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The World Health Organization has declared climate 
change as the single biggest health threat facing human-

ity (1). Climate change will affect everyone, although in-
dividuals and groups who are already the most vulnerable 
will be impacted the most severely (2).

Most greenhouse gas (GHG) emissions, including car-
bon dioxide, result from burning fossil fuels for energy use 
(2). These GHG emissions are typically quantified as car-
bon dioxide equivalents, which consider the varying global 
warming potential of other GHGs. The GHGs act like a 
blanket, making the Earth warmer than it would otherwise 
be. As a result, GHGs alter the planet’s climate, including 
shifts in precipitation patterns, a rise in average tempera-
ture, and extreme events such as heat waves, storms, fires, 
and floods. As average global temperatures continue to rise, 
it is imperative to adopt sustainable practices across sectors.

Health care systems, including radiology, are major 
contributors to the global climate crisis. Health care ac-
counts for 8%–10% of total GHG emissions in the United 
States, and medical imaging is estimated to account for up 
to 1% of global GHG emissions (2–4). In diagnostic ra-
diology, most GHG emissions come from the manufac-
turing of imaging equipment and the energy needed to 
power it (5). However, due to the explosive increase in 
the development and adoption of big data and artificial 
intelligence (AI) applications in radiology, data centers and 
computational efforts are increasingly large contributors of 
GHG emissions (6). At the same time, AI can potentially 

help improve sustainability in radiology by maximizing the  
efficiency of imaging resources.

It is crucial for both radiologists and AI scientists to 
grasp the dual nature of AI; while it can serve as a potential 
tool to enhance sustainability in medical imaging, it also 
has a negative impact on GHG emissions. This Radiology 
in Focus article aims to shed light on this duality at the 
intersection of sustainability and AI in radiology (Fig 1). 
By acknowledging these contrasting aspects, we can make 
informed decisions and develop strategies to maximize the 
positive contributions of AI while mitigating its environ-
mental drawbacks.

The Negative Impact of AI in Radiology on 
Environmental Sustainability
Within health care, radiology has emerged as a leader in 
exploring the clinical and business potential of AI, with the 
most AI tools cleared by the U.S. Food and Drug Adminis-
tration and the most publications related to health care (7). 
However, until recently, the environmental consequences 
stemming from these AI activities have been largely over-
looked (8,9). It is imperative that we reassess how the devel-
opment and utilization of AI tools in radiology contribute 
directly and indirectly to GHG emissions throughout the 
entire AI and informatics infrastructure. This involves con-
sidering aspects such as AI model development and de-
ployment, data storage, and energy source choices. Table 1  
provides a summary of the negative impacts of AI on 
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environmental sustainability, along with mitigating actions.  
Figure 2 illustrates the negative environmental impacts of radiol-
ogy AI and highlights key opportunities to use AI as a positive 
lever to augment sustainability. Importantly, GHG emissions 
from AI and radiology must be viewed in the context of the over-
all positive purpose that these serve. In comparison, total global 
electricity use for crypto assets is estimated between 120 and 240 
billion kilowatt-hours per year, resulting in approximately 140 
million metric tons of carbon dioxide per year (10).

AI Model Development and Deployment
The process of training, validating, and deploying AI models 
demands extensive computational resources, leading to sub-
stantial energy consumption and GHG emissions. Neverthe-
less, there is a lack of specific GHG emission data related to 
the use of AI in radiology and there are currently no guidelines 
for selecting sustainable AI software (11–13). To address this, 
transparent efficiency metrics and reporting standards for radi-
ology AI models, akin to the Energy Star rating for appliances 
and imaging equipment, are needed to inform scientists, soft-
ware developers, and radiologists about AI-related GHG emis-
sions (14,15). The energy requirements and associated GHG 
emissions for AI model development vary depending on the 
complexity and size of the database; type of AI model; algo-
rithm run time; number, type, and process time of computing 
cores; amount of memory mobilized; and efficiency of the data 
center (16). The training phase, which refers to the process of 
using data to optimize the parameters of an AI model, tends 
to be very energy-intensive. One AI model’s training was esti-
mated to emit more than 626 000 kg of carbon dioxide equiva-
lents, which is nearly five times the lifetime emissions of an 
average passenger car—including the manufacture of the car 
itself (17). Conversely, the energy required in the inference 
phase, where AI models are used to make predictions, scales 
with use and can occur millions of times and therefore can 
result in higher overall GHG emissions (18).

Abbreviations
AI = artificial intelligence, GHG = greenhouse gas

Summary
Artificial intelligence applications in radiology are associated with the 
generation of large amounts of greenhouse gas emissions but also hold 
the potential to improve environmental sustainability if implemented 
judiciously.

Essentials
■	 The development and deployment of artificial intelligence (AI) 

models in radiology is energy-intensive and generates a large 
amount of greenhouse gas emissions.

■	The use of AI tools can improve sustainability in radiology 
through optimized imaging protocols that result in shorter 
scan times, improved scheduling efficiency to reduce travel, 
and integration of decision-support tools to reduce low-value 
imaging.

■	 Educational and research initiatives are needed to increase 
awareness and inform strategies to minimize the environmental 
impact of AI in radiology.

Several methods have been suggested for monitoring and 
estimating GHG emissions resulting from AI activities, among 
them is a Machine Learning Emissions Calculator (https://mlco2.
github.io/impact/). This calculator considers various factors like 
the type of hardware used, the duration of training, and the geo-
graphic region (19). For instance, when applying this approach 
to a single training run of the large language model Generative 
Pretrained Transformer 3 (GPT-3), the estimated emissions vary 
drastically depending on the cloud provider location, ranging 
from 223 920 to 858 360 kg of carbon dioxide equivalents. To 
put this in perspective, these emission estimates from a single 
training run are equivalent to annual emissions from driving 
50–191 passenger vehicles (20).

