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This study presents an economic analysis of real options for achieving net-zero energy 
emissions in a major modern hospital in Australia. Twelve scenarios were analysed, 
involving green power purchase, carbon credit markets, and electrification. We find that 
incorporating green power purchase could effectively reduce operational costs. The 
results support decision-making and have significant policy implications for advancing 
the healthcare sector toward a more sustainable future. 

I. Introduction   

Global warming remains one of the most pressing issues 
of our time. The World Economic Forum’s Global Risks Re
port 2022 highlights that climate-related risks are among 
the top ten most significant global threats over the next 
decade (E. G. Franco et al., 2022). Climate change has im
pacted all sectors, and healthcare is no exception, with in
creased burdens resulting from the outcomes of extreme 
weather events. 

Meanwhile, the healthcare sector itself significantly con
tributes to climate change (Alshqaqeeq et al., 2020). 
Healthcare is responsible for 4.4% of global emissions 
(Salas et al., 2020), and 7% of emissions in Australia (Malik 
et al., 2018). In particular, hospitals are energy-intensive 
consumers and generate a large amount of emissions. For 
example, the electricity use of a major hospital—closely 
linked to the operation of air conditioning systems—can 
be equal to that of thousands of households (Liu et al., 
2022). As such, hospitals must reduce carbon emissions 
while maintaining their service quality. 

To achieve net-zero emissions (NZE) for a hospital’s en
ergy use, onsite solar generation systems are often recom
mended (A. Franco et al., 2017; Vourdoubas, 2018). How
ever, onsite solar systems are generally incapable of 
meeting a major hospital’s electricity needs due to roof size 
or space limitations. For major urban hospitals, real market 
options might include alternative approaches, such as par
ticipating in energy markets and utilising green finance in
struments (Singh & Mishra, 2022). 

This study aims to conduct an economic analysis of real 
NZE options for a major urban Australian hospital by eval

uating heating electrification, the carbon credit market 
(CCM), and green power purchases. Australia is selected be
cause its healthcare system is underexplored in decarboni
sation studies, and relevant operational and emissions data 
are available. The objectives of the study are: (1) to examine 
12 scenarios related to carbon emissions, renewable energy, 
and economic costs; (2) to compare the economic viabil
ity and risk profiles of these strategies to achieve net-zero; 
and (3) to provide evidence-based implications for hospi
tals, policymakers, and regulators. 

This study contributes a novel economic analysis of real 
options to achieve net-zero emissions in the healthcare 
sector, exemplified by a modern Australian hospital. The 
proposed economic analysis model and framework are 
replicable for other regions and can be extended globally. 
The findings offer valuable insights for the healthcare sec
tor and policymakers on how to leverage CCM and electri
fication technologies to facilitate emissions reduction and 
achieve the net-zero target. 

The remainder of this study is structured as follows. Sec
tion II presents the data and analysis. Section III includes 
results, discussion, and implications. Section IV concludes 
the study with policy recommendations. 

II. Data and Methodology     

Queensland Children’s Hospital is the case study. This 
hospital is a major urban hospital located in subtropical 
Queensland, Australia. Its energy consumption patterns, 
and scale make it highly relevant for conducting a compre
hensive carbon emissions analysis. There are three build
ings: the main hospital building with 400 beds, a research 
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Figure 1. Energy use   
Notes: This figure plots the hospital precinct energy use from 2019 to 2023, and its 5-year average. 

facility building, and an energy plant. Together, these 
buildings have a total area of 133,000 square meters. 

The data on electricity and natural gas use were col
lected from energy retailers’ bills, and the billed energy 
data were obtained from revenue class meters. To compre
hend the relationship among energy use, carbon emissions, 
and ways to offset emissions, scenario analysis is conducted 
by combining CCMs, green power purchases, and electrifi
cation options (see Section III). 

Figure 1 shows the yearly energy use between 2019 and 
2023, including electricity and natural gas. Electricity is 
used for medical equipment, office equipment and all build
ing services, e.g., air conditioning systems, lighting, and 
lifts. The average yearly consumption of electricity is 
27.5GWh. This yearly usage is relatively stable, varying be
tween 27.2GWh in 2019 and 27.8GWh in 2023. 

Natural gas is used for hot water boilers (59%), steam 
boilers (26%), and commercial cooking (15%). The yearly 
average usage of natural gas is 14.1GWh (which is con
verted from a GJ value to the GWh value). The portion of 
natural gas used for hot water boilers and steam boilers 
(i.e., 85%) can be fully electrified with a capital cost of 
$660/MWh (electrical energy equivalent to natural gas en
ergy). This costing is based on the 2024 capital project pric
ing. The emission from the remaining (i.e., 15%), used for 
cooking, can be offset by procuring carbon credits. 

