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Hemodialysis, an energy-intensive procedure consuming 
3-6 kWh of electricity per session,1 creates a critical 
dependency on reliable power for the survival of 
over 40,000 patients in Morocco. For the nephrology 
community, grid instability poses a direct risk to patient 
safety during treatment sessions. This vulnerability is 
exacerbated by climate change, which increases the 
frequency of extreme weather events that can disrupt 
power infrastructure, and by global energy market 
volatilities that threaten the affordability and security of 
fossil fuel imports. This research letter explores how the 
Power to Hydrogen (P2H) technology could decarbonize 
and secure the energy supply for dialysis units, offering a 
resilient and sustainable model for healthcare delivery that 
aligns with broader national goals.

Morocco's healthcare system faces a rapidly growing 
burden from ESKD. Current estimates indicate that 
the dialysis demand is increasing by 7% annually.2  This 
expanding cohort of patients is uniquely vulnerable to 
energy insecurity. Each missed treatment due to a power 
failure not only causes significant patient distress but 
also increases the risk of serious complications, including 
hyperkalemia and fluid overload, leading to higher visits 
to the emergency department and hospitalizations. The 
national grid remains heavily dependent on imported 
fossil fuels, creating a dual vulnerability: exposure to 
international price shocks and inherent supply chain 
disruptions.3 Consequently, dialysis clinics across the 
country are compelled to maintain diesel generators as 
a primary backup power source. This practice exposes 
patients and staff to harmful particulate emissions and 
nitrous oxides, generating approximately 2.5 kg of CO2 
per treatment session, fundamentally contradicting public 
health and environmental goals.

The current paradigm of diesel backup power is therefore 
unsustainable from both an environmental and a clinical 
perspective. The P2H technology presents a promising 
alternative by converting surplus renewable energy into 
storable hydrogen fuel, ensuring a continuous, clean power 
supply independent of the grid's immediate fluctuations.4 
This process of electrolysis uses electricity to split water 
into hydrogen and oxygen, providing a zero-carbon 
feedstock for fuel cells that can generate electricity on 
demand.  Morocco’s ambitious renewable energy strategy, 
aiming for 52% of its installed capacity from renewables 
by 2030, is already creating periods of significant energy 
surplus, particularly from its world-class solar and wind 
facilities.3 This surplus, which might otherwise be curtailed 
and wasted, represents a prime opportunity to produce 
cost-effective green hydrogen, turning a grid management 
challenge into a strategic asset for energy resilience.

Sustaining Moroccan Dialysis with Renewable Hydrogen

The primary advantage of P2H for dialysis backup is 
its ability to provide long-duration, zero-carbon energy 
resilience. Hydrogen has an exceptional energy density by 
weight, far surpassing that of lithium-ion batteries. This 
allows for the storage of large amounts of energy in a 
relatively small space, enabling backup power for days or 
even weeks without the issue of self-discharge that plagues 
chemical batteries.5  A real-world example demonstrated 
that a single 40-foot container of compressed hydrogen 
could power a standard 10-station dialysis clinic for over 
72 hours, guaranteeing the completion of all lifesaving 
treatments during extended outages.6 This capability 
directly addresses a primary concern for nephrologists 
and healthcare administrators: ensuring absolutely 
uninterrupted care. Furthermore, the technology is 
modular and scalable; systems can be deployed in urban 
centers or remote rural areas alike, improving equity of 
care. 

The public health co-benefits of transitioning from diesel 
to green hydrogen are substantial for the healthcare 
sector. Most importantly, eliminating diesel generators 
would remove a potent source of local air pollution from 
the immediate vicinity of healthcare facilities. This directly 
contributes to better ambient air quality for patients. On a 
broader scale, replacing diesel backup at a single medium-
sized clinic would eliminate approximately 750 tons of 
CO2 emissions annually, aligning the healthcare system's 
operations with its healing mission and advancing national 
climate objectives.

