
Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Burch, H;Anstey, MH;McGain, F

Title:
Renewable energy use in Australian public hospitals

Date:
--

Citation:
Burch, H., Anstey, M. H. & McGain, F. (). Renewable energy use in Australian public
hospitals. Medical Journal of Australia,  (), pp.-.e. https://doi.org/./
mja..

Persistent Link:
https://hdl.handle.net//



This is the author manuscript accepted for publication and has undergone full peer review but has not been 

through the copyediting, typesetting, pagination and proofreading process, which may lead to differences 

between this version and the Version of Record. Please cite this article as doi: 10.1002/MJA2.51197

This article is protected by copyright. All rights reserved

Article begins on page three of this document.

Title Renewable energy use in Australian public hospitals

Authors:

Title

First 

name

Mid 

inits Last name

Postnom 

(eg, PhD) [3 

only for 

publication] Position1 Address1 Position2 Address2 Tel Email

1 Dr. Hayden Burch B Sci, MPH, 

MD

MD/MPH 

Student

1 hayden.burc

h@nh.org.au

2 Dr. Matthew H Anstey MBBS, 

FACEM, 

FCICM

Intensivist 2 089346

1010

matthew.ans

tey@health.

wa.gov.au

3 Asso

c. 

Prof.

Forbes McGain FCICM, 

FANZCA, 

PhD

A/Prof 1 Consultan

t

3 forbes.mcgai

n@wh.org.a

u

4

5

Number of corresponding author: 1

Number of alternative corresponding 

author:

Addresses:

Institution City State

Post 

Code

1 University of Melbourne Melbourne VIC 3010

2 Sir Charles Gairdner Hospital Perth WA 6009

3 Western Health Melbourne VIC 3011

4

5

Postal address of first corresponding author (if 

different from the institutional address given 

above)

 

Primary Keywords [Office use only] Environment and public health; Health services administration

Secondary keywords [Office use only] Climate change; Air pollutants; Environmental pollution; Environment; Hospitals

Notes:

Article details (press ctrl – 9 to enter details): Office use

https://doi.org/10.1002/MJA2.51197
https://doi.org/10.1002/MJA2.51197
http://crossmark.crossref.org/dialog/?doi=10.5694%2Fmja2.51197&domain=pdf&date_stamp=2021-07-20


This article is protected by copyright. All rights reserved

Article type Perspective Ms. Number mja20.01466.

R1

Medical editor Francis 

Geronimo

Medical editor email fgeronimo@m

ja.com.au

Structural editor Laura Teruel

Structural editor email lteruel@mja.c

om.au

Section/Category Perspective 

(1-pp)

Strapheading Perspective

Blurb To decouple hospital energy from 

contributing to climate change, hospitals 

must move to renewable electricity and get 

off gas.

Substrap

Wiley – file data:

Filename for copyediting bur_mja20.01466_ms.docx

Accompanying graphics bur_mja20.01466_gr.eps, bur_mja20.01466_gr.jpg

Stock images None

Appendices bur_mja2.00000-sup-0001-supinfo.pdf

Description: Supplementary table

Office use – history:

Event Date Event Date

Original submission received 14/08/2020 Accept 22/04/2021

Proof sent to author

Proof returned by author

Published (date format 

xx/xx/xx)

16/08/21

Issue 4

Vol 215

DOI 10.5694/mja2

0.01466

Journal The Medical Journal of 

Australia

Original 

article DOI 

(for 

response)



This article is protected by copyright. All rights reserved

Renewable energy use in 

Australian public hospitals

Australian public hospitals’ energy choices are at odds 

with “first, do no harm”

The health care sector faces many of the consequences of climate change but is lagging 

behind in tackling its own contribution to this health threat.1 Increases in extreme weather 

are contributing to adverse physical, mental and intergenerational health outcomes in 

Australia and beyond.2,3 Despite these health implications, health care itself pollutes, 

being responsible for 7% of Australia’s total carbon footprint.4 Coal-generated electricity 

and natural/fossil gas are considerable sources of health care’s carbon dioxide equivalent 

(CO2e) emissions4 and also contribute to local air particulate matter, with 

cardiorespiratory consequences.3

Hospitals have large energy demands due to continuous operation, primarily from 

heating, ventilation and air conditioning.5 The demand is so large that public hospitals 

consume over half of public sector energy in most Australian states and territories.6,7 

Therefore, hospitals should be key stakeholders in Australian state and territory 

decarbonisation efforts.