We observe that the usage of electrical energy almost 
doubles that of natural gas in the hospital, with yearly av

erages of 27.5GWh and 14.1GWh, respectively. Their 5-year 
average data are used for the costing analysis in the follow
ing section. Correspondingly, the hospital’s energy emis
sions are dominated by electricity use. Figure 2 shows the 
emissions of Scopes 1-3. Scope 2 emissions account for the 
majority of these emissions, primarily from purchased grid 
electricity for medical and building services, such as build
ing cooling/heating, and lighting. Scope 1 emissions from 
natural gas consumption are approximately equal to Scope 
3 emissions from electricity use, being less than one-fifth of 
Scope 2 emissions from electricity use. Scope 3, which in
volves natural gas consumption, is the smallest component. 
Over the five-year period from 2019 to 2023, emissions de
creased, albeit modestly, with an average annual reduction 
of approximately 4%. 

III. Main Findings    

The decarbonisation of energy systems necessitates 
strategies that address both technological efficiency and 
market-based solutions (Arent et al., 2022; Blackburn et 
al., 2017). The electrification of natural gas boilers, for in
stance, requires consideration of the comparison of alter
native technologies and energy pricing. Natural gas boilers 
typically operate at an efficiency of 85%, and electric heat 
pumps can achieve a coefficient of performance (COP) of 
300% or higher (Holjevac et al., 2017). Alongside techno
logical advancements, green power purchasing offers con
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Figure 2. Carbon emissions   
Notes: This figure plots the hospital precinct energy emissions from 2019 to 2023, and its 5-year average. 

sumers an opportunity to buy zero-emission energy by opt
ing for electricity contracts that supply 100% renewable 
energy at a slightly higher cost. 

Furthermore, Australian Carbon Credit Units (ACCUs) 
provide entities with a market-based mechanism to meet 
emissions obligations by purchasing credits equivalent to 
their carbon reduction targets (CER, 2024). Together, these 
measures underscore the importance of integrating effi
ciency improvements with market-based instruments and 
consumer choices in achieving emissions reduction goals. 
Note that the case study is a major urban hospital with a 
helipad on the top of the hospital building and with very 
limited roof areas. Therefore, no onsite rooftop solar sys
tem is considered in this case study. 

To facilitate the hospital achieving net-zero energy car
bon emissions, twelve scenarios, shown in Table 1, were 
proposed based on varying combinations of green power 
purchase, carbon credits and electrification of natural gas 
boilers. Specifically, each scenario was constructed by vary
ing key inputs - the percentage of renewable electricity, 
emissions factors, and the price of green power purchases. 
For each scenario, two options are considered for costing 
purposes. Option 1 utilises the Australian CCM to finan
cially compensate for all energy emissions of the major ur

ban hospital. Option 2 utilises both green power purchase 
and the CCM, where the former ensures that all grid elec
tricity is emission-free, and the latter is applied to natural 
gas consumption. The costing results for the two options 
are calculated based on the CCM pricing, green power pur
chasing pricing, and energy emissions of each scenario. 

Scenario 1 is set as the base scenario. There is no consid
eration for electrifying natural gas boilers in Scenarios 1 to 
6; however, it is considered in Scenarios 7 to 12. 

In the base scenario, a 27% renewable electricity supply 
is assumed (Queensland Government, 2024). The Scope 2 
emission factor is 0.67 kg/kWh CO2-e, which represents 
the average emission per kilowatt-hour of electrical energy 
based on Australian Energy Market Operator data (AEMO, 
2024), and the Scope 3 emission factor is 0.1 kg/kWh CO2-e 
(DCCEEW, 2024). 

Currently, the additional cost for purchasing green 
power is $0.03/kWh. Without considering heating electri
fication, natural gas is used for hot water and steam gen
eration. Note that natural gas is also used for cooking, re
gardless of whether boilers are electrified. For Option 1, 
considering the carbon credit pricing of $40 per tonne of 
emissions (CER, 2024), the annual cost would be $967,938. 
However, Option 2 would cost $945,974 a year. There is a 
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Table 1. Yearly costing for various scenarios      