Radiology departments can optimize energy use for AI mod-
els by adopting energy-efficient configurations, such as low-power 
central processing units (CPUs) or graphics processing units 
(GPUs), to minimize energy use while maintaining optimal per-
formance. It is essential to avoid using architecture that consumes 
excessive energy, and reducing the number of CPU and/or GPU 
cores can decrease emissions even though longer execution times 
might be the trade-off. For example, halving the number of CPU 
cores from 60 to 30 in an AI simulation reduced GHG emissions 
by 33%, from approximately 450 g to 300 g of carbon dioxide 
equivalents, while only minimally increasing the execution time 
(16). An open-source optimization framework can help iden-
tify the best trade-off between energy consumption and training 
speed, potentially leading to energy savings of 15%–76% for deep 
learning models (21). Moreover, further strategies to reduce AI en-
ergy consumption include tiny machine learning (tinyML), which 
runs AI models on small, low-powered edge devices, reusing open-
source models rather than training new ones, and the evaluation of 
alternative energy sources (22).

Another challenge in the field is the proliferation of numer-
ous AI models developed independently by different groups to 
address similar questions. For example, many similar but in-
dependent models are designed to identify pulmonary emboli 
and coronary artery calcium on CT scans (7). Redundant AI 
models with limited external generalizability generate unneces-
sary GHG emissions and can waste valuable time and resources. 
Adding to the complexity, despite the multitude of radiology AI 
models developed, only a tiny fraction have been integrated into 
clinical practice to date (23).

Efforts targeted at fostering collaboration and resource shar-
ing would decrease overall GHG emissions associated with AI 
development while also enhancing the external validity of the 
resulting models. Encouraging multi-institution collabora-
tion can be achieved through strategies such as centralized data 
sharing and federated learning models, despite potential chal-
lenges related to logistics and regulations (24). The sharing of 
code and availability of publicly available data sets remain lim-
ited, but journals should encourage them as a requirement for 
the publication of radiology AI-related research. In a study that 
evaluated code-sharing practices for AI-related articles in RSNA 
suite journals between 2017 and 2021 (25), only 11% shared 
reproducible code and only 2% shared both code and complete 
experimental data. However, rates were higher in 2020 and 2021 
than earlier years.
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Data Storage
Exponential growth in medical imaging data and high demand 
for accessible labeled data for AI model training have created 
substantial challenges for data storage infrastructure. Tradition-
ally, radiology departments have relied on local on-premise 
storage solutions, which often require constant upgrades and 
maintenance, resulting in waste. In recent years, cloud-based 
and hybrid storage solutions have gained popularity due to their 

scalability and flexibility. While cloud-based data centers provide 
the necessary computational power to store and process large 
volumes of medical imaging data, they consume large amounts 
of energy to power their operations (26,27). The total global 
emissions from cloud-based storage are now larger than that for 
the entire airline industry (17).

Cloud-based data storage involves storing data in large-scale 
data centers, which are massive buildings filled with hard drives. 

Figure 1:  Summary of the intersection of environmental sustainability and artificial intelligence (AI) in radiology. GHG = greenhouse gas.



Environmental Sustainability and AI in Radiology

4	 radiology.rsna.org  ■  Radiology: Volume 310: Number 2—February 2024

There are millions of these data centers around the world, and 
they require substantial amounts of energy to maintain continu-
ous server operations. In 2012, the energy cost of data transfer 
and cloud-based storage was estimated at approximately 3–7 
kWh/GB compared with 0.000005 kWh/GB to save data to a 
personal hard drive (28). Currently, the energy associated with 
cloud storage varies depending on the infrastructure and vendor.

Health care networks must carefully evaluate their data 
storage choices to enhance environmental sustainability. Con-
sidering energy-efficient alternatives and optimizing data com-
pression techniques can reduce storage requirements and energy 
consumption. Implementing deduplication to remove duplicate 
or redundant data and compressing the remaining data can be 
effective. In addition, adoption of a tiered storage system can 
help allocate data based on its frequency of access. To accomplish 

this, health care networks can store frequently accessed data on 
faster, energy-efficient storage devices and archive less frequently 
accessed data on slower storage media that require less power. 
Radiology practices can further contribute to sustainability by 
partnering with cloud service providers committed to renewable 
energy sources and energy-conscious service scheduling. By tak-
ing these measures, health care networks can potentially improve 
data storage efficiency while minimizing their environmental 
impact. This is summarized in Figure 3.

Energy Source Choices
The environmental impact of AI and informatics infrastructure 
greatly depends on the energy sources that power them (2). 
Energy is estimated to account for more than 75% of total 
GHG emissions globally, with fossil fuels representing 80% of 

Table 1: Negative Impact of AI on Environmental Sustainability: Challenges, Actions, and Outcomes

Challenge Action Outcome
AI Model Development and Deployment

Development and deployment of AI 
models consumes large amounts of 
energy

Select energy-efficient configurations, 
such as low-power CPU, to minimize 
energy use while maintaining optimal 
performance

Halving the number of CPU cores from 
60 to 30 for an AI model reduced GHG 
emissions by 33% (16)

There are no radiology-specific tools 
available to estimate AI-related GHG 
emissions

Modify online general AI GHG 
calculators for radiology AI applications, 
considering type of hardware, training 
hours, and geographic region (19)