Internationally, health care institutions have recognised and are acting on their energy 

choices, signing on to 100% renewable electricity targets for their health care facilities.5

It remains unclear, however, how rapidly Australian hospitals are moving towards 

renewable energy alternatives. We aimed to evaluate the total energy use, electricity use, 

natural/fossil gas use, and renewable electricity generation or purchase by Australian 

public hospitals and compare this with international health care leaders and the Australian 

university sector.

We examined Australian state and territory public hospital direct energy data for the 

decade 2010–2019, obtaining prospective ethics approval (Western Health QA2019.41). 

Although we sought 10 years of data, we were only able to obtain complete data for all 

states and territories for 3 consecutive years, 2016–17 to 2018–19. Based on Australian 

Institute of Health and Welfare data, there were 693 public hospitals in Australia in 

2018–19.8

We sought data from two sources: Australian state and territory Health Departments 

and the Australian Clean Energy Regulator, which is responsible for National Greenhouse 

and Energy Reporting (NGER). In Australia, since 2017, public hospitals have been 

included in both the National Australian Built Environment Rating System (NABERS)9 

and NGER schemes.10 Under NABERS, 274 of 693 Australian public hospitals are 

included in the 2018–19 NABERS analysis, although none are publicly disclosed.9 Under 

the NGER scheme, hospitals must report if energy consumption is 100 terajoules or more 
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per year and/or if emissions equal 25 kt CO2e emissions/annum (ie, hospitals with about 

200 acute beds).10

We wrote to Australian state and territory Health Departments from August to October 

2019 seeking annualised data for public hospital direct energy use. We also wrote to three 

health services in Western Australia (East, North and South Metropolitan regions), as no 

renewable electricity data could be identified by the WA Health Department. Hospital-

level information was amalgamated into state-based calculations to avoid inadvertent 

identification of individual hospitals. Tertiary education was selected as a comparator 

with similarly large multibuilding institutions and considerable energy demands.6

The Australian public hospital data requested for 2010–2019 were total energy use, 

natural/fossil gas use, and renewable and non-renewable electricity (produced or 

purchased), such as rooftop solar photovoltaic (PV), GreenPower (purchased renewable 

electricity) in kilowatt-hours (kWh), natural gas (gigajoules, GJ), liquefied petroleum gas 

(kilolitres, kL), co- and tri-generation (fossil gas consumption for heating and electricity 

production plus/minus cooling) (kWh).

In order to establish the active contribution of the health care industry to reducing 

fossil fuel use, we focused on renewable electricity generated or purchased by the health 

care sector. Only health sector-purchased GreenPower was attributed to hospital 

renewable energy calculations. That is, we only included production or purchase of 

renewable electricity beyond the state’s or territory’s grid electricity. We did not include 

diesel fuel use (used either for transport, back-up power or, in smaller rural hospitals, for 

electricity generation) due to poor data access.

From November 2019 to February 2020, we received responses from all state and 

territory Health Departments and from metropolitan WA health services. Data were 

robust for the 3 consecutive years from 2016–17 to 2018–19 inclusive. Data before 2016–

17 were unavailable, unreliable or not inclusive of all hospitals. Data supplied under 

NGER were not reliable (high energy reporting thresholds, and heavily redacted due to 

concerns about revealing individual hospitals).

