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A paradigm shift is poised to redefine hemodialysis, 
transforming its most profound environmental failure into 
a benchmark of sustainability. This life-saving therapy that 
consumes  ~400-500 L of water per session, amounting 
to over 100,000 L per patient annually, in a world of 
escalating scarcity.1  The solution, however, flows directly 
from the problem itself: the spent dialysate we currently 
flush away.  In many jurisdictions,  regulatory frameworks 
compound this waste by classifying this effluent as 
hazardous, prohibiting its reuse, and institutionalizing 
a linear "take-make-dispose" model.2  This prohibition 
typically applies to spent dialysate, distinguishing it from 
the separate, less contaminated reverse osmosis (RO) 
reject water, whose reuse for non-potable purposes like 
landscaping is already implemented in some regions.  This 
stance is a relic of an outdated environmental ethos. 
We now stand at a critical juncture, armed with the 
technological prowess not merely to treat this wastewater 
but to valorize it, transforming an environmental burden 
into a stream of water, energy, and nutrients. The pivotal 
question has evolved from technical possibility to practical 
implementation: how do we dismantle the institutional 
and economic barriers to usher in this sustainable standard 
of care?

The urgency of this transition is unequivocal, driven by 
the significant ecological threat posed by spent dialysate. 
Far from being inert, this effluent is a complex and potent 
cocktail of high salinity, nitrogenous compounds, and 
orthophosphates.2 Its danger is magnified by a suite of 
emerging contaminants: antibiotic resistance genes (ARGs) 
that threaten public health, persistent "forever chemicals" 
(PFAS), and microplastics shed from dialysis equipment.2-5 
Ecotoxicological profiles confirm a severe and cumulative 
risk, where initial toxicity to aquatic organisms intensifies 
dramatically under prolonged exposure, signaling a 
capacity for lasting environmental damage.6 By continuing 
to discard this pollutant, the healthcare sector actively 
contributes to ecosystem eutrophication and the global 
spread of antimicrobial resistance.2,7 To persist in this 
path is  increasingly seen as both ecologically and ethically 
problematic.

Yet, within this challenge lies an unprecedented 
opportunity. The technological foundation for a circular 
dialysis economy is not a future concept; it is operational 
and proven. Advanced membrane processes like 
reverse osmosis (RO) and nanofiltration (NF) are ready, 
capable of removing over 95% of salts, pathogens, and 
persistent contaminants to reclaim high-purity water, 
slashing a facility's freshwater footprint by millions 
of liters annually.2,8  Crucially, any reuse of purified 
water or recovered resources must adhere to stringent 
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microbiological and chemical safety standards. This 
necessitates the implementation of robust, real-time 
monitoring systems, fail-safe bypass mechanisms to divert 
non-compliant streams, and transparent communication 
with patients and staff to build trust in these advanced 
recycling processes. But the vision extends beyond 
conservation. We must reimagine this wastewater as 
a liquid mine. Its rich nutrient load is ideally suited for 
struvite crystallization. This simple process can harvest 
ammonia and phosphorus to produce a premium, slow-
release fertilizer, turning waste into a valuable agricultural 
commodity.2,9 Simultaneously, the vast reservoir of thermal 
energy embedded in the warm effluent, representing 
a global annual loss of 1600 GWh, can be captured via 
heat exchangers, directly offsetting a facility's energy 
demands.2,9 Even nascent technologies like microbial fuel 
cells hint at a future where the dialysate itself powers its 
own treatment, epitomizing the innovative potential of 
this field.2,10

The true power of this approach is realized through 
integration. Envision a dialysis unit where spent dialysate 
first yields its thermal energy, then its nutrients as struvite, 
and is finally purified back to pristine water [Figure 1]. 
This closed-loop system is an engineering reality today. Its 
implementation can decimate the environmental footprint 
of dialysis, with studies projecting a 30–50% reduction in 
impacts through synergistic savings in water, energy, and 
carbon emissions from avoided fertilizer production.2 This 
is not speculative fiction; it is the practical application of 
existing technologies, with next-generation antifouling 
membranes already poised to enhance economic viability 
further.11  However, the feasibility of a fully integrated, 
closed-loop system varies significantly across healthcare 
settings. A stepwise, modular approach is often more 
pragmatic, allowing units to adopt technologies that align 
with local capacity and resources.

A candid assessment, however, reveals that the final 
barriers are not technical, but economic and regulatory. 
High upfront capital costs for RO, NF, and energy recovery 
systems limit adoption.2  The implementation of these 
systems involves significant infrastructure, including 
additional balance tanks, secondary purification units, heat 
exchangers, and crystallizers. Operationally, this translates 
to maintenance demands for managing membrane fouling 
(requiring regular cleaning cycles and replacement every 
1-3 years) and a need for trained technical staff for 
monitoring and preventive maintenance.2  The economic 
model for struvite is sensitive to market prices and requires 
the development of local agricultural partnerships.2,9 The 
most formidable obstacle is a regulatory impasse: outdated 
policies, blind to the resource potential of dialysate, create 
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a paralyzing cycle where proof of safety requires pilot 
projects, and pilot projects are forbidden by the very 
regulations that demand such proof.