However, adoption barriers relevant to healthcare 
budgeting and planning must be acknowledged. The high 
capital expenditure (CAPEX) is the primary obstacle.  The 
initial investment for a complete P2H system, including 
electrolyzers, compression, storage tanks, and fuel cells, 
can be prohibitive for a single clinic's operating budget. 
Current estimates place the cost of a Proton Exchange 
Membrane (PEM) electrolyzer at approximately $1,200 per 
kW, meaning a 500-kW system required for a mid-sized 
clinic could represent an investment of nearly $600,000 
for the electrolyzer alone, with additional significant costs 
for storage and fuel cells.7 Furthermore, P2H systems incur 
significant round-trip efficiency losses, with a considerable 
portion of the original energy input lost during the 
conversion processes. The process of converting electricity 
to hydrogen and back to electricity has a typical round-
trip efficiency of only 40-50%, meaning more than half 
of the initial renewable energy is lost.8  For a nephrology 
audience, the key argument is that this energy tradeoff is a 
clinically justifiable one. The value proposition is not based 
on efficiency but on resilience and zero-carbon reliability. 
The priority is ensuring that lifesaving dialysis sessions 
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are completed regardless of external circumstances. 
Figure 1 outlines the primary trade-offs of deploying P2H 
technology for resilient dialysis care.

To realize this vision, the nephrology community must 
engage in advocacy and cross-sectoral collaboration. This 
involves championing innovative healthcare financing 
models, such as public-private partnerships where 
renewable energy firms install and maintain the P2H 
systems under a long-term power purchase agreement with 
the clinic. Under such a model, the clinic would pay for the 
energy service (e.g., per kWh of backup power provided) 
rather than bearing the full upfront CAPEX, transforming 
a capital expense into a predictable operational one. 
Furthermore, lobbying for targeted government grants 
and policy measures for medical facilities deploying green 
energy solutions is crucial to overcome the initial CAPEX 
hurdle.  Advocacy could focus on framing P2H for dialysis 
not as an energy project, but as a critical public health 
and patient safety initiative, eligible for dedicated climate 
adaptation or health infrastructure funds.

For nephrologists, the imperative is clear: energy resilience 
is patient safety. P2H technology offers a pragmatic 
and future-proof pathway to decarbonize dialysis care 
while dramatically enhancing its reliability against an 
unstable grid and a changing climate. By championing this 
integration, the renal community can play a pivotal role 
in pioneering a climate-resilient healthcare model. This 
approach safeguards patients from immediate treatment 

interruptions while also contributing to the mitigation of 
the broader public health impacts of climate change and 
air pollution, ultimately creating a more sustainable and 
secure future for renal care in Morocco and providing a 
replicable blueprint for other nations.

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, Morocco. E-mail: ftarrass@hotmail.com 

References
1. 	 Barraclough KA, Moller S, Blair S, Knight R, Agar JW, McAlister S, 

et al. Updating the data: The resource consumption of modern-
day hemodialysis systems. Kidney Int Rep 2024;9:1521-4.

2. 	 Ennajar O. Experience of public-private partnership in healthcare 
in Morocco: What lessons from purchasing hemodialysis 
services? Afric Sci J 2024;3:614.

3. 	 El Hafdaoui H, Khallaayoun A, Al-Majeed S. Renewable energies 
in morocco: A comprehensive review and analysis of current 
status, policy framework, and prospective potential. Energy 
Convers Manag: X 2025;26:100967.

4. 	 Berahab R, Zarkik A. The case of green hydrogen in morocco: 
A policy paper. 2022, The Friedrich Naumann Foundation for 
Freedom.

5. 	 Rivard E, Trudeau M, Zaghib K. Hydrogen storage for mobility: A 
review. Materials (Basel) 2019;12:1973.

6. 	 Mahytec hybrid system to power dialysis centre in Guinea. Fuel 
Cells Bulletin 2020;2020:8.

7. 	 Krishnan S, Koning V, Theodorus de Groot M, de Groot A, 
Mendoza PG, Junginger M, et al. Present and future cost of 
alkaline and PEM electrolyser stacks. Int J Hydrogen Energy 
2023;48:32313-30.

8. 	 Badwal SP, Giddey SS, Munnings C, Bhatt AI, Hollenkamp AF. 
Emerging electrochemical energy conversion and storage 
technologies. Front Chem 2014;2:79.

This is an open access journal, and articles are distributed  under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows 
others to remix, transform, and build upon the work non‑commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical 
terms.

How to cite this article: Tarrass F, Benjelloun M. Sustaining Moroccan Dialysis with 
Renewable Hydrogen. Indian J Nephrol. doi: 10.25259/IJN_676_2025

Received: 17-09-2025; Accepted: 25-09-2025;
Online First: 11-11-2025; Published: ***

DOI: 10.25259/IJN_676_2025

Figure 1: Primary trade-offs of deploying P2H technology for resilient dialysis 
care.