The total Australian public hospital energy use was stable for the 3 years (2016–17 to 

2018–19) (Box 1). Renewable energy production/purchase increased from 14/4132 GWh 

to 94/4122 GWh (from 0.3% to 2.3% of power consumed). Australian renewable grid 

electricity uptake grew by 8.3% (from 15.7% in 2016–17 to 24% in 2018–19).

On a national level, grid electricity use was the majority of total hospital energy 

consumed (range, 2495–2507 GWh; 59–61% of total energy), incorporating GreenPower 

certificates (range, 1–72 GWh (0.02–2% of total energy). Natural gas use was also large 

(range, 1444–1522 GWh; 35–36% of total energy), followed by liquid propane gas 

(range, 95–107 GWh; 2% of total energy), co- and tri-generation (range, 62–74 GWh; 

1.5–2% of total energy), and rooftop solar PV (range, 13–21 GWh; 0.3–0.5% of total 

energy). No biofuels were used according to discussions with state health representatives, 

nor was feedback that renewable electricity supply may be a limiting factor.

The large increase in renewable energy in 2018–19 was a result of Queensland Health 

being a benefactor of a whole-of-government GreenPower purchase (71.4 GWh 

purchased by Queensland Health). Renewable energy uptake by health care elsewhere 



This article is protected by copyright. All rights reserved

was small (range, 0–1.2%; 2018–19).

Box 2 represents each state and territory relative contribution to the Australian national 

public hospital energy consumption and the percentage of renewable energy use. Victoria 

and New South Wales combined consumed 60% of the total Australian public hospital 

energy (1288 and 1206 of 4122 GWh respectively; 2018–19). Queensland public 

hospitals consumed 778/4122 GWh (19% of total energy) and produced or purchased the 

most renewable electricity (74/778 GWh; 9.5%) of all state public hospitals in 2018–19. 

In Victoria, the Australian Capital Territory and South Australia, half of total energy 

consumption was by natural/fossil gas. Large hospital heating loads are required 

particularly overnight in cooler states, thus Victorian public hospitals had higher total 

energy use than NSW hospitals.

Our study shows that just 2.3% (14–94 GWh per year) of Australian public hospital 

energy use was sourced from renewables between 2016–17 and 2018–19. Most hospital 

efforts over-and-above the national grid renewable electricity supply arose from a single 

state, Queensland Health’s GreenPower purchase in 2018–19, which contributed three-

quarters of all Australian public hospital renewable electricity. Over the same period, 

public hospitals consumed 4122–4132 GWh per year of energy, enough to power 630 000 

average Australian homes each year.

Increasing renewable energy use in the health care sector will require a number of 

approaches. Firstly, state and territory net zero emissions and renewable energy targets 

need to be more uniform and stronger (Supporting Information). In contrast, England’s 

National Health Service (NHS) has a national Sustainable Development Unit that 

coordinates a national road map for net zero health care emissions by 2040.14

Secondly, while hospital energy efficiency may be a reasonable first step, in order to 

achieve the emissions reductions targets required, we need to transition to renewable 

electricity sources.6 Co- and tri-generation electricity are energy-efficiency variants 

relying on natural/fossil gas. Victoria illustrates the difficulties of hospital energy 

efficiency as a sole strategy as, while their efficiency improvements achieved a 9% 

reduction in CO2e emissions per square metre of hospital floor space between 2005 and 

2018, demand-driven energy use grew 22% and carbon emissions 32%.15 For Victoria to 

achieve the state’s legislated 2050 net zero target, large change beyond 100% renewable 

electricity supply by 2025 will be required. Natural/fossil gas consumption contributed 

48% of Victorian hospital energy use in 2018–19, and only getting off gas will ultimately 

solve this.

While some Australian hospitals are putting on rooftop solar panels, this will be 

insufficient to supply virtually all medium to large hospitals. Australia’s public hospitals 

are using about 4100 GWh per year, and solar panels can generate about 4 kWh/m2 per 

day (a conservative average for Australian capital cities; https://pvwatts.nrel.gov/). 

