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Rationale & Objective: Hemodialysis is the most 
common form of kidney replacement therapy and 
has a significant environmental footprint, raising 
sustainability concerns as demand increases. This 
study aimed to assess the environmental impact 
of one aspect of the hemodialysis procedure, the 
type of container used to hold the acid concen
trate that is used to prepare dialysate.

Study Design: A retrospective cross-sectional 
life cycle assessment (LCA) of acid concentrate 
containers used in hemodialysis was conducted.

Setting & Participants: 15 hemodialysis centers 
in 3 Spanish regions participated, representing 
approximately 5% of the national hemodialysis 
population.

Exposure: 4 acid concentrate container types 
from 2 manufacturers were assessed: canisters 
(3.9 L), flexible bags (4.2 L), and centralized 
storage tanks (300 L and 600 L).

Outcomes: The primary outcome was the envi
ronmental impact of each container measured by 
carbon footprint (measured in kilograms of CO2 

equivalent [CO2eq]) and 16 additional environ
mental impact categories.

Analytical Approach: LCA was performed using 
openLCA software and the ecoinvent v3.10 
database, considering the full life cycle of the 

containers, including production, transport, and 
waste disposal.

Results: The 3.9-L canister had a CO2eq 1.63 
times higher than the 4.2-L flexible bag and 
2.63 times higher than the storage tanks (P < 
0.001). The main contributors to the carbon 
footprint were container production and waste 
disposal, particularly plastic use and canister 
production and disposal. Storage tanks had the 
lowest CO2eq (P < 0.001), with no difference 
between the 300-L and 600-L storage tanks. 
There were also significant differences in the 
environmental impact of different containers 
across 16 impact categories, with the greatest 
differences observed for freshwater ecotoxicity, 
nonrenewable energy use, and freshwater 
eutrophication.

Limitations: Assumptions regarding transport 
and disposal processes may introduce some 
variability. Additionally, financial costs were not 
assessed, which could influence container 
selection.

Conclusions: The choice of dialysate acid 
concentrate container is associated with a dif
ferential environmental impact. Thus, this study 
has identified a key potential approach to 
decrease the environmental impact of kidney 
replacement therapy.

The global health care industry is crucial for human 

well-being, yet it carries a significant environmental 

burden.1 Health care systems contribute to greenhouse gas 

emissions through different activities.2-6

There are 850 million people with kidney disease.7 In 

Spain, the number of people receiving kidney replacement 

therapy has increased by 20% in recent years and is pro

jected to reach as many as 1 million by the end of the 21st 

century.8 Hemodialysis relies on disposable medical sup

plies, water purification systems, and energy-intensive 

equipment,9 with production and distribution processes 

that have substantial environmental implications.

A key component of hemodialysis is the dialysate used 

to maintain body homeostasis.10,11 Liquid acid concen

trates used to adjust dialysate composition on site are 

available in various containers, including smaller formats 

such as flexible bags and canisters, as well as larger formats 

such as centralized storage tanks.12

Previous research by our group has explored strategies to 

optimize resource consumption in hemodialysis, high

lighting factors such as water and energy use, waste 

reduction, and operational efficiency as key areas for sus

tainability improvement.13 This study aimed to assess the 

sustainability performance of different dialysate acid 

concentrate containers from various manufacturing sites 

across Spain using life cycle assessment (LCA), a standard

ized methodology that evaluates the environmental impact 

of a product or process across its entire life cycle, from raw 

material extraction to disposal, under real-world conditions.

Methods
This is a retrospective cross-sectional study that used in

formation from 2022-2023. Ethical approval from a 
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research ethics committee was not required because the 

study did not involve human participants, animals, or 

sensitive data. The research was conducted in compliance 

with institutional and ethical guidelines.

Fifteen of 19 hemodialysis centers run by the Spanish 

Renal Foundation had enough data to participate in this 

study. The locations of the centers are shown in Figure S1. 

Collectively, these centers provide hemodialysis to ap

proximately 1,300 patients, which represents approxi

mately the 5% of the Spanish hemodialysis population 

(N = 26,650 at the end of 2022).14 Participating centers 

had different patterns of use of dialysate acid concentrate 

containers and used different providers that supplied acid 

concentrates with different compositions in different types 

of containers (Fig 1, Table 1, and Table S1).

The study analyzed the carbon footprint by using life 

cycle assessment (LCA), whereby each element, “from 

cradle to grave,” was considered, including manufacturing 

and transportation of products, energy use, and transport 

and disposal of used products. Furthermore, 16 separate 

environmental impact categories were examined in this 

study (Table S2).15

Primary data include details about the dialysate acid 

concentrate (center, date, container consumption, con

tainer format, and distance between facilities), number of 

hemodialysis sessions (center, number of hemodialysis 

sessions, type of hemodialysis, date), and container pack

aging specifications (empty container weight, carton use 

per unit, container units per pallet; Supplementary File 2

and Table S3). Secondary data such as published evidence 

on water disposal were found online.