Using accurate estimates of GHG emissions 
related to radiology AI models can inform 
strategies on lower energy techniques

There are no current guidelines for 
selecting sustainable radiology AI 
software

Develop transparent efficiency metrics and 
reporting standards for radiology AI 
models, like an Energy Star rating

Estimated GHG emission metrics related to 
radiology AI tools can guide purchasing 
decisions (14,15)

Redundant AI models waste resources 
and generate unnecessary GHG 
emissions

Strategies to foster multi-institution 
collaboration include centralized  
data sharing and federated learning 
models and requirements by journals  
for code and data sharing (24)

Targeted efforts to foster collaboration and 
share resources could decrease overall 
GHG emissions, improving the external 
validity of resulting AI models

Data Storage
Massive data storage needs per 

exponential growth in medical imaging 
and AI data

Minimize storage requirements by 
optimizing data compression

Deduplicating and compressing data reduces 
storage needs and associated energy 
consumption

Data centers and data transmission 
networks use a lot of energy

Evaluate energy-efficient data storage 
alternatives; implement tiered storage 
systems based on frequency of access

More energy-efficient data storage can 
decrease cost and GHG emissions

Current calculators available to estimate 
data storage are not specific to 
radiology

Further study is needed to evaluate the 
impact of data storage options related  
to AI applications in radiology

Accurate estimates of GHG emissions related 
to data storage in radiology can inform 
purchasing decisions

Multiple data storage options exist with 
limited transparency on total GHG 
emissions

Explore partnerships with cloud service 
providers committed to renewable 
energy sources and energy-conscious 
service scheduling

GHG emissions related to data storage vary 
depending on the data center provider and 
location

Energy Source Choices
Underlying AI energy sources determine 

the environmental impact
Train AI models in locations with 

renewable energy choices and low-
carbon intensity grids (22)

Renewable energy sources can substantially 
decrease overall GHG emissions from  
AI models

Cooling and ventilation systems are 40% 
of a data center’s energy consumption 
(30,31)

Select data centers in cooler climates to 
minimize the energy needed for cooling 
systems to efficiently dissipate heat (32)

Reduced energy and GHG emissions related 
to data center cooling translate to overall 
lower energy and more sustainability

Note.—AI = artificial intelligence, CO2e = carbon dioxide equivalent, CPU = central processing unit, GHG = greenhouse gas.



Doo et al

Radiology: Volume 310: Number 2—February 2024  ■  radiology.rsna.org	 5

the total global energy supply (29). Renewable energy sources, 
including solar, wind, hydropower, biofuels, and others, are re-
plenished by nature and emit little to no GHGs or pollutants 
into the air.

The noncarbon energy intensity of the grid varies widely de-
pending on location and time. For example, AI models trained 
in the United States may rely heavily on energy from fossil fuels, 
leading to the generation of large volumes of GHG emissions. 
However, training the same model in other places like Quebec, 
Canada, where the primary energy source is hydroelectric power, 
would result in a much lower carbon footprint (22).

The physical location of information technology infrastruc-
ture is another important consideration, not only related to the 
local carbon intensity of the grid but also with respect to the 
need for cooling. Approximately 40% of a data center’s energy 
consumption goes into powering its cooling and ventilation sys-
tems (30,31). Therefore, locating a data center in a cooler cli-
mate can reduce the energy needed for the cooling system to 
efficiently dissipate heat (32).

AI as a Positive Lever to Augment  
Sustainability in Radiology
The use of AI also has the potential to contribute to sustain-
ability efforts in radiology, particularly through non–pixel-based 
use cases, including noninterpretive applications such as study 
protocolling or worklist prioritization (33). Noninterpretive AI 
tools provide radiologists with several potential opportunities 

to reduce GHG emissions and to decrease the environmental 
impact of imaging along the continuum of care. This is sum-
marized in Table 2.

Operational Efficiency
CT and MRI scanners consume substantial amounts of en-
ergy even when they are not actively acquiring imaging data. 
Approximately two-thirds of energy use in CT occurs in a 
nonproductive idle state, and one-third of energy use for MRI 
occurs during the system-off state (34). Because the metadata 
of radiology examinations are standardized within scanner log 
files and Digital Imaging and Communications in Medicine, 
or DICOM, headers, AI models can potentially decrease idle 
time, improving the operational efficiency of scanners while 
reducing GHG emissions and cost (35). In theory, system use 
states and nonproductive idle mode time intervals could be 
monitored and predicted by using recognizing patterns of ex-
amination time stamps, either at a single scanner level or at a 
larger institutional scale (36). As a result, AI tools could switch 
between system states, with automatic system shutdowns dur-
ing pre-expected periods of idle time, as well as automatic 
scanner start-up and quality checks at the most energy-efficient 
time points. Similarly, it could be possible to use AI tools to 
monitor other energy-consuming devices in radiology depart-
ments, such as picture archiving and communication system 
workstations, with automated shutdown when not in use to 
minimize nonproductive energy consumption (37).