Allowing for 50% inefficiencies for cloudy days and battery storage, as per our 

calculations, we would need a solar farm at Sydney’s latitude of about 4 km2 to power all 

of Australia’s public hospitals. Comparatively, in the United States, Kaiser Permanente 

— the world’s largest integrated health care system — has achieved renewable energy 

https://pvwatts.nrel.gov/
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self-sufficiency via a 180 MW power purchase agreement.16 A power purchase agreement 

enables the construction of utility-scale solar and wind farms, and large battery energy 

storage systems to directly supply clean and often cheaper energy to hospitals. In the 

United Kingdom, the NHS will purchase 100% renewable electricity for its 3500 

buildings (hospitals, general practice surgeries etc) by December 2021.14 In Australia, 

Queensland may demonstrate a pathway for other state and territory health systems 

through their large-scale GreenPower purchasing. This approach increased purchasing 

power, although renewable energy remains expensive (hospitals’ 24-hour operations 

demand both on- and off-peak electricity).

GreenPower purchasing, however, may not suit all states and territories. For example, 

the ACT, Tasmania and SA have already achieved high grid renewable electricity 

penetration, with the ACT and SA reducing statewide grid carbon intensity by more than 

50% over the past decade.17,18 This may explain why relatively little renewable electricity 

has been produced or purchased by public hospitals in these states and territories (range, 

0.4–1.2%; 2018–19). Purchasing hospital renewable electricity over-and-above a high 

state background renewable electricity proportion will yield lower sustainability returns 

than focusing on states that have much lower renewable grid penetration. Further, 

Victoria, SA and the ACT, with proportionally high gas consumption, should focus on 

replacing this gas with renewable electricity. For the same amount of energy, gas (at best) 

has about one-third the CO2e emissions compared with coal.19 Gas, by definition, is not 

the pathway to zero emissions health care.

When health care compares itself to similar economic sectors in Australia, such as 

tertiary education, it is woefully behind. Many universities have set 100% renewable 

electricity targets, with the investment by individual universities occurring at a scale 

equal or larger than entire state and territory public hospital efforts.20 Monash University 

(Melbourne) purchases fivefold the renewable electricity each year of all Victorian public 

hospitals combined (55 GWh of GreenPower and 3.8–6.3 GWh of solar PV; 2015–16 to 

2018–19). Other universities (eg, Swinburne University, 90 GWh per year; the University 

of New South Wales, 124 GWh per year) have entered long term renewable Power 

Purchase Agreements (like Kaiser Permanente in the US) that eclipse the efforts of the 

entire Australian public hospital system.

All renewable energy solutions need investment and routine cooperation with other 

government sectors. We recognise these solutions will require a degree of financial 

investment to kick-start (and expect a future return), and this can be difficult when 

hospitals are under pressure to balance their yearly budgets just to provide patient care. 

Nevertheless, the health care sector could use its market influence to purchase increasing 

amounts of renewable energy. In Victoria, most health care chief executives are indeed 

supportive of greater investment in renewables.21

We calculated the best-case scenario for the percentage of renewable energy produced 

or purchased, often based on peak solar output per kW of solar panels. Underreporting of 

total hospital energy data was possible in WA, the Northern Territory, the ACT and 

Queensland, with very small rural and regional facilities not included in the supplied 
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data. Centralised management systems of public hospital energy are non-existent in some 

jurisdictions. We did not consider indirect hospital energy consumption, such as 

procurement of services, equipment and consumables not directly controlled or owned by 

the hospital, which we realise form the majority of health care’s carbon footprint (scope 3 

emissions).4 We also did not examine private hospital energy use due to commercial-in-

confidence concerns. Future analyses should consider data collection methodology in the 

absence of robust statewide energy management systems.