One-way travel from the factory to distribution centers 

and then to dialysis centers was calculated based on 

container weight, enclosed liquid, packaging, and wooden 

pallet material using Google Maps distances. Transport from 

the dialysis center to the incinerator considered only the 

container and packaging weight (Supplementary File 3). 

The system’s scope is shown in Fig S2.

The functional unit for this comparative LCA was the 

use of the different dialysate acid concentrate containers 

during one hemodialysis session for one patient.

The percentage of the storage tank volume consumed in 

one hemodialysis session was calculated monthly. First, the 

number of canisters or flexible bags (ie, small formats) 

used was subtracted from the total number of hemodialysis 

sessions performed, with the remaining sessions corre

sponding to the use of centralized acid storage (300-L or 

600-L tanks). Then, the number of storage tanks 

consumed was divided by the remaining number of he

modialysis sessions in which individual canisters or bags 

had not been used. The percentages of the volumes of the 

storage tanks consumed in one hemodialysis session were 

approximately 0.6% and 1.2% for the 600-L and 300-L 

storage tanks, respectively. In other words, a single stor

age tank supplies approximately 85 and 174 hemodialysis 

sessions in the case of 300-L and 600-L storage tanks, 

respectively (Table S4).

LCA Assumptions and Exclusions
It was assumed that water used to dispose of the acid un

dergoes standard municipal treatment and is eventually 

discharged into waterways, reflecting common industry 

practices.16 The consumption of canisters or bags was 

assumed to be 1 unit per hemodialysis session, as calculated 

for centers that used only small formats (average of 0.9 units 

per treatment for 2022 and 2023). The manufacturing 

method for canisters and bags involved stretch blow mold

ing, a common packaging industry technique.17 The 300-L 

storage tank was assumed to be 100% linear low-density 

polyethylene, although its actual composition was an un

known mix of polypropylene and polyethylene. The pro

duction phase of pallets was excluded from the assessment.

Recycling of plastic materials was not considered; 

disposal was assumed to occur through incineration at 

facilities.18 Because of the absence of specific processes in 

the ecoinvent database v3.10, which provides high-quality 

life cycle inventory data for industries, materials, and energy 

sources, certain substitutions were made: glucose instead 

of glucose monohydrate, magnesium chloride instead of 

magnesium chloride hexahydrate, and calcium chloride 

instead of calcium chloride dihydrate (Supplementary File 

3). Transportation of materials and products was assumed 

to be via diesel-powered 16- to 32-ton trucks.19

Although this study focuses on environmental impact, 

financial costs also influence container choice and should 

be explored in future research.

Table 1. Distribution of Centers by Manufacturer and Container 
Type

Manufacturer
3.9-L 
Canister

4.2-L 
Flexible 
Bag

Storage Tank

600 L 300 L
A 9 0 4 0
B 0 7 0 3

PLAIN-LANGUAGE SUMMARY
Hemodialysis is a lifesaving treatment for people with 

kidney failure, but it also has a significant environ

mental impact. One overlooked factor is the variety of 

formats in which the acidic solution used in dialysis is 

delivered: small plastic canisters, flexible bags, and large 

storage tanks. This study examined the environmental 

impact of these container options across multiple dial

ysis centers in Spain. We found that storage tanks had 

the lowest environmental footprint, whereas plastic 

canisters had the highest. These findings highlight a 

practical way for dialysis providers and consumers to 

reduce waste and carbon emissions by selecting more 

sustainable container options, improving the environ

mental impact of kidney care.
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LCA Software
openLCA, an open-source software used to analyze the 

environmental impact of products and processes (https:// 

www.openlca.org/download-form/), was used alongside 

the ecoinvent database v3.10 (https://ecoquery.ecoinvent. 

org/3.10/cutoff/search) to calculate the environmental 

footprint of each acid form in kilograms of CO2 equivalent 

(CO2eq). CO2eq is a standard unit referring to carbon di

oxide and other greenhouse gases (eg, methane, nitrous 

oxide, and others).

Life Cycle Impact Assessment
Life cycle impact assessment is a phase of LCA that eval

uates the environmental impacts of different dialysate acid 

concentrate containers. It was used to quantify 16 envi

ronmental impacts, including freshwater ecotoxicity, 

nonrenewable energy resource consumption, freshwater 

eutrophication, climate change, photochemical oxidant 

formation (which negatively affects human health), par

ticulate matter formation, noncarcinogenic human 

toxicity, acidification, marine eutrophication, terrestrial 

eutrophication, metals and minerals resource depletion, 

water use, carcinogenic human toxicity, land use, ionizing 

radiation (which impacts human health), and ozone 

depletion (Table S2). Environmental impacts were 

normalized using global averages from the ecoinvent 

database and expressed in person-equivalents to measure 

their significance relative to an individual’s typical daily 

environmental footprint.

A contribution analysis examined the impact of each 

process stage: transport from the factory to the logistic 

center, transport from the logistic center to the dialysis 

center, transport from the dialysis center to the incinerator, 

and acid container format production and waste disposal. 

Based on these results, a detailed analysis of the carbon 

footprint was conducted for the production and waste 

disposal of the canister and the flexible bag.

Statistics
RStudio (https://socialsciences.mcmaster.ca/jfox/Misc/ 

Rcmdr/) was used for data management, calculations, 

and statistics to compare the environmental impact of 

different acid concentrate containers.

Table S4 summarizes the storage tank consumption for 

each treatment in each center. One outlier from center 1 

was deleted as a result of suspected human error. The 

average tank consumption percentage for each hemodial

ysis session was used to obtain the carbon footprint per 

treatment in each center.

Based on the sample sizes of these groups—3.9-L 

canister (n = 9), 4.2-L flexible bag (n = 7), 600-L stor

age tank (n = 4), and 300-L storage tank (n = 3)—a 

nonparametric Mann-Whitney U test was performed to 

evaluate the difference in carbon footprints of a single 

hemodialysis session between the 3.9-L canister and the 

4.2-L flexible bag and between the 600-L and 300-L 

storage tanks. Because the comparison between storage 

tanks did not yield significant results, storage tanks were 

treated as one group, and the same test was repeated for 

the 3.9-L canister versus the storage tanks and the 4.2-L 

flexible bag versus the storage tanks. GraphPad Prism 8 

was used for data visualization.

Results

Carbon Footprint Analysis
The LCA analysis showed a CO2eq footprint difference 

between the smaller formats and storage tanks (P < 
0.001), as well as between the different-sized small- 

format containers from the 2 manufacturers (P < 0.001; 

Fig 2). Storage tanks displayed the lowest CO2eq foot

print, and there were no differences between the 300-L 

and 600-L storage tanks (1.54 [95% CI, 1.39-1.68] and 

1.52 [95% CI, 0.1.05-1.99] kg of CO2eq per hemodi

alysis session, respectively; P = 0.4). The largest CO2eq 

Figure 1. Visualization of the dialysate acid concentrate container formats: (A) A 3.9-L canister (manufacturer A), (B) 4.2-L flexible 
bag (manufacturer B), (C) 600-L storage tank (manufacturer A), and 300-L storage tank (manufacturer B).
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footprint was observed for the 3.9-L canister (4.02 

[95% CI, 3.80-4.24] kg of CO2eq per hemodialysis 

session), which was significantly higher than for the 

4.2-L flexible bag (2.469 [95% CI, 2.25-2.67] kg of 

CO2eq per hemodialysis session; Fig 2). Thus, the 

CO2eq footprint for the 3.9-L canister was 1.63 times 

higher than for the 4.2-L flexible bag and 2.63 times 

higher than for the storage tanks.

Carbon Footprint Contribution Analysis
The largest contribution to the CO2eq footprint of the 

different acid concentrate containers was the container 

production and waste disposal, which accounted for 

77.22% of the overall CO2eq footprint for 3.9-L canisters, 

64.01% for 4.2-L flexible bags, and 59.58% for storage 

tanks, corresponding to absolute values of 3.10, 1.58, and 

0.91 kg CO2eq per hemodialysis session (Fig 3). Thus, 

container production and waste disposal also represent the 

main differences between the canisters and the flexible 

bags, as well as between them and the storage tanks. 

Storage tanks displayed the lowest values for all the pro

cesses involved.

Contribution Analysis of Production and Waste 
Disposal of Acid Concentrate Canisters and 
Flexible Bags
We next focused on the largest contributor to the CO2eq 

footprint, the container production and waste disposal of acid 

concentrate canisters (Fig 4). The acid concentrate 

compounds were the largest individual contributor to the 

CO2eq footprint. The different CO2eq footprints between 

3.9-L canisters and 4.2-L flexible bags was explained mainly 

by the plastic use, container stretch blow molding, and 

incineration. In this regard, plastic use was 5-fold higher in 

3.9-L canisters than in 4.2-L flexible bags (0.3 g vs 0.059 g).

Life Cycle Impact Assessment
The normalized quantification of 16 environmental impact 

categories (Table S2) was also consistent with a gradient 

from highest to lowest environmental impact from 3.9-L 

canisters to 4.2-L flexible bags to storage tanks (Fig 5

and Table S5). The largest impacts corresponded to 

freshwater ecotoxicity, nonrenewable energy resources, 

and freshwater eutrophication.

Discussion
The main finding of the present study is that a holistic LCA 

approach indicates that the nephrologist choice of dialysate 

acid concentrate container has a large environmental 

impact, and this information should be incorporated into 

the overall decision-making process.

Storage tanks displayed the lowest carbon footprint, and 

there were no differences between the 300-L and 600-L 

storage tanks. The largest difference was observed be

tween the use of canisters and storage tanks, with canisters 

exhibiting a carbon footprint 2.63 times larger than that of 

storage tanks. Furthermore, 3.9-L canisters appeared to be 

less sustainable than 4.2-L flexible bags, with a carbon 

footprint 1.63 times higher in the case of canisters.

This study supports that centralized delivery of acid 

concentrate into dialysate will decrease its environmental 

impact. Moreover, individualized dialysate would still be 

possible at centralized hemodialysis centers by using 

smaller containers for patients who need customization. 

Furthermore, the incorporation of centralized acid 

concentrate would reduce workers’ health risks associated 

with handling multiple heavy containers.20 In addition, the 

centralized liquid offers convenience in its use, avoids 

storage of individual containers, and simplifies waste 

disposal. However, centralized delivery of acid concentrate 

requires an initial investment in infrastructure and space to 

host the system. The decision regarding which type of 

container to use is made by consensus between medical 

management and the maintenance service. Management 

aims to protect the environment, but these decisions also 

depend on the available space within the center.

There are also differences in the environmental impact 

between smaller container formats mainly related to the 5- 

fold greater use of plastic in 3.9-L canisters versus 4.2-L 

flexible bags, which is associated with a lager carbon 

footprint for plastic use. Canister production and waste 

disposal were less sustainable than the use of flexible bags. 

Thus, the design of flexible bags by manufacturer B allows 

for better segregation of waste, reducing its weight and 

volume.

Figure 2. Bar plot of the average carbon footprint (with 95% CI) 
generated per single hemodialysis session in different centers 
according to the use of different acid concentrate containers: 
600-L storage tank (n = 4) and 3.9-L canister (n = 9; manufac
turer A) and 300-L storage tank (n = 3) and 4.2-L flexible bag 
(n = 7; manufacturer B). The Mann-Whitney U test was used 
to compare the following groups: 600-L vs 300-L storage 
tank, storage tank vs 3.9-L canister, storage tank vs 4.2-L flexible 
bag, and 3.9-L canister vs 4.2-L flexible bag. Asterisks indicate 
levels of statistical significance: *P < 0.05, **P < 0.01, and 
***P < 0.001. ns, not significant (P ≥ 0.05).
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LCA represents the current gold standard for assessing 

environmental impact because it accounts for the full life 

cycle of the assessed process. The results nicely comple

ment those of Di Chiaro et al (2024),21 providing valuable 

insights into “green nephrology.” The dialysis centers in 

the present study perform 163,515 hemodialysis sessions 

every year. Thus, the 1.63-fold difference in the CO2eq 

footprint between canisters and flexible bags represents an 

excess of 255,830 kg of CO2eq per year if all patients in 

these centers used one versus the other type of container. 

This is equivalent to flying from London to New York 429 

times; in other words, each hemodialysis session differ

ence would correspond to driving a car for approximately 

3.32 miles. When comparing storage tanks versus 

canisters, the difference would be 407,392 kg CO2eq per 

year if all patients in these centers used one versus the 

other type of container. This is equivalent to flying from 

London to New York 682 times; each hemodialysis session 

difference would correspond to driving a car for approx

imately 5.29 miles.

Beyond carbon footprint, the 3 highest-impact cate

gories were freshwater ecotoxicity, nonrenewable energy 

resource use, and freshwater eutrophication. Freshwater 

ecotoxicity is driven by acid-laden wastewater discharge, 

which lowers pH levels, disrupting the biological functions 

of organisms and decreasing biodiversity.22 The 3.9-L 

canister is associated with considerably greater freshwater 

ecotoxicity impact, contributing approximately 33.3% of 

Figure 3. Carbon footprint contribution (with 95% CI) per single hemodialysis session (treatment) across each stage, from produc
tion to waste disposal, including transportation from the factory to the logistic center, from the logistic center to the dialysis center, 
and from the dialysis center to the incinerator for waste disposal. The analysis covers the following groups: 4.2-L flexible bag (n = 7), 
3.9-L canister (n = 9), and storage tanks (600-L and 300-L combined; n = 7). CO2eq, CO2 equivalent.

