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Comment

Redrawing facility boundaries to 
promote industrial water reuse
Naushita Sharma & Paul Lemar

US industrial sector water management 
traditionally overlooks high-value treated water 
reuse opportunities. To reshape the narrative 
around industrial water reuse, water-related 
process boundaries should be expanded to 
include all water sources and sinks and focus 
on opportunities for on-site circularity.

Water is a critical input in industry, but there is growing stress on water 
supplies in the USA1, such as from water quantity and quality concerns 
and the growth of data centres2. Encouragingly, corporate-level 
water-saving goals are being set3 and there are many opportunities to 
reuse water within industrial sites, but there are barriers to achieving 
these goals. In this Comment, we identify the barriers to water savings 
that we commonly see in our work with industrial water in the USA and 
recommend ways to increase facility-level water reuse.

Conflict between goals and incentives
Lack of incentives and data can be major barriers to water savings. 
Corporate-level water-saving goals are undermined by the low direct 
price of water that industry pays in the USA and a perception that water 
is a cheap utility. For example, average industrial water in the USA ranges 
from less than US$1 (for self-supplied surface or groundwater) to just 
under US$4 (for municipal supplied) per thousand gallons4 (or ~3,785 l). 
Such low water costs can lead to plants relying solely on external utility 
meters and not monitoring water use within a site. Compounding this, 
industrial sites might adopt a compliance-first posture, prioritizing 
regulatory discharge requirements as compliance issues are seen as 
acute risks to continued operation.

Our industry interactions also suggest that water-efficiency-
specific projects often yield minimal cost savings when evaluated 
solely on supplied water price. Such projects typically fall short of 
conventional 1–3-year payback periods and are often left unfunded. 
Site personnel are therefore expected to deliver measurable reductions 
while operating under tight resource constraints, limited data visibility 
and minimal financial motivation. Moreover, manufacturers often 
do not have dedicated water specialists, and responsibility for water 
is often spread across environmental, social, governance and safety 
teams, limiting focus and implementation of water reuse initiatives. 
While some corporations have developed niche funding practices 
to reward high-visibility, low-return water-efficiency projects, these 
constraints are still prevalent in industry.

Improving reuse by redrawing boundaries
Industrial sites must consider water reuse opportunities across all 
operations within a site. Industrial water use can be characterized as 

process water used for specific operational needs (such as cooling, 
heating, rinsing, washing, dilution or input to chemical reactions), 
product water that is incorporated into finished goods, and facility sup-
port water used for across multiple units in the facility such as boilers, 
cooling towers, domestic water and landscaping. Each use has unique 
quality requirements, such as conductivity limits or pH.

Conventional industrial water use tends to manage each sys-
tem that uses water separately, resulting in multiple isolated water 
streams, with some limited reuse within streams. This isolation leads 
to poor water efficiency (Fig. 1, left). Additionally, typical industrial 
water-efficiency programmes and best-practice guides prioritize boil-
ers and cooling towers (facility support water) because these utility 
systems are widespread and use large amounts of facility water5.

However, process water is a valuable reuse entity as it is often 
highly pure and expensive to produce. Hence, even at modest volumes, 
its marginal value of reuse is greatest. However, process water reuse 
within the same process is also the most complex owing to variability 
in contaminants6, strict quality targets that vary by sector and limited 
in-house expertise.

To increase reuse of water, such as high-quality process water, 
industrial facilities therefore need to adopt a source-to-sink perspec-
tive. In this approach, water discharged after initial use that cannot be 
recycled within the same process can act as a source for other industrial 
water uses within the site (sinks).

Initial targets for water reuse could include sources such as rinse 
waters, reverse osmosis reject water, and boiler and air-handling con-
densate. The water post initial use can be mapped to reuse in cooling 
towers and pre-rinse wash steps that would not require additional treat-
ment. Reuse could potentially also blend and/or condition streams for 
some uses. Blending relatively pure streams with outputs from reuse 
treatment technologies could create fit-for-purpose water that serves 
process needs while avoiding unnecessary disposal. This approach pri-
oritizes pairings where quality tolerance aligns with minimal treatment, 
creating unconventional reuse opportunities (Fig. 1, right).

