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Overview

Evaporative cooling (EC) systems are an integral part of New South Wales’s (NSW) cooling
infrastructure, which exploit the high efficacy of water evaporation to deliver cooling across scales,
from small residential rooftop units to medium-capacity commercial buildings, and large industrial
processes, including emerging applications such as data centres and hydrogen production. In this
study, the authors conduct and present a summary of bottom-up, state-wide analysis of the current
and projected water and energy demand of EC systems in NSW. The work forms part of the NSW
Evaporative Cooling Roadmap (which was undertaken from 2023-2025), which provides a
comprehensive assessment of future opportunities and challenges for sustainable cooling.

Water Use Estimates for Evaporative Cooling in NSW

Error! Reference source not found. presents the estimated water use and projections for EC systems
across NSW for each sector, including residential scale, commercial building scale (e.g., offices,
hospitals, town halls, etc.), industrial scale, and emerging industries (e.g., data centres and hydrogen
electrolysis facilities). Their current total consumption is estimated at ~50 GL/year which represents
more than half of the production of the Sydney Desalination Plant (91 GL/year, which cost ~$2bn to
build [1]).

By sector, the industrial is the largest user, consuming an estimated 17.5 GL/yr or 35% of the total
water consumption of EC systems. This is followed by the residential and commercial sectors, with
around 13-14 GL/yr each. The emerging data centre and hydrogen group currently accounts for
comparatively small usage of about 5 GL or only 10% of the total water consumption of EC systems;
however, likely growth in both sub-sectors could well see this group’s usage meet or exceed that of
the commercial sector by 2030.

As for future trends, it is expected that evaporative cooling units in the residential sector will decline
due to the increase in popularity of split air conditioning systems. Growth in the commercial sector
cooling tower (CT) system fleet is expected to be steady, potentially increasing by >1% per annum,
aligned with broader population trends [2]. This projection is supported by growth in Australia’s
commercial real estate sector, which is expected to expand by approximately 2% annually based on
the increasing value of commercial properties [3]. Whereas for the industrial sector, it is expected to
remain the leading consumer of water for evaporative cooling through 2030, many facilities utilise
wastewater, onsite water sources, and/or have drought response infrastructure in place (e.g., once-
through seawater cooling), thereby reducing reliance on mains potable water. In addition, due to an
increasing focus on sustainable growth, evaporative cooling water consumption could be expected
to grow slower than target industrial growth rates of 1.5%/year.

By comparison with the other sectors, the demand for evaporative cooling water in the emerging
industries group (e.g., data centres and hydrogen production facilities) is forecast to grow
exponentially. Regarding data centres, which is critical infrastructure for a secure, modern digital
economy, NSW’s Data Centre installed power capacity is expected to increase from 3 TWh to >15
TWh in 2040, which is consistent with world-wide growth projections [4]. Using these growth
estimates and ‘business as usual’ data centre configurations (i.e., assuming a power usage
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effectiveness (PUE) of 1.4 and a current water use effectiveness (WUE) of 1.6 L per kWh of
electricity consumption), the cooling water demand may grow to exceed 30 GL/year by 2040.
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Figure 1. Annual water usage estimates for evaporative cooling systems (ECs)
across residential, commercial, industrial, and emerging sectors (i.e., data centres and
hydrogen production)
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Similarly for the hydrogen economy, our analysis found that the expected the water cooling for these
large-scale electrolysers (which is usually overlooked) would be ~7GL/year by the year 2040. It
should be noted that as rapidly evolving industries, these estimates could be shifted dramatically by
technological change and the adoption of best practices for sustainable design, development and
operation (e.g. quantum computing, switch to renewable energy, facility level free and/or air cooling).

Evaporative Cooling Water Use by Climate Zone

Taking residential houses and commercial buildings as an example, A state-wide assessment was
undertaken to estimate the water use of EC systems. Dwelling numbers were obtained at the
Statistical Area Level 2 (SA2) scale from the Australian Bureau of Statistics, with Sydney excluded
due to its low prevalence of EC units. Each SA2 was assigned to a climate zone (2, 4, 5, 6, 7, or 8),
reflecting differences in temperature and cooling demand. Penetration rates of EC systems were
estimated using a combination of available data and scaling assumptions. Tamworth (climate zone
4), with ~8,000 systems across 19,300 dwellings (~40% penetration), was used as a benchmark.
Other zones were assigned lower penetration rates: 11% (zone 2), 17% (zone 5), 6% (zones 6 and
7), and negligible in zone 8. Multiplying these rates by the dwelling stock gave an estimated 233,000
EC units across NSW, or 18% of non-Sydney dwellings. Water use was scaled by cooling degree
days (CDD) for each climate zone, with zone 4 having the highest cooling demand (~1,250 CDD).

Applying these factors, total residential EC water consumption was estimated at 13.9 GL/year, with
a range of 12.6—15.3 GL/year. Figure 2 shows the average annual water usage from EC in NSW at
different climates. The largest contribution came from climate zone 4, accounting for more than 60%
of total demand due to high unit penetration and hot, dry summers. These results provide the first
state-wide breakdown of residential evaporative cooling water use in NSW, highlighting regional
variability and the dominance of inland climate zones in driving consumption.
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Figure 2. Average annual evaporative air coolers water use in NSW (by SA2s).
Energy-Water Trade-offs: Dry Cooling with Water-Free Renewables

Dry cooling is not suitable to all climates and all applications. Fundamentally, it requires significantly
more heat exchanger area since heat transfer rates (W/m?) of water evaporation are on the order of
magnitude more that forced air convection. To achieve equivalent heat rejection, they will require
more fin surface area, which increases their size, weight, and cost. In addition, pumping air is much
less efficient than pumping water. If we compare typical coefficients of performance as defined by
Eq. (1) below, where the total heat rejection, Qg, if divided by the input pumping power, typical wet
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cooling system would have a COP in the range of 500-700, whereas a dry cooling unit would only
be in the range of 90-150 [5].

cop=—% (1)
Pfan/pump

Using the fact that the latent heat of phase change for water means that each Liter of evaporated
water rejects 2.2 kJ of heat, evaporating a GL of water evaporation rejects an enormous 2.2 TJ
(2,200 GJ) of heat. For a wet cooling tower with a 500-700 COP, a GL of water evaporation requires
3.1-4.4 GJ (873-1220 kWh) of pumping power per year. On the other hand, if a facility wanted to
save a GL of water by shifting to dry cooling powered by solar PV or wind, the fan power input would
now be 14.7-24.4 GJ (4,070-6,790 kWh), for a net increase in electricity of 2,850-5,920 kWh per GL
of water savings. Thus, although not possible in many applications due to space and cost limitation,
reducing all 50 GL/year of NSW water consumption by shifting to dry cooling would require additional
renewables electrical generation for cooling in NSW of 143-295 MWh (as compared to NSW'’s total
65,000 GWh annual electricity consumption in 2024). It should also be noted the capital cost of dry
cooling systems is much higher for dry cooling vs. wet cooling. In 2040, with our projected growth in
cooling demand from data centres and hydrogen, we would have to choose carefully between
significantly increased water or significantly increased cooling costs and increased renewable
energy generation. These trade-offs are summarised in Table 1.

Table 1. Simplified energy-water trade-offs for cooling

Cooling Design Energy Consumption for | Water Consumption for
Cooling Cooling

2025 NSW Evaporative | 43.7 — 61 MWh (Pumping”) 50 GL of water evaporation
Cooling Fleet (Residential,
Commercial, Industrial)

Switch NSW to 100% Dry | 186.2-356 MWh (Fans + | 0 GL of water evaporation
Cooling Pumping”)

Mssumes COP of 500-700 for wet cooling and a COP of 90-150 for dry cooling
Future Work

The Roadmap also investigated best practice interventions for each sector to reduce water use. In
the industrial sector, best practices such as waste heat recovery, alternative feedwater sourcing,
blowdown water recovery, and modular demand-based cooling represent viable strategies for some
facilities. A few key suggestions for future work from this work include: (i) Establishing a centralised,
statewide (or even nation-wide) cooling tower registry; (ii) Improving water use monitoring and report
frameworks for cooling towers; (iii) Enhancing evaporative cooling-specific water policy guidelines
and regulations; (iv) Data centre land use planning and development approvals integration with water
management frameworks of the NSW Water Strategy and the Greater Sydney Water Strategy.
Importantly, it should be noted that (i)-(iv) are needed because urban supplied water costs only ~$1-
5/kL (limited by iPart pricing structures), so supply costs alone are unlikely to drive change. Thus, it
is imperative that new approaches are identified to reduce water consumption via cost-effective,
sustainable options which safeguard NSW’s water security and public health into the future.
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