Figure 4. Carbon footprint contribution analysis per treatment of the production and waste disposal of 3.9-L canisters and 4.2-L 
flexible bags. CO2eq, CO2 equivalent.
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the average daily freshwater ecotoxicity impact of an in

dividual, compared with 20.9% and 17.0% for the 4.2-L 

flexible bag and storage tanks, respectively. This trend is 

echoed in nonrenewable energy use, which is driven by 

transportation processes. Using the 3.9-L canister increases 

the average nonrenewable energy use by the patient by 

31.6%, compared with 17.9% and 10.8% for the 4.2-L 

flexible bag and storage tanks, respectively. Finally, fresh

water eutrophication is driven by nutrient runoff,23

whereby the use of 3.9-L canisters increases the patient’s 

contribution by 24.2%, compared with 13.8% and 8.9% for 

the 4.2-L flexible bag and storage tanks (Table S5).

To mitigate the environmental impact of dialysis, 

reducing reliance on distribution centers, implementing 

localized distribution networks, and adopting direct de

livery models could minimize transportation emissions. 

Transitioning to electric or green-energy vehicles would 

further reduce carbon emissions. Furthermore, the adop

tion of in situ production of powder-based dialysate, 

which is currently not used in the studied centers, offers 

financial and environmental savings by reducing trans

portation and storage needs at the same time it reduces the 

carbon footprint and medical waste from liquid concen

trates. However, it requires significant initial investment 

and trained personnel.24

Some limitations should be acknowledged. Assump

tions were carefully considered to ensure a comprehensive 

yet manageable analysis of the products’ life-cycle envi

ronmental impacts. Nevertheless, they might slightly in

fluence the carbon footprint, such as the type of plastic 

used in the 300-L storage tank or the use of nonhydrated 

forms of dialysate components. However, these as

sumptions would only marginally influence the results 

and not affect the conclusions. Moreover, if plastic is 

recycled instead of incinerated, the carbon footprint 

would be significantly reduced, despite the challenges 

with plastic recycling and microplastic generation.25

Furthermore, no comprehensive assessment of the envi

ronmental impact of other aspects of hemodialysis, such 

as water or power use, is provided. Ongoing studies are 

addressing this point that is not adequately covered in the 

existing literature.26

In conclusion, the choice of dialysate acid concentrate 

container has a large environmental impact. Transitioning 

to centralized acid, research on implementing localized 

distribution networks, and exploring the environmental 

impact of replacing liquid acid concentrate with acid 

powder can increase the sustainability of hemodialysis 

treatment. To achieve these goals, tools like openLCA are 

essential for measuring environmental indicators in 

nephrology. Finally, the environmental impact of hemo

dialysis is inevitable and inherent to its implementation, 

but it can be minimized if sustainability is included in 

decision-making.

Figure 5. Bar plot of the normalized impact category results for the different dialysate acid concentrate containers when used in one 
hemodialysis session. Data are expressed as the average daily impact per person (95% CI). CO2eq, CO2 equivalent.
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Figure S2: System boundaries for the life cycle of the different 
types of dialysate acid concentrate containers.

Table S1: Composition of 1 L of dialysate acid concentrate ac
cording to the manufacturer

Table S2: Description of the 16 impact categories

Table S3: Packaging specifications

Table S4: Percentage of the volume of the storage tanks consumed 
in one hemodialysis session

Table S5: Impact category results for each acid concentrate 
container type

Supplementary File 2 (XLSX). Dialysate acid concentrate info and 
number of hemodialysis sessions.

Supplementary File 3 (XLSX). Liquid production, liquid packaging, 
transport logistics, and acid bag format consumption per center.

Article Information

Authors’ Full Names and Academic Degrees: Rodrigo Martínez 
Cadenas, MSc, Julia Audije-Gil, PhD, María Dolores Arenas, MD, 
PhD, Natalia Martín Vaquero, MSc, Jesús Portillo, MSc, James 
Larkin, BSc, Abass Fehintola, MSc, Alberto Ortiz, MD, PhD, and 
Brett Duane, PhD.

Authors’ Affiliations: Department of Nephrology and Hypertension, 
Instituto de Investigaci�on Sanitaria Fundacion Jimenez Diaz (RMC, 
AO) and Department of Medicine, Faculty of Medicine (AO), 
Universidad Aut�onoma de Madrid; Unidad de Investigaci�on, 
Fundaci�on Renal Espa~nola (JA-G, MDA, NMV, JP), and 
RICORS2040 (AO), Madrid, Spain; and School of Dental, Child 
and Public Health, Trinity College Dublin, Dublin, Ireland (JL, AF, 
BD).