Cost savings and contribution to water-saving goals are the pri-
mary incentives to this approach. The rising cost of sewer discharge4 
could make on-site reuse options more financially attractive. By item-
izing costs of treated water for each finished use (including the cost 
of disposal, chemicals, energy and operational costs), the incentives 
to avoid disposal become stronger. This shifts the balance towards 
enhanced reuse and goal achievements.

Implementing reuse
Expanding beyond conventional internal water reuse to include 
higher-value streams (such as process water) will require both tech-
nical and organizational readiness. Site managers should develop 
a facility water balance that maps all sources and sinks and should 
establish sufficient metering and data-quality requirements to make 
reuse decisions. Facilities should define fit-for-purpose water-quality 

 Check for updates

http://www.nature.com/nrct
https://doi.org/10.1038/s44359-026-00151-8
http://crossmark.crossref.org/dialog/?doi=10.1038/s44359-026-00151-8&domain=pdf


nature reviews clean technology

4.	 Unger, S. R., Kilgannon, E. M., Elliott, D. B., Cort, K. A. & Stoughton, K. L. M. Water and 
Wastewater Annual Price Escalation Rates for Selected Cities Across the United States: 2023 
Edition PNNL-34006 (US Department of Energy, 2023).

5.	 EPA WaterSense. Water Efficiency Management Guide Mechanical Systems (EPA, 2017).
6.	 Ahmed, M. et al. Recent developments in hazardous pollutants removal from wastewater 

and water reuse within a circular economy. npj Clean Water 5, 12 (2022).

Acknowledgements
This research was supported by the National Alliance for Water Innovation (NAWI) and the 
Better Plants Better Buildings Program funded by the US Department of Energy. The authors 
acknowledge the industry partners and the technical account managers from the Better 
Plants Program for their valuable insights through the discussions to further the topic area. 
The authors specifically acknowledge Y. Polsky (Oak Ridge National Laboratory), P. Fiske 
(NAWI) and P. Rao (Lawrence Berkeley National Laboratory) for subject matter discussions 
during project initiation. N.S. acknowledges P. Westerhoff (Arizona State University) for 
intellectual discussions around water reuse. Views and opinions expressed in this article 
are those of the authors alone and do not necessarily reflect those of the US Department 
of Energy or the US government, and no official endorsement should be inferred. This 
manuscript has been authored by UT-Battelle, LLC, under contract DE-AC05-00OR22725 
with the US Department of Energy (DOE). The US government retains and the publisher, 
by accepting the article for publication, acknowledges that the US government retains a 
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published 
form of this manuscript, or allow others to do so, for US government purposes. DOE will 
provide public access to these results of federally sponsored research in accordance with the 
DOE Public Access Plan (https://www.energy.gov/doe-public-access-plan).

Competing interests
The authors declare no competing interests.

targets for priority end uses and screen candidate reuse pathways that 
explicitly account for water-quality compatibility (Fig. 1). Treatment 
trains aligned to those targets should then be evaluated, ranging 
from incremental upgrades to niche treatment technologies, such as 
closed-circuit reverse osmosis, ion exchange, electrolysis-based treat-
ment, biological treatment, advanced membrane filtration and coagu-
lation. Finally, facilities should implement a transparent cost-allocation 
that captures full supply, treatment and disposal costs into corporate 
investment models to prioritize water-saving projects.
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Fig. 1 | Mapping facility water sources to sinks to facilitate industrial water 
reuse. Water use within facilities is often considered within operational boundaries, 
with some limited reuse within a process (left). Considering water resources across 

a facility incentivizes process water reuse by pairing used water with other uses 
across a facility (right). This pairing should consider water quality needs and cost. 
The thickness of the arrows qualitatively indicates the volumetric water flow.
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	Fig. 1 Mapping facility water sources to sinks to facilitate industrial water reuse.