Figure 2:  Summary of how artificial intelligence (AI) in radiology has a negative impact on the environment, with key opportunities and actions to improve sustainability 
using AI in radiology.
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Optimized Image Acquisition and Processing
The use of AI tools can also optimize image acquisition and pro-
cessing. Given that active scan duration is typically proportional 
to energy consumption, image acquisition time savings also re-
sult in lower GHG emissions and cost, with the additional bene-
fit of improved patient comfort. For MRI, AI-based applications 
have the potential to reduce scanning times without sacrificing 
diagnostic quality, therefore decreasing use-phase emissions (5). 
Examples include AI-guided de-noising of accelerated acquisi-
tions and AI-guided rapid or fully automated planning of imag-
ing planes such as anatomic landmark identification in cardiac 
MRI (38,39). These AI techniques are also applicable to low-
field-strength MRI units, which have lower GHG emissions in 
production and use phases (5). They offer the potential to in-
crease global access to MRI due to their lower costs (5,40). AI 
tools also have the ability to transform images across modalities, 
potentially reducing the need for additional imaging and thereby 
reducing GHG emissions. For example, creation of synthetic 
CT images from an existing MRI study performed for cancer 

staging could eliminate the need for an additional CT study for 
radiation treatment planning (41).

In theory, AI tools could also be used to analyze patterns be-
tween image acquisition and energy consumption to improve 
our understanding of how changes in imaging parameters (eg, 
tube voltage for CT or number of signals acquired for MRI) 
affect energy consumption during image acquisition. By com-
bining these insights with existing knowledge on how scanner 
parameter manipulations affect image quality or radiation dose, 
one could predict new parameters such as estimated energy con-
sumption and estimated carbon dioxide equivalents for each se-
quence to optimize overall energy profiles.

Radiology Clinical Decision Support Tools
AI-powered clinical decision support tools can help minimize 
low-value imaging, thereby decreasing GHG emissions and low-
ering health care costs. Approximately 20% of medical imag-
ing tests are considered low value, that is, they provide little to 
no benefit to patients, have the potential to result in harm, and 

Figure 3:  Summary of on-site and cloud-based data storage options for artificial intelligence (AI) in radiology, why data storage needs 
are increasing, and recommended actions to decrease the resulting greenhouse gas emissions.
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generate unnecessary GHG emissions (42,43). Once AI models 
become more personalized by combining individual risk factors, 
laboratory test results, genetics, and appropriate use criteria, they 
could provide personalized recommendation guidelines to avoid 
imaging that may not add value (44). Moving beyond typical 
dichotomous decision processes in appropriate use criteria, AI 
can improve risk stratification using prior information to guide 
the choice of imaging tests (45). However, multicomponent in-
terventions are likely needed to reduce low-value imaging (46).

Opportunistic Screening and Image Analysis
The use of AI tools can also facilitate opportunistic screening to 
extract useful data incidental to the indication for the imaging 
study (47). For example, AI tools can quantify coronary artery 
calcium at nongated chest CT (48) and bone mineral density 
for osteoporosis screening at abdominal CT (49). Similarly, AI 
has also enabled automated image analysis for previously time-
consuming tasks and extraction of otherwise unobtainable pixel-
based data. For example, AI tools have been used to improve 
the estimation of indeterminate pulmonary nodule malignancy 

risk at chest CT and predict prostate cancer aggressiveness using 
MRI (50,51). This information can potentially inform diagnosis, 
guide treatment decisions, and improve patient outcomes, theo-
retically resulting in lower GHG emissions and costs along with 
increased patient satisfaction (52). However, the downstream 
impact of AI deployment on subsequent investigation requires 
careful evaluation to ensure that these tools do not inadvertently 
result in over-investigation of incidental findings.

Contrast Agent Waste and Contamination
Contrast agents have important environmental impacts that 
AI tools can potentially mitigate. For example, gadolinium-
based contrast agents used in MRI and iodinated contrast 
agents used in CT can contaminate water bodies, as tradi-
tional water treatment methods do not adequately remove 
them (5,53). Furthermore, iodine is a nonrenewable resource 
that is in high demand for imaging and interventional applica-
tions, although there are currently limited programs for recov-
ery and reuse (54). Contrast agents used in US pose a distinct 
environmental challenge, as some are GHGs and therefore 

Table 2: Summary of Key Opportunities and Actions to Improve Sustainability Using AI in Radiology

Opportunity Action Impact
Operational Efficiency

CT and MRI scanners consume a 
substantial amount of energy even 
when idle

AI tools could switch between system states 
with automatic system shutdowns during 
pre-expected periods of idle time

Reduced idle time will reduce GHG 
emissions, lower costs, and improve 
practice efficiency

Image Acquisition and Processing
Scan duration is typically proportional to 

energy consumption
AI-based applications can reduce MRI 

scan times (eg, de-noising of accelerated 
acquisitions, automated planning of 
imaging planes (38,39)

Reduced scan time results in lower energy 
use and GHG emissions, lower cost, 
and improved patient comfort

Image acquisition parameters impact 
energy consumption

AI tools could be used to analyze patterns 
between image acquisition and 
energy consumption to improve our 
understanding of how changes in imaging 
parameters affect energy consumption

These insights could be used to predict 
carbon dioxide equivalents for each 
sequence to optimize energy profiles

Radiology Clinical Decision Support Tools
Low-value imaging does not improve 

patient outcomes but contributes to 
unnecessary GHG emissions

AI-powered clinical decision support tools can 
personalize recommendation guidelines to 
avoid imaging that may not add value (44)

Avoiding low-value imaging reduces waste 
and GHG emissions while lowering 
health care costs

Opportunistic Screening and Image Analysis
Large amounts of pixel-based data are not 

used in routine clinical evaluation
AI tools can facilitate opportunistic screening 

to extract useful data incidental to the 
indication for the imaging study (47)

This information can potentially be 
leveraged to improve patient outcomes, 
lower GHG emissions and costs, and 
increase patient satisfaction (52)

Contrast Agent Waste and Contamination
Contrast agents have important 

environmental impacts including water 
body contamination

AI tools could optimize image contrast, 
determine when a contrast agent is not 
needed, or generate deep learning–based 
virtually enhanced images (60)

Reduction of contrast agent usage 
mitigates their environmental impact 
and lowers costs

Patient and Radiology Workforce Scheduling
Transportation is associated with 

substantial GHG emissions
AI can help reduce travel-related GHG 

emissions with optimized scheduling and 
no-show prediction modeling (63)

Decreased travel-related GHG emissions 
and less radiologist burnout (65)

Note.—AI = artificial intelligence, GHG = greenhouse gas.
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contribute directly to emissions. For example, sulfur hexafluo-
ride is a commercially available US contrast agent and is itself 
a GHG with very high global warming potential (more than 
22 000 times higher than carbon dioxide) and a very long life-
time (55,56). Therefore, even small amounts can have large 
negative effects on the environment.

The use of AI tools could optimize image contrast, similar to 
the administration of exogenous contrast agents, or determine 
which imaging studies can be performed without contrast agents 
without sacrificing diagnostic performance (33). For example, 
using AI-generated virtual contrast-enhanced images can reduce 
the amount of iodinated contrast agents for CT by 50% while 
maintaining image quality (57). Similarly, using AI can restore 
the signal-to-noise ratio for MRI scans acquired with lower doses 
of gadolinium-based contrast agents (58,59). Also, it may be 
possible to eliminate the need for contrast agent administration 
altogether with deep learning–based virtually enhanced MRI 
(60). Reducing contrast agent use mitigates their direct envi-
ronmental impact along with the co-benefits of lower cost and 
reduced GHG emissions related to avoided production, packag-
ing, and distribution.

Patient and Radiology Workforce Scheduling
The use of AI tools can help reduce travel-related GHG emissions 
by maximizing resource utilization for both patients and radi-
ologists through smart scheduling. For example, AI models can 
analyze patient characteristics, clinical urgency, available resources, 
and environmental factors and suggest optimal patient schedules 
(61,62). Improved coordination of imaging tests with other out-
patient appointments could reduce GHG emissions from trans-
port if the number of required visits is reduced (63). These AI tools 
also have the potential to reduce patient no-shows for imaging 
appointments (62). No-show prediction modeling could identify 
patients for targeted interventions, such as additional personal-
ized phone reminders, to decrease wasted energy and lower costs 
while improving patient access to medical resources. In the United 
States, AI-guided preauthorization of imaging tests could opti-
mize patient scheduling and minimize scanner idle time as well 
as unnecessary travel (64). Finally, AI-based workforce scheduling 
could also decrease GHG emissions related to radiologist travel, 
with the potential to boost engagement and reduce burnout (65).

Figure 4 outlines the top 10 actions to improve sustainability 
in radiology AI.

Figure 4:  Diagram shows top 10 actions to improve the sustainability of artificial intelligence (AI) in radiology, with a focus on decreasing greenhouse gas (GHG) emis-
sions and using AI tools to optimize image acquisition and processing.
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Knowledge Gaps and Next Steps Toward  
a Sustainable Future for AI and Radiology
Several gaps remain to be addressed before AI in radiology is 
optimized for a sustainable future. Educational initiatives are 
essential to increase awareness in the radiology AI community 
regarding the relationship between technology infrastructure 
choices and GHG emissions. Further research is also needed on 
the optimal measurement of AI-related GHG emissions and the 
downstream impact of AI deployment in clinical practice.

Resource constraints pose challenges to the adoption of sus-
tainable practices in radiology AI, as upgrading hardware often 
requires up-front financial investment. By leveraging shared 
computational resources or collaborating on sustainability ini-
tiatives, radiology practices can overcome resource limitations. 
Importantly, many strategies to decrease GHG emissions in radi-
ology have an associated benefit of lower cost once implemented 
due to lower electricity use and decreased waste.

Last, complex regulations and policies can impede progress 
in implementing sustainable AI practices. Radiology AI lead-
ers must navigate the evolving landscape of ethical and legal 
concerns as well as environmental regulations, which can be 
daunting. Radiologists should work collectively to engage with 
stakeholders to advocate for policy decisions and a regulatory 
framework that fosters and promotes sustainable AI practices 
and environmental sustainability as key strategic priorities.

Conclusion
Artificial intelligence (AI) is an increasingly large contributor to 
the environmental footprint of medical imaging. As AI contin-
ues to transform radiology, it is essential that we continue to 
address its environmental impact and harness its potential to 
improve sustainability.