Address for Correspondence: Rodrigo Martínez Cadenas, MSc, 
Department of Nephrology and Hypertension, IIS-Fundacion 
Jimenez Diaz UAM, Av. de los Reyes Cat�olicos, 2, 
Moncloa–Aravaca, 28040 Madrid, Spain. Email: 
rodrigomartinezc@iqs.url.edu

Authors’ Contributions: Research idea and study design: MDA, JA- 
G, BD, RM; data acquisition: NMV, JP, MDA, JA-G, RM, AF, JL; data 
analysis/interpretation: RM; statistical analysis: RM; mentorship: 
AO, MDA, JA-G, BD. Each author contributed important 
intellectual content during manuscript drafting or revision and 
agrees to be personally accountable for the individual’s own 
contributions and to ensure that questions pertaining to the 
accuracy or integrity of any portion of the work, even one in which 
the author was not directly involved, are appropriately investigated 
and resolved, including with documentation in the literature if 
appropriate.

Support: Dr Ortiz was funded by Comunidad de Madrid en 
Biomedicina P2022/BMD-7223, CIFRA_COR-CM, Instituto de 
Salud Carlos III (ISCIII) FIS/Fondos FEDER (ERA-PerMed-JTC2022 
SPAREKID AC22/00027), RICORS program to RICORS2040 
(RD21/0005/0001) cofunded by European Union–NextGenerationEU; 
Mecanismo para la Recuperaci�on y la Resiliencia (MRR) and 
SPACKDc PMP21/00109, FEDER funds; COST Action PERMEDIK 
CA21165, supported by COST (European Cooperation in Science 
and Technology); PREVENTCKD Consortium Project 101101220 
Programme: EU4H DG/Agency HADEA; KitNewCare Project 
101137054, call HORIZON-HLTH-2023-CARE-04, programme 

HORIZON; DG/Agency HADEA; and PICKED project 101168626 
HORIZON-MSCA-2023-DN-01-01 MSCA Doctoral Networks 2023. 
The funders had no role in study design, data collection, analysis, 
reporting, or the decision to submit for publication.

Financial Disclosure: Dr Ortiz has received grants from Sanofi and 
consultancy or speaker fees or travel support from Advicenne, 
Alexion, Astellas, AstraZeneca, Amicus, Amgen, Bioporto, 
Boehringer Ingelheim, Fresenius Medical Care, GSK, Bayer, Sanofi- 
Genzyme, Sobi, Menarini, Mundipharma, Kyowa Kirin, Lilly, Freeline, 
Idorsia, Chiesi, Otsuka, Novo-Nordisk, Sysmex, Vifor Fresenius 
Medical Care Renal Pharma, and Spafarma, is the director of the 
Catedra UAM–AstraZeneca of chronic kidney disease and 
electrolytes, and owns stock in Telara Farma. The remaining 
authors declare that they have no relevant financial interests.

Peer Review: Received November 4, 2024. Evaluated by 2 external 
peer reviewers, with direct editorial input from a Statistics/Methods 
Editor, an Associate Editor, and the Editor-in-Chief. Accepted in 
revised form June 2, 2025.

References
1. Lenzen M, Malik A, Li M, et al. The environmental footprint of 

health care: a global assessment. Lancet Planet Health. 2020;4 
(7):e271-e279. doi:10.1016/S2542-5196(20)30121-2

2. Mortimer F, Isherwood J, Wilkinson A, Vaux E. Sustainability in 
quality improvement: redefining value. Future Healthc J. 
2018;5(2):88-93. doi:10.7861/futurehosp.5-2-88

3. Lim AEK, Perkins A, Agar JWM. The carbon footprint of an 
Australian satellite haemodialysis unit. Aust Health Rev. 
2013;37(3):369. doi:10.1071/AH13022

4. Nagai K, Barraclough K, Ueda A, Itsubo N. Sustainability in dialysis 
therapy: Japanese local and global challenge. Ren Replace Ther. 
2021;7(1):1-6. doi:10.1186/s41100-021-00360-w

5. Brown LH, Buettner PG, Canyon DV. The energy burden and 
environmental impact of health services. Am J Public Health. 
2012;102(12):76-82. doi:10.2105/AJPH.2012.300776

6. Barraclough KA, McAlister S. Assessing the carbon footprint 
of hemodialysis: a first step toward environmentally sustainable 
kidney care. J Am Soc Nephrol. 2022;33(9):1635-1637. doi: 
10.1681/ASN.2022060661

7. Jager KJ, Kovesdy C, Langham R, Rosenberg M, Jha V, 
Zoccali C. A single number for advocacy and communication- 
worldwide more than 850 million individuals have kidney dis
eases. Nephrol Dial Transplant. 2019;34(11):1803-1805. doi: 
10.1093/ndt/gfz174

