potential risk from growth in edge computing 

(Linux Foundation State of the Edge 2021 )



Policy challenge: edge computing can be 
different to conventional

Example of large multi-rack enclosure from ASHRAE (2020) 
TC 9.9 Technical Bulletin: Edge Computing: Considerations for Reliable Operation  



Areas of further study – gather national 
information

number

energy use

water use

size



Areas of further study - internationally

Engage on effective metrics

Research water use and how to reduce it

Work on edge computing and how to address