Disclosures of conflicts of interest: F.X.D. Supported in part by the Association 
of University Radiologists General Electric Radiology Research Academic Fellow-
ship (AUR GERRAF); honorarium for a lecture from Artificial Intelligence in Ra-
diology Education (AIRE); director of innovation, University of Maryland Medical 
Imaging Center (UM2ii); cloud credits from Amazon Web Services, Google Cloud, 
and Microsoft Azure. J.V. No relevant relationships. T.S.C. Grants from the Na-
tional Institutes of Health, Independence Blue Cross, ACR, and RSNA; payment or 
honoraria for lectures, presentations, speakers bureaus, manuscript writing or edu-
cational events from ISMIE, Icahn, SOM, MGH, BJR, and Sectra; reimbursement 
of SIIM board-related travel; board chair, SIIM; executive committee, PRS, PRRS; 
president, RAHSR; informatics commission member, ACR; vice chair, Commission 
on PFCC. L.M. Editor, Radiology, with salary support from RSNA; grants from Sie-
mens, Gordon and Betty Moore Foundation, Mary Kay Foundation, and Google; 
payment or honoraria for lectures, presentations, speakers bureaus, manuscript writ-
ing or educational events from Lunit Insight, ICAD (advisory board), Guerbet, and 
Medscape; meeting and travel expenses from the British Society of Breast Radiology, 
European Society of Breast Imaging, and Korean Society of Radiology; Data Safety 
Monitoring Board for ACR; stock options in Lunit; board for Society of Breast Im-
aging. E.P.R.P.A. No relevant relationships. S.A.W. Unrelated investigator-initiated 
research grants (paid to institution) from Siemens. J.W.G. U.S. National Science 
Foundation (grant number 1928481) from the Division of Electrical, Communica-
tion & Cyber Systems; RSNA Health Disparities grant EIHD2204; NIH (NIBIB) 
MIDRC grant under contracts 75N92020C00008 and 75N920; AIM-AHEAD 
pilot project award; DeepLook award for validating radiomics breast cancer model; 
clarity consortium award; GE Edison grant; honoraria by NBER (National Bureau 
of Economic Research) for authorship in their 2022 conference collection; SIIM 
board of directors; member of the HL7 Board; ACR Advisory Committee. T.H. 
No relevant relationships. K.H. Payment or honoraria for lectures, presentations, 
speakers bureaus, manuscript writing or educational events from Sanofi; editorial 
board, Radiology and Radiology: Cardiothoracic Imaging.

References
	 1.	 World Health Organization. Climate change and health. https://www.who.

int/news-room/fact-sheets/detail/climate-change-and-health. Published 2021.  
Accessed January 18, 2023.

	 2.	 Brown M, Schoen JH, Gross J, Omary RA, Hanneman K. Climate Change and  
Radiology: Impetus for Change and a Toolkit for Action. Radiology 
2023;307(4):e230229.

	 3.	 Schoen J, McGinty GB, Quirk C. Radiology in Our Changing Climate: A 
Call to Action. J Am Coll Radiol 2021;18(7):1041–1043.

	 4.	 Eckelman MJ, Sherman J. Environmental Impacts of the U.S. Health Care 
System and Effects on Public Health. PLoS One 2016;11(6):e0157014.

	 5.	 Chaban YV, Vosshenrich J, McKee H, et al. Environmental Sustainability and 
MRI: Challenges, Opportunities, and a Call for Action. J Magn Reson Imag-
ing 2023. 10.1002/jmri.28994. Published online September 11, 2023.

	 6.	 Buckley BW, MacMahon PJ. Radiology and the Climate Crisis: Opportunities 
and Challenges—Radiology In Training. Radiology 2021;300(3):E339–E341.

	 7.	 U.S. Food and Drug Administration. Artificial Intelligence and Machine 
Learning (AI/ML)-Enabled Medical Devices. https://www.fda.gov/medical-
devices/software-medical-device-samd/artificial-intelligence-and-machine-
learning-aiml-enabled-medical-devices. Published 2022. Accessed February 
10, 2023.

	 8.	 Kaack LH, Donti PL, Strubell E, Kamiya G, Creutzig F, Rolnick D. Aligning  
artificial intelligence with climate change mitigation. Nat Clim Chang 
2022;12(6):518–527.

	 9.	 Dhar P. The carbon impact of artificial intelligence. Nat Mach Intell 
2020;2(8):423–425.

	10.	 White House Office of Science and Technology Policy. Climate and Energy  
Implications of Crypto-Assets in the United States. https://www.whitehouse.
gov/wp-content/uploads/2022/09/09-2022-Crypto-Assets-and-Climate-Re-
port.pdf. Published September 2022. Accessed August 1, 2023.

	11.	 van Leeuwen KG, Meijer FJA, Schalekamp S, et al. Cost-effectiveness of artifi-
cial intelligence aided vessel occlusion detection in acute stroke: an early health 
technology assessment. Insights Imaging 2021;12(1):133.

	12.	 Mongan J, Moy L, Kahn CE Jr. Checklist for Artificial Intelligence in Medical  
Imaging (CLAIM): A Guide for Authors and Reviewers. Radiol Artif Intell 
2020;2(2):e200029.

	13.	 Omoumi P, Ducarouge A, Tournier A, et al. To buy or not to buy: evaluating  
commercial AI solutions in radiology (the ECLAIR guidelines). Eur Radiol 
2021;31(6):3786–3796.

	14.	 Strubell E, Ganesh A, McCallum A. Energy and Policy Considerations 
for Modern Deep Learning Research. Proc AAAI Conf Artif Intell. 
2020;34(09):13693–13696

	15.	 EPA. Energy Star Medical Imaging Equipment Version 1.0. https://www.en-
ergystar.gov/products/spec/medical_imaging_equipment_version_1_0_pd. 
Published 2023. Accessed March 1, 2023.

	16.	 Lannelongue L, Grealey J, Inouye M. Green Algorithms: Quantify-
ing the Carbon Footprint of Computation. Adv Sci (Weinh) 2021; 
8(12):2100707.

	17.	 Strubell E, Ganesh A, McCallum A. Energy and Policy Considerations for 
Deep Learning in NLP. arXiv 1906.02243 [preprint] https://arxiv.org/
abs/1906.02243. Published June 5, 2019. Accessed August 1, 2023..

	18.	 Cowls J, Tsamados A, Taddeo M, Floridi L. The AI gambit: leveraging arti-
ficial intelligence to combat climate change—opportunities, challenges, and 
recommendations. AI Soc 2023;38(1):283–307.