8. Ortiz A; Asociaci�on Informaci�on Enfermedades Renales 
Gen�eticas (AIRG-E), European Kidney Patients’ Federation 
(EKPF). Federaci�on Nacional de Asociaciones para la Lucha 
Contra las Enfermedades del Ri~n�on (ALCER), Fundaci�on 
Renal �I~nigo �Alvarez de Toledo (FRIAT), Red de Investigaci�on 
Renal (REDINREN), Resultados en Salud 2040 (RIC
ORS2040), Sociedad Espa~nola de Nefrología (SENEFRO) 
Council, Sociedad Espa~nola de Trasplante (SET) Council, 
Organizaci�on Nacional de Trasplantes (ONT). RICORS2040: 
the need for collaborative research in chronic kidney disease. 
Clin Kidney J. 2021;15(3):372-387. doi:10.1093/ckj/sfab170

9. Vanholder R, Agar J, Braks M, et al. The European Green Deal 
and nephrology: a call for action by the European Kidney 
Health Alliance. Nephrol Dial Transplant. 2023;38(5):1080- 
1088. doi:10.1093/ndt/gfac160

10. Ghista D. Biomedical Engineering of Pancreatic, Pulmonary, 
and Renal Systems, and Applications to Medicine. Academic 
Press; 2023.

11. Ure~na-Torres P, Bieber B, Guebre-Egziabher F, et al. Citric 
acid-containing dialysate and survival rate in the Dialysis 

622 AJKD Vol 86 | Iss 5 | November 2025

Martínez-Cadenas et al

https://doi.org/10.1053/j.ajkd.2025.06.009
mailto:rodrigomartinezc@iqs.url.edu
https://doi.org/10.1016/S2542%2D5196%2820%2930121%2D2
https://doi.org/10.7861/futurehosp.5%2D2%2D88
https://doi.org/10.1071/AH13022
https://doi.org/10.1186/s41100%2D021%2D00360%2Dw
https://doi.org/10.2105/AJPH.2012.300776
https://doi.org/10.1681/ASN.2022060661
https://doi.org/10.1681/ASN.2022060661
https://doi.org/10.1093/ndt/gfz174
https://doi.org/10.1093/ndt/gfz174
https://doi.org/10.1093/ckj/sfab170
https://doi.org/10.1093/ndt/gfac160
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref10
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref10
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref10


Outcomes and Practice Patterns Study. Kidney360. 2021;2 
(4):666-673. doi:10.34067/KID.0006182020

12. Frederick S. Biocompatibility of materials in medical devices. 
In: Begley TP, ed. Wiley Encyclopedia of Chemical Biology. 
John Wiley and Sons; 2007:1-8.

13. Arenas Jim�enez MD, Audije-Gil J, Martínez R, et al. How to 
improve the environmental impact in haemodialysis: small ac
tions, big changes. Clin Kidney J. 2025;18(2):sfae407. doi: 
10.1093/ckj/sfae407

14. Mahillo Dur�an B. Registro Espa~nol de Enfermos Renales 
(REER). Presented at: 53rd Congress of the Spanish Society 
of Nephrology; November 11-14, 2023; Granada, Spain. Avail
able from: https://www.senefro.org/contents/webstructure/ 
SEN_2023_REER_V2_1_.pdf

15. Hillege L. Impact categories (LCA): the complete overview. 
Ecochain. June 7, 2019. Accessed May 21, 2024. https:// 
ecochain.com/blog/impact-categories-lca/

16. Tarrass F, Benjelloun O, Benjelloun M. Towards zero liquid 
discharge in hemodialysis. Possible issues. Nefrología. 
2021;41(6):620-624. doi:10.1016/j.nefro.2020.12.012

17. Mahajan MH, Lonare GM. Bottle blow molding. Int Res J Eng 
Technol. 2019;6:12.

18. Margallo M, Aldaco R, Bala A, Fullana P, Irabien A. Best 
available techniques in municipal solid waste incineration: 
state of the art in Spain and Portugal. Chem Eng Trans. 
2012;29:1345-1350. doi:10.3303/cet1229225

19. ACEA–European Automobile Manufacturers’ Association. Fuel 
types of new trucks: diesel 96.5%, electric 0.4%, alternative 
fuels 2.9% market share in 2020; March 12, 2021. Accessed 
August 13, 2024. https://www.acea.auto/fuel-cv/fuel-types-of- 

new-trucks-diesel-96-5-electric-0-4-alternative-fuels-2-9-market- 
share-in-2020/

20. Abdalla S, Apramian SS, Cantley LF, et al. Occupation and risk 
for injuries. In: Mock CN, Nugent R, Kobusingye O, et al., eds. 
Injury Prevention and Environmental Health. 3rd edition. 
World Bank; 2017 chapter 6.