We describe the quantitation of how rapidly Australian hospitals are moving towards 

renewable energy as a source of electricity supply and compare health care’s performance 

with international leaders and other economic sectors. The ancient Hippocratic principle 

“first, do no harm” is central to the practice of medicine. Evidence-based medicine is also 

now integral to our practice. Level 1 evidence from our planetary science colleagues tells 

us that we need to act now to reduce harm from climate change. To decouple hospital 

energy from contributing to climate change, hospitals must move to renewable electricity 

and get off gas.
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and produced, and percentage of total energy that is renewable over-and-

above the grid supply, 2016–17 to 2018–19*

Energy (MWh) 2016–17 2017–18 2018–19

Australia

National baseline renewables 15.7% 17.0% 24.0%

Total hospital energy consumed 4 132 162 4 213 694 4 121 911

Hospital renewable energy produced 13 651 18 350 94 415

Hospital energy % renewable 0.33% 0.44% 2.29%

Victoria

State baseline renewables 12.0% 15.2% 23.9%

Total hospital energy consumed 1 305 587 1 310 008 1 288 292

Hospital renewable energy produced 3288 7679 11 057

Hospital energy % renewable 0.3% 0.6% 0.9%

New South Wales

State baseline renewables 16.0% 15.7% 17.1%

Total hospital energy consumed 1 194 657 1 218 509 1 206 019

Hospital renewable energy produced 7053 7036 7007

Hospital energy % renewable 0.6% 0.6% 0.6%

Queensland

State baseline renewables 6.5% 7.2% 14.1%

Total hospital energy consumed 773 111 770 317 778 595

Hospital renewable energy produced 2136 2121 73 694

Hospital energy % renewable 0.3% 0.3% 9.5%

Western Australia

State baseline renewables 7.5% 7.7% 20.9%

Total hospital energy consumed 336 494 354 698 335 783

Hospital renewable energy produced na na 396†

Hospital energy % renewable 0.0% 0.0% 0.1%

Australian Capital Territory

State baseline renewables 18.1% 28.2% 43.9%

Total hospital energy consumed 70 196 70 311 67 426

Hospital renewable energy produced 549 829 811

Hospital energy % renewable 0.8% 1.2% 1.2%

Tasmania

State baseline renewables 91.3% 91.3% 95.6%

Total hospital energy consumed 71 839 70 987 71 396

Hospital renewable energy produced 415 429 300
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Hospital energy % renewable 0.6% 0.6% 0.4%

Northern Territory

State baseline renewables 2.9% 3.5% 6.0%

Total hospital energy consumed 54 282 56 415 49 613

Hospital renewable energy produced na na na

Hospital energy % renewable 0.0% 0.0% 0.0%

South Australia

State baseline renewables 47.0% 46.6% 52.1%

Total hospital energy consumed 325 997 362 450 324 789

Hospital renewable energy produced 210 256 1149

Hospital energy % renewable 0.1% 0.1% 0.4%

na = not applicable. * We converted all energy data into kWh for simplification (ie, natural/fossil gas, 

1 GJ = 278kWh; liquefied petroleum gas, 1 kL = 6900 kWh).11 Solar photovoltaic data supplied as 

kilowatts/kilowatt-peak were multiplied by the hourly daily solar average per state and territory capital 

city for 365 operating days.12 Peak-watts were used to calculate a best-case scenario. If raw gas 

cogeneration electricity data were not provided, we multiplied total kilowatt-peak capacity by the 

minimum annual running time to justify operation as per a New South Wales government approach 

(3300 hours per year or 38% total time usage).13 Solar hot water production was included in the 

Queensland supplied data, and approximated by researchers in South Australia as 2 kWh/panel/day6 

and not reported elsewhere. † Data sourced directly from Western Australian health services.

[Box 2; bur_mja20.01466_gr]

2 State and territory public hospital total energy consumption as a percentage of 

the Australian total public hospital energy use and a percentage of state and 

territory total energy use that was renewable in supply, 2018–19

[Box 2 foot]

ACT = Australian Capital Territory; NSW = New South Wales; NT = Northern Territory; 

QLD = Queensland; SA = South Australia; TAS = Tasmania; VIC = Victoria; WA = Western Australia. 