	19.	 Lacoste A, Luccioni A, Schmidt V, Dandres T. Quantifying the Carbon Emis-
sions of Machine Learning. arXiv 1910.09700 [preprint] https://arxiv.org/
abs/1910.09700. Published October 21, 2019. Updated November 4, 2019. 
Accessed August 1, 2023. 

	20.	 EPA. Greenhouse Gas Equivalencies Calculator. https://www.epa.gov/en-
ergy/greenhouse-gas-equivalencies-calculator. Published 2023. Accessed 
July 1, 2023.

	21.	 You J, Chung J-W, Chowdhury M. Zeus: Understanding and Optimizing 
GPU Energy Consumption of DNN Training. 2023. https://www.usenix.
org/conference/nsdi23/presentation/you. Accessed July 15, 2023.

	22.	 Kumar A, Davenport T. How to Make Generative AI Greener. https://hbr.
org/2023/07/how-to-make-generative-ai-greener. Published July 20, 2023. 
Accessed July 20, 2023.

	23.	 Rajpurkar P, Lungren MP. The Current and Future State of AI Interpretation 
of Medical Images. N Engl J Med 2023;388(21):1981–1990.

	24.	 Sheller MJ, Edwards B, Reina GA, et al. Federated learning in medicine: facili-
tating multi-institutional collaborations without sharing patient data. Sci Rep 
2020;10(1):12598.

	25.	 Venkatesh K, Santomartino SM, Sulam J, Yi PH. Code and Data Sharing 
Practices in the Radiology Artificial Intelligence Literature: A Meta-Research 
Study. Radiol Artif Intell 2022;4(5):e220081.



Environmental Sustainability and AI in Radiology

10	 radiology.rsna.org  ■  Radiology: Volume 310: Number 2—February 2024

	26.	 Reddy VD, Setz B, Rao GSVRK, Gangadharan GR, Aiello M. Metrics for 
Sustainable Data Centers. IEEE Trans Sustain Comput. 2017;2(3):290–303.

	27.	 Siddik MAB, Shehabi A, Marston L. The environmental footprint of data 
centers in the United States. Environ Res Lett 2021;16(6):064017.

	28.	 Costenaro D, Duer A. The Megawatts behind Your Megabytes: Going from 
Data-Center to Desktop. https://www.aceee.org/files/proceedings/2012/data/
papers/0193-000409.pdf. Published 2012. Accessed July 15, 2023.

	29.	 IEA. Greenhouse Gas Emissions from Energy Data Explorer. https://www.
iea.org/data-and-statistics/data-tools/greenhouse-gas-emissions-from-energy-
data-explorer. Updated August 2, 2023. Accessed October 8, 2023.

	30.	 Zhang X, Lindberg T, Xiong N, Vyatkin V, Mousavi A. Cooling Energy Con-
sumption Investigation of Data Center IT Room with Vertical Placed Server. 
Energy Procedia 2017;105:2047–2052.

	31.	 Buyya R, Beloglazov A, Abawajy J. Energy-Efficient Management of Data 
Center Resources for Cloud Computing: A Vision, Architectural Ele-
ments, and Open Challenges. arXiv 1006.0308 [preprint] https://arxiv.org/
abs/1006.0308. Published June 2, 2010. Accessed August 1, 2023.

	32.	 Jones N. How to stop data centres from gobbling up the world’s electricity. 
Nature 2018;561(7722):163–166.

	33.	 Tadavarthi Y, Makeeva V, Wagstaff W, et  al. Overview of Noninterpretive 
Artificial Intelligence Models for Safety, Quality, Workflow, and Education 
Applications in Radiology Practice. Radiol Artif Intell 2022;4(2):e210114.

	34.	 Heye T, Knoerl R, Wehrle T, et al. The Energy Consumption of Radiology: 
Energy- and Cost-saving Opportunities for CT and MRI Operation. Radiol-
ogy 2020;295(3):593–605.

	35.	 Woolen SA, Becker AE, Martin AJ, et al. Ecodesign and Operational Strategies  
to Reduce the Carbon Footprint of MRI for Energy Cost Savings. Radiology 
2023;307(4):e230441.

	36.	 Mohan TR, Roselyn JP, Uthra RA, Devaraj D, Umachandran K. Intelligent 
machine learning based total productive maintenance approach for achieving 
zero downtime in industrial machinery. Comput Ind Eng 2021;157:107267.

	37.	 Heye T, Meyer MT, Merkle EM, Vosshenrich J. Turn It Off! A Simple Method  
to Save Energy and CO2 Emissions in a Hospital Setting with Focus on Radi-
ology by Monitoring Nonproductive Energy-consuming Devices. Radiology 
2023;307(4):e230162.

	38.	 Rudie JD, Gleason T, Barkovich MJ, et al. Clinical Assessment of Deep Learn-
ing–based Super-Resolution for 3D Volumetric Brain MRI. Radiol Artif In-
tell 2022;4(2):e210059.

	39.	 Xue H, Artico J, Fontana M, Moon JC, Davies RH, Kellman P. Landmark 
Detection in Cardiac MRI by Using a Convolutional Neural Network. Radiol 
Artif Intell 2021;3(5):e200197.

	40.	 Ayde R, Senft T, Salameh N, Sarracanie M. Deep learning for fast low-field 
MRI acquisitions. Sci Rep 2022;12(1):11394.

	41.	 Hsu SH, Han Z, Leeman JE, Hu YH, Mak RH, Sudhyadhom A. Synthetic 
CT generation for MRI-guided adaptive radiotherapy in prostate cancer. 
Front Oncol 2022;12:969463.

	42.	 Kopparam RV, Redberg RF. The environmental impact of unnecessary imag-
ing: Why less is more. Eur J Intern Med 2023;111:35–36.

	43.	 Hendee WR, Becker GJ, Borgstede JP, et  al. Addressing overutilization in 
medical imaging. Radiology 2010;257(1):240–245.

	44.	 Shahbandegan A, Mago V, Alaref A, van der Pol CB, Savage DW. Developing 
a machine learning model to predict patient need for computed tomography 
imaging in the emergency department. PLoS One 2022;17(12):e0278229.

	45.	 Huang PS, Tseng YH, Tsai CF, et al. An Artificial Intelligence-Enabled ECG 
Algorithm for the Prediction and Localization of Angiography-Proven Coro-
nary Artery Disease. Biomedicines 2022;10(2):394.

	46.	 Kjelle E, Andersen ER, Soril LJJ, van Bodegom-Vos L, Hofmann BM. Inter-
ventions to reduce low-value imaging - a systematic review of interventions 
and outcomes. BMC Health Serv Res 2021;21(1):983.

	47.	 Pickhardt PJ. Value-added Opportunistic CT Screening: State of the Art. Ra-
diology 2022;303(2):241–254.

	48.	 van Velzen SGM, Lessmann N, Velthuis BK, et al. Deep Learning for Auto-
matic Calcium Scoring in CT: Validation Using Multiple Cardiac CT and 
Chest CT Protocols. Radiology 2020;295(1):66–79.

	49.	 Pickhardt PJ, Graffy PM, Perez AA, Lubner MG, Elton DC, Summers RM.  
Opportunistic Screening at Abdominal CT: Use of Automated Body Com-
position Biomarkers for Added Cardiometabolic Value. RadioGraphics 
2021;41(2):524–542.

	50.	 Bertelli E, Mercatelli L, Marzi C, et al. Machine and Deep Learning Predic-
tion Of Prostate Cancer Aggressiveness Using Multiparametric MRI. Front 
Oncol 2022;11:802964.

	51.	 Kim RY, Oke JL, Pickup LC, et  al. Artificial Intelligence Tool for Assess-
ment of Indeterminate Pulmonary Nodules Detected with CT. Radiology 
2022;304(3):683–691.

	52.	 Pickhardt PJ, Summers RM, Garrett JW, et al. Opportunistic Screening: Ra-
diology Scientific Expert Panel. Radiology 2023;307(5):e222044.

	53.	 Dekker HM, Stroomberg GJ, Prokop M. Tackling the increasing contami-
nation of the water supply by iodinated contrast media. Insights Imaging 
2022;13(1):30.

	54.	 Grist TM, Canon CL, Fishman EK, Kohi MP, Mossa-Basha M. Short-, Mid-
, and Long-term Strategies to Manage the Shortage of Iohexol. Radiology 
2022;304(2):289–293.

	55.	 Kang H-J, Lee JM, Yoon JH, Lee K, Kim H, Han JK. Contrast-enhanced US 
with Sulfur Hexafluoride and Perfluorobutane for the Diagnosis of Hepatocel-
lular Carcinoma in Individuals with High Risk. Radiology 2020;297(1):E241.

	56.	 EPA. Sulfur Hexafluoride (SF6) Basics. https://www.epa.gov/eps-part-
nership/sulfur-hexafluoride-sf6-basics. Updated April 14, 2023. Accessed 
July 15, 2023.

	57.	 Haubold J, Hosch R, Umutlu L, et al. Contrast agent dose reduction in com-
puted tomography with deep learning using a conditional generative adver-
sarial network. Eur Radiol 2021;31(8):6087–6095.

	58.	 Bahl M. The Quest to Reduce the Use of Gadolinium-based Contrast Agents: 
AI May Provide a Solution. Radiology 2023;307(3):e230325.

	59.	 Müller-Franzes G, Huck L, Tayebi Arasteh S, et al. Using Machine Learning to  
Reduce the Need for Contrast Agents in Breast MRI through Synthetic Im-
ages. Radiology 2023;307(3):e222211.

	60.	 Zhang Q, Burrage MK, Shanmuganathan M, et al; Oxford Acute Myocardial 
Infarction (OxAMI) Study. Artificial Intelligence for Contrast-Free MRI: Scar 
Assessment in Myocardial Infarction Using Deep Learning-Based Virtual Na-
tive Enhancement. Circulation 2022;146(20):1492–1503.

	61.	 Chong LR, Tsai KT, Lee LL, Foo SG, Chang PC. Artificial Intelligence Pre-
dictive Analytics in the Management of Outpatient MRI Appointment No-
Shows. AJR Am J Roentgenol 2020;215(5):1155–1162.

	62.	 Rothenberg S, Bame B, Herskovitz E. Prospective Evaluation of a Machine-
Learning Prediction Model for Missed Radiology Appointments. J Digit Im-
aging 2022;35(6):1690–1693.

	63.	 Patel KB, Gonzalez BD, Turner K, et al. Estimated Carbon Emissions Savings 
With Shifts From In-Person Visits to Telemedicine for Patients With Cancer. 
JAMA Netw Open 2023;6(1):e2253788.

	64.	 Lenert LA, Lane S, Wehbe R. Could an artificial intelligence approach to prior  
authorization be more human? J Am Med Inform Assoc 2023;30(5):989–994.

	65.	 Pierre K, Haneberg AG, Kwak S, et al. Applications of Artificial Intelligence in 
the Radiology Roundtrip: Process Streamlining, Workflow Optimization, and 
Beyond. Semin Roentgenol 2023;58(2):158–169.