Scenarios 

Inputs Costing results 

Renewable 
percentagea 

Scope 2 & 3 electricity 
emission factor (kg/

kWh)b 

Green power 
purchase 

pricing (AUD)c 
Electrification 

Option 1: 
Carbon credit market for 

electricity and natural 
gas use 

(AU$40/Tonne)d 

Option 2: 
Green power 
purchase for 

electricity use 
+ 

Carbon credit 
market for 

natural gas use 

Difference 
between 

Option 1 and 2 

Difference (%) 
between Option 

1 and 2 

1 27% 0.77 $0.030 

Nil 

$967,938 $945,974 $21,963 2% 

2 40% 0.64 $0.020 $825,172 $678,288 $146,883 18% 

3 50% 0.55 $0.016 $726,334 $567,096 $159,238 22% 

4 60% 0.46 $0.014 $627,496 $492,967 $134,529 21% 

5 70% 0.37 $0.012 $528,659 $440,018 $88,640 17% 

6 80% 0.28 $0.010 $429,821 $400,307 $29,514 7% 

7 27% 0.77 $0.030 

Electrification 
of boilers 

$1,036,771 $1,014,938 $21,832 2% 

8 40% 0.64 $0.020 $861,731 $686,740 $174,991 20% 

9 50% 0.55 $0.016 $740,550 $550,411 $190,139 26% 

10 60% 0.46 $0.014 $619,369 $459,526 $159,843 26% 

11 70% 0.37 $0.012 $498,189 $394,607 $103,581 21% 

12 80% 0.28 $0.010 $377,008 $345,918 $31,089 8% 

Notes: This table reports the inputs and costing results of the 12 scenarios. 
a. 27% was obtained from Queensland Government website; the 50%, 70% and 80% renewable electricity percentages are based on Queensland government targets for 2030, 2032 and 2035 (Queensland Government, 2024) 
b. The emission factor is based on the Queensland energy generation statistics and the Australian Energy Market Operator carbon emission intensity data (AEMO, 2024). For the base scenario, it is 0.77 kg/kWh in 2024, and this figure is linearly extrapolated to the 80% re
newable scenario. 
c. Green power purchase in Australia is currently about $0.03 per kWh. This cost is added to energy retail pricing for the base scenario and linearly extrapolated to the 80% renewable scenario. 
d. Carbon credit pricing varied between $24 to $40 per tonne emission for 2023 (CER, 2024). $40 is used in the calculation. . 
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cost difference of $21,964 between Option 1 and Option 2, 
showing a 2% cost reduction for Option 2. Similarly, for the 
higher renewable scenarios (2-6), Option 2 offers a cost re
duction compared to Option 1. For Scenarios 3 and 4 (i.e., 
with renewable percentages of 50% and 60%), the cost re
duction percentages (22% and 21%) are higher than in other 
scenarios. These results demonstrate a consistently lower 
cost in Option 2, with costing differences maximised at re
newable percentages between 50% and 60%. This implies 
the existence of a critical tipping point at which a signifi
cant economic benefit can be generated. These findings un
derscore the importance of aligning investment strategies 
with the projection of renewable energy. 

For the electrification scenarios (Scenarios 7-12), similar 
cost reduction patterns are observed. Option 2 provides a 
cost deduction from 2% to 26% across the scenarios. Sce
narios 9 and 10 (i.e., with renewable percentages of 50% 
and 60%) also achieve the highest cost reduction percent
ages for Option 2 compared to Option 1. 

For the cost variations between scenarios with and with
out electrification, when the renewable percentages are rel
atively low (27% and 40%), the costs are higher for scenar
ios with electrification (i.e., Scenarios 7 and 8) than those 
without electrification (i.e., Scenarios 1 and 2). This sug
gests that electrification does not generate strong compet
itiveness when the renewable percentage is lower. When 
grid renewable percentages are relatively low, it may be 
more expensive to compensate for emissions from electri
fication than to use natural gas heating. Once the renew
able percentage exceeds 50%, the costs are lower for sce
narios with electrification (i.e., Scenarios 10-12) than those 
without electrification (i.e., Scenarios 4-6), regardless of 
options. These findings offer further implications for hos
pitals’ capital budgeting and infrastructure investments. 
Hospital management should leverage electrification tech
nologies to reduce costs and lower emissions. Policymakers 
should provide targeted incentives and support that align 
real options with national renewable energy targets, 

thereby facilitating a more effective transition to net-zero 
emissions. 

IV. Conclusion   

Aligned with Queensland’s 2030 target of achieving 50% 
renewable electricity, this study examined the economic 
outcomes of a major urban hospital’s efforts to achieve net-
zero energy emissions. Twelve scenarios were analysed, ex
ploring CCMs and green power purchasing, with six involv
ing electrifications. 

A higher grid renewable percentage is generally related 
to a lower cost for the same infrastructure. With a renew
able percentage higher than 50%, electrification has a 
promising impact in reducing costs for net-zero energy 
emissions. The results show that combining green power 
purchase of electricity with a CCM for natural gas use yields 
lower operational costs compared to relying solely on a 
CCM for both electricity and natural gas. This study pro
vides evidence-based, valuable insights and strategies for 
healthcare management on cost savings and emissions re
duction within urban hospital systems, as well as for pol
icymakers on providing efficient incentives and support to 
healthcare sectors to achieve this goal. 
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