To break this deadlock, a collective and courageous 
effort is imperative. We must catalyze a new dialogue 
with policymakers, shifting the focus from perceived 
risk to demonstrable opportunity. We must champion 
smart policies, including carbon credits, green subsidies, 
and innovation waivers, that recognize the immense 
environmental value of recycling. The onus is on the 
dialysis community, alongside engineers and scientists, 
to launch rigorous, monitored demonstration projects. 
These pilots are the essential crucibles for generating the 
irrefutable data needed to validate safety, prove feasibility, 
and ultimately compel the modernization of regulatory 
frameworks.2

Nowhere is the need for such innovative, scalable solutions 
more pressing than in rapidly expanding healthcare 
systems like India's. The Indian government's Pradhan 
Mantri National Dialysis Programme has dramatically 
increased access to care,12 simultaneously intensifying 
water and energy pressures. The heterogeneity of the 
Indian landscape, from large corporate hospitals in 
metropolitan areas to small, stand-alone units in peri-
urban and rural regions, demands a phased approach. 
Larger, well-resourced tertiary care centers are the ideal 
candidates to pilot advanced spent dialysate recycling 
systems, serving as national demonstration hubs to 
generate local data, build technical capacity, and guide the 
evolution of safety protocols. For smaller units, the initial 
focus must be on overcoming the fundamental regulatory 

and perceptual barriers to recognizing spent dialysate as 
a recyclable resource, laying the groundwork for future 
adoption as technologies become more modular and cost-
effective.

In conclusion, the recycling of hemodialysis spent 
dialysate represents a powerful and necessary evolution in 
renal care.  The science is robust, the technology is ready, 
and the economic and environmental logic is compelling. 
The final frontier is not in our laboratories, but in our 
boardrooms and legislative chambers. With concerted 
collaboration and a shared commitment to a sustainable 
future, we can transform the dialysis unit from a symbol of 
resource consumption into a beacon of circular innovation. 
The resources we discard today are the cornerstone of the 
resilient, responsible healthcare system we must build for 
tomorrow.

Conflicts of interest: There are no conflicts of interest.

Faissal Tarrass1, Meryem Benjelloun1 
1Center of Hemodialysis 2 Mars, Casablanca, Morocco

Corresponding author: Faissal Tarrass, Center of Hemodialysis 2 Mars, 
Casablanca, 20460, Morocco. E-mail: ftarrass@hotmail.com 

References 
1. 	 Tarrass F, Benjelloun M, Benjelloun O, Bensaha T. Water 

conservation: An emerging but vital issue in hemodialysis 
therapy. Blood Purif 2010;30:181-5.

2. 	 Tarrass F, Benjelloun M. Unlocking the circular economy potential 
of spent dialysate in hemodialysis. Nefrología 2025:501431.

3. 	 Zhu X, Ye C, Wang Y, Chen L, Feng L. Assessment of antibiotic 
resistance genes in dialysis water treatment processes. Front 
Environ Sci Eng 2019;13.

4. 	 Huang JK, Chuang YS, Wu PH, Tai CJ, Lin JR, Kuo MC, 
et al. Decreased levels of perfluoroalkyl substances in 
patients receiving hemodialysis treatment. Sci Total Environ 
2023;896:165184.

5. 	 Passos RS, Davenport A, Busquets R, Selden C, Silva LB, Baptista 
JS, et al. Microplastics and nanoplastics in haemodialysis waters: 
Emerging threats to be in our radar. Environ Toxicol Pharmacol 
2023;102:104253.

6. 	 Machado CK, Pinto LH, Del Ciampo LF, Lorenzi L, Correia 
CH, Häder DP, et al. Potential environmental toxicity from 
hemodialysis effluent. Ecotoxicol Environ Saf 2014;102:42-7.

7. 	 Tuvo B, Scarpaci M, Bracaloni S, Esposito E, Costa AL, Ioppolo M, 
et al. Microplastics and antibiotic resistance: The magnitude of 
the problem and the emerging role of hospital wastewater. Int J 
Environ Res Public Health 2023;20:5868.

8. 	  Tarrass F, Benjelloun M, Benjelloun O. Recycling wastewater 
after hemodialysis: an environmental analysis for alternative 
water sources in and regions. Am J Kidney Dis 2008;52:154-8.

9. 	 Maurer M, Schwegler P, Larsen TA. Nutrients in urine: Energetic 
aspects of removal and recovery. Water Sci Technol 2003;48:37-
46.

10. 	 McCarty PL, Bae J, Kim J. Domestic wastewater treatment as a 
net energy producer: can this be achieved? Environ Sci Technol 
2011;45:7100-6.

11. 	 Mu'azu ND, Zubair M, Alqahtani HA, Haladu SA, Manzar MS, 
Alharthi S, et al. Polymeric membranes for sustainable closed-

Figure 1: The closed-loop dialysis system.
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