21. Di Chiaro G, Alfano G, Cancelli Y, Donati G. “Green” hemo
dialysis: the centralized acidic concentrate from the dialysis 
center of Policlinico of Modena. J Ital Nefrol. 2024;41(3):110- 
120. doi:10.69097/41-03-2024-010

22. Rambabu K, Banat F, Pham QM, Ho S, Ren N, Show PL. 
Biological remediation of acid mine drainage: Review of past 
trends and current outlook. Environ Sci Ecotechnol. 2020;2: 
100024. doi:10.1016/j.ese.2020.100024

23. Yang XE, Wu X, Hao HL, He ZL. Mechanisms and assessment 
of water eutrophication. J Zhejiang Univ Sci B. 2008;9(3):197- 
209. doi:10.1631/jzus.B0710626

24. Zawierucha J, Marcinkowski W, Prystacki T, et al. Green dial
ysis: let us talk about dialysis fluid. Kidney Blood Press Res. 
2023;48(1):385-391. doi:10.1159/000530439

25. Brown E, MacDonald A, Allen S, Allen D. The potential for a 
plastic recycling facility to release microplastic pollution 
and possible filtration remediation effectiveness. J Hazard 
Mater Adv. 2023;10:100309. doi:10.1016/j.hazadv.2023. 
100309

26. Duane B, Steinbach I, Stancliffe R, et al. Improving the 
sustainability and quality of kidney health care through life 
cycle assessments, quality improvement, education and 
technical innovations: the KitNewCare approach. J Nephrol. 
2025;38(1):87-99. doi:10.1007/s40620-024-02114-3

AJKD Vol 86 | Iss 5 | November 2025 623

Martínez-Cadenas et al

https://doi.org/10.34067/KID.0006182020
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref12
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref12
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref12
https://doi.org/10.1093/ckj/sfae407
https://doi.org/10.1093/ckj/sfae407
https://www.senefro.org/contents/webstructure/SEN_2023_REER_V2_1_.pdf
https://www.senefro.org/contents/webstructure/SEN_2023_REER_V2_1_.pdf
https://ecochain.com/blog/impact-categories-lca/
https://ecochain.com/blog/impact-categories-lca/
https://doi.org/10.1016/j.nefro.2020.12.012
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref17
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref17
https://doi.org/10.3303/cet1229225
https://www.acea.auto/fuel-cv/fuel-types-of-new-trucks-diesel-96-5-electric-0-4-alternative-fuels-2-9-market-share-in-2020/
https://www.acea.auto/fuel-cv/fuel-types-of-new-trucks-diesel-96-5-electric-0-4-alternative-fuels-2-9-market-share-in-2020/
https://www.acea.auto/fuel-cv/fuel-types-of-new-trucks-diesel-96-5-electric-0-4-alternative-fuels-2-9-market-share-in-2020/
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref20
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref20
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref20
http://refhub.elsevier.com/S0272-6386(25)00965-5/sref20
https://doi.org/10.69097/41%2D03%2D2024%2D010
https://doi.org/10.1016/j.ese.2020.100024
https://doi.org/10.1631/jzus.B0710626
https://doi.org/10.1159/000530439
https://doi.org/10.1016/j.hazadv.2023.100309
https://doi.org/10.1016/j.hazadv.2023.100309
https://doi.org/10.1007/s40620%2D024%2D02114%2D3


Rodrigo Martínez Cadenas, Julia Audije-Gil, María Dolores Arenas, et al
DOI: 10.1053/j.ajkd.2025.06.009

Impact of the Type of Dialysate Acid Concentrate Container
on the Environmental Footprint of Hemodialysis Centers

Results

CONCONCLUSION: The choice of dialysate acid concentrate container 
is associated with a differential environmental impact. 

Setting & Participants

Retrospective 
cross-sectional 

life-cycle assessment

15 hemodialysis centers
in Spain

Exposure
4 acid concentrate container types: 

• Canisters (3.9 L) 
• Flexible bags (4.2 L) 
• Centralised storage tanks 

(300 L and 600 L)

Outcomes
Environmental impact of 

containers, measured by carbon 
footprint (CO₂eq in kg), and 

16 additional impact categories2022-2023

Exposure & Outcomes
Carbon Footprint per Treatment:
•3.9 L canister vs 4.2 L flexible bag: 1.63-fold higher
•3.9 L canister vs storage tanks: 2.63-fold higher
•Storage tanks had lowest carbon footprint (P<0.001), 
with no difference between sizes 

Largest Sources of 
Emissions:
•Plastic use
•Canister production
•Waste disposal
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