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ABSTRACT

Addressing environmental pollution and climate change is one of the biggest sociotechnical challenges of our

time. While information technology has led to improvements in healthcare, it has also contributed to increased

energy usage, destructive natural resource extraction, piles of e-waste, and increased greenhouse gases. We in-

troduce a framework “Information technology-enabled Clinical cLimate InforMAtics acTions for the Environ-

ment” (i-CLIMATE) to illustrate how clinical informatics can help reduce healthcare’s environmental pollution

and climate-related impacts using 5 actionable components: (1) create a circular economy for health IT, (2) re-

duce energy consumption through smarter use of health IT, (3) support more environmentally friendly decision-

making by clinicians and health administrators, (4) mobilize healthcare workforce environmental stewardship

through informatics, and (5) Inform policies and regulations for change. We define Clinical Climate Informatics

as a field that applies data, information, and knowledge management principles to operationalize components

of the i-CLIMATE Framework.
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INTRODUCTION

Addressing environmental pollution, climate change, and ultimately

the sustainability of our planet as we know it represents one of the

biggest sociotechnical challenges of our time.1 Tremendous

improvements in technology and specifically information technology

over the past 60 years have led to global progress in nearly all sec-

tors and industries of our modern economy. In the healthcare sector,

improvements in healthcare delivery have been enabled by electronic

health records (EHRs) and the development of large, centralized

medical centers. However, many of these same improvements have

also contributed to increased energy usage,2 destructive natural re-

source extraction,3 piles of electronic waste (e-waste),4 unsustain-

able increases in greenhouse gas emissions (GHGs),5 and global

warming. US healthcare contributes 8.5% of national greenhouse

gases that, along with similar fractions of harmful air pollutants,

cause indirect harm similar in magnitude to medical errors.6 Reduc-
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ing healthcare pollution is, therefore, a social, moral, professional,

and economic imperative.7

Health information technology (IT) tools and applications, spe-

cifically the EHR, are now an integral part of healthcare delivery

and can be used to support decarbonization efforts (ie, reducing the

release of greenhouse gases into the atmosphere), reductions in elec-

tronic and plastic waste, and increased environmental sustainability

(ie, meeting the needs of the present while maintaining ecological

balance and not compromising the needs of the future).8 But, EHR-

related hardware and software also introduce challenges such as in-

creased natural resource extraction, energy consumption, e-waste,

and manufactured obsolescence.9 Returning to paper-based medical

record-keeping systems is not an option, from either a healthcare

quality, patient safety, or environmental sustainability perspective.

Health IT must be used intelligently and to its fullest capacity to en-

sure safe, effective, high-quality patient care, while also helping ad-

dress healthcare-related environmental pollution and climate

change.

GUIDING PRINCIPLES FOR A CLINICAL
INFORMATICS-CENTRIC APPROACH TO REDUCE
ENVIRONMENTAL POLLUTION FROM HEALTH-
CARE

We propose 3 principles that should guide an informatics-centric ap-

proach to how information technology can and should be used to re-

duce healthcare’s carbon emissions and electronic waste and

promote sustainability. These principles are based on expert opin-

ions of the authors gained from previous health IT10 and environ-

mental sustainability work,11 a review of the literature,

participation in national [JDS, MJE, AD, HS] and international

[JDS, MJE] groups focused on improving the sustainability of

healthcare, and conversations among the multidisciplinary group of

authors who are experienced in healthcare informatics [DFS, AD,

HS], information technology management [AD], clinical medicine

[JDS, HS], and environmental sustainability and engineering [JDS,

MJE].

First, IT and healthcare-related equipment and software should

be optimized to directly reduce their energy and material consump-

tion.12 For example, smart automation that allows powering down

or turning off equipment or devices that are not expected to be in

service can reduce electricity use, as can procuring more energy-

efficient equipment.13 Further, many computing devices are replaced

on a schedule that does not necessarily reflect their useful lifespan.

Increasing the length of time devices are used before they are

replaced can reduce both the materials and energy required to manu-

facture IT equipment as well as e-waste that must be managed.14

Second, computing technology should help quantify, control, and

monitor energy usage, resource consumption, and waste in the

building infrastructure and services that support various aspects of

the healthcare delivery enterprise, such as heating, ventilation, air-

conditioning (HVAC), and lighting.15 Third, health IT and espe-

cially EHRs should influence resources used in the delivery of clini-

cal care, for example by identifying and facilitating more efficient

clinical and administrative processes, and by informing environmen-

tally preferable procurement and clinical decision-making.11 All 3

principles—use of more efficient IT/equipment, use of IT/equipment

to monitor and control energy consumption/waste related to build-

ings and support services, and use of IT/equipment to influence care

delivery and clinical decision-making, should be considered in any

informatics-centric approach to promoting decarbonization and en-

vironmental sustainability.

In the sections below, we build on these 3 guiding principles, de-

fine the field Clinical Climate Informatics, and propose an action-

able clinical informatics framework to reduce healthcare’s

environmental pollution and climate-related impacts. The proposed

framework, which is derived from an established 8-dimension socio-

technical model,16 focuses on “Information technology-enabled

Clinical cLimate InforMAtics acTions for the Environment” and

henceforth titled the “i-CLIMATE Framework.” It has 5 actionable

components, each of which includes specific considerations and sus-

tainability solutions. We define Clinical Climate Informatics as a

field that applies data, information, and knowledge management

principles to operationalize components of the i-CLIMATE Frame-

work. The framework has a sociotechnical foundation that involves

both technical (eg, hardware/software, clinical content, user inter-

face) and nontechnical, social considerations (eg, organizational pol-

icies, workflow, work environment, culture, people, external rules,

regulations, and policies).16 We first outline the 5 components of the

action framework, their goals, and rationale. We then use these 5

components to organize a set of example actions, discuss the corre-

sponding risks, barriers, and potential unintended consequences that

will be faced in implementing these actions, and suggest potential

strategies to address them. This conceptual approach can help to ad-

vance both knowledge and action for how clinical climate informat-

ics can drive healthcare decarbonization activities toward net-zero

emissions, reducing e-waste, promoting responsible resource stew-

ardship, and achieving environmental sustainability.

THE USE OF I-CLIMATE FRAMEWORK TO GUIDE
INTERVENTIONS AND ACTIONS

The i-CLIMATE Framework has the following 5 components re-

lated to promoting decarbonization activities and reducing e-waste

in healthcare (Figure 1).

Create a circular economy for health IT
Goals: reuse, refurbish, repurpose, and recycle

The principles of a circular economy which include the elimination of

waste and pollution along with decisions to reuse, refurbish, or repur-

pose equipment and materials are well-known outside of healthcare,

but these ideas need to quickly make their way into clinical informat-

ics and healthcare.17 For example, in high-income countries, health-

care organizations commonly implement high-end computer

hardware and it is generally recommended that they replace the vast

majority of these devices every 2–4 years depending on improvements

in technology, clinical, or administrative use cases, and budget avail-

ability.14 This rapid turnover in computer equipment ensures that

users experience good performance and high reliability necessary for

them to run the latest releases of operating systems and application

software. By replacing or upgrading key components (eg, power sup-

plies, cooling fans, hard drives, or adding RAM—random access

memory) and continuing to use the same hardware longer, an organi-

zation can significantly reduce their contribution to product life cycle

emissions and the enormous amount of e-waste created every year.18

In addition, organizations can preferably contract with certified

“green” vendors that have take-back programs to ensure repurposing

of equipment and components,17 and take responsibility for recycling

materials only when reuse is no longer feasible, rather than throwing

materials away.19–21 When acquiring new, and upgrading existing
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equipment, Energy Star efficiency ratings should also be prioritized,

to maximize energy efficiency.22

Reduce energy consumption
Goals: power down, use low-power devices, and increase use of re-

newable energy

A large healthcare organization uses significant quantities of electric-

ity to run their computers, and HVAC systems required to maintain

the climate-controlled environment. By combining administrative

data from the EHR (eg, operating room, clinic schedules, or hospital

room assignments) with building-level energy and device monitoring

software,15 an organization could identify facility areas, not in use

and automatically reduce lighting, ventilation, and power down elec-

tronics. Modifying current energy delivery to an “on-demand” model

can reduce energy consumption not just related to building and com-

puter use but also other hospital equipment.23 This would require

manufacturers to develop, and healthcare organizations to adopt and

use, functionality (eg, electrical submetering and other sensor-based

infrastructures24) to allow them to monitor their equipment, safely

enter a low-power standby mode, and then power up quickly as

needed. It may also be possible to improve overall energy efficiency

by reducing patient and staff driving, for example, by using telehealth

for relatively simple follow-up visits.25 This will require clinicians,

healthcare organizations, and payers to develop and implement guide-

lines for appropriate use and billing of telehealth services based on

patients’ conditions and preferences beyond those adopted during re-

cent emergency pandemic conditions.26

Support clinician and administrator decision-making
Goals: measure, display, and monitor data and performance

improvement

In addition to making changes in the procurement, use, and configuration

of the hardware and software itself to address climate change, health IT

can also enable clinicians and healthcare administrators to make climate-

informed changes in their procurement and work processes.11

A primary goal of Clinical Climate Informatics is to support

more climate-friendly clinical decision-making. Substantial overuse

of testing, medications, and supplies is ubiquitous in healthcare.27 In

instances where there are clinical outcomes equipoise, clinicians

may reconsider alternatives before prescribing a product with a large

carbon footprint or while prescribing similar medications or supplies

that have very different carbon footprints.11 For example, consider-

able work has been done to assess the impacts of commonly used an-

esthetic gases isoflurane, desflurane, sevoflurane, and nitrous oxide

on climate change.28,29 Assuming the cooperation and support of

EHR vendors, it would be relatively simple to display in real-time

the carbon dioxide equivalent impacts of each anesthesia option

available to clinicians at the point-of-care, along with more familiar

equivalencies such as miles driven,30 to encourage environmentally

preferable choices. Real-time alerts for fresh gas flow rates have

been available for over a decade and have demonstrated waste re-

duction success.31 Such information displays might serve to nudge

clinicians to select anesthetic gases with fewer climate impacts32 and

reduce their overall use.28

Using embodied carbon emissions when evaluating the purchase

of supplies or equipment is not well known to middle management

Figure 1. The i-CLIMATE framework and the relationship between the 3 guiding principles and the 5 action components for how clinical informatics can help re-

duce healthcare’s environmental pollution and climate-related impacts.
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who make systems-level procurement decisions. For example, SAP re-

cently released its Product Carbon Footprint Analytics tool which

provides a means for organizations in select industries to assess the

carbon footprint of their devices or supplies across the value chain.33

Similar tools could be developed to cover the healthcare industry.

Health IT could then help by creating organization-wide dashboards

that incorporate this type of product lifecycle carbon emissions infor-

mation to help clinicians and healthcare administrators consider,

track, and compare the environmental costs of different supplies, sim-

ilar to those used to monitor EHR usage,34 safety,35 maintenance,36

or financial costs.37 Often, displaying and monitoring the actual or

relative costs of different options is enough to change behavior.11

The EHR can facilitate measuring, displaying, and monitoring

information that estimates the effects of various decisions regarding

the use of supplies, treatments, or medications on GHGs. Similarly,

tracking procurement and supply chain data can provide informa-

tion on how a healthcare system uses and disposes of supplies.

Health IT can be used to track all of the information on use, clean-

ing, and disposal of different supplies and related work processes.

Displaying this information to clinicians and administrators who

make decisions about procurement and supply chain management

within a healthcare organization can nudge them into better re-

source stewardship and more carbon-friendly choices.

Mobilize the healthcare workforce
Goals: train, educate, and incentivize

To achieve high impact from the i-CLIMATE Framework, the entire

healthcare community should ideally be involved, including infor-

maticians, payers, suppliers, administrators, clinicians, and patients.

Most chief information officers (CIO) and chief medical informatics

officers (CMIO) are not taught about this in any informatics curric-

ulum even though they control a significant portion of the equip-

ment purchasing and other decisions responsible for generating a

significant amount of GHGs, environmental waste, and energy con-

sumption. Most C-suite executives and their boards of directors in

healthcare that make key decisions also do not currently have data

or information to guide them about climate actions even though

they may realize it is an important area to focus on.38 Informaticians

can play a key role here. In addition to ensuring these influential

executives can understand quantitative data about the problem, they

can communicate how informatics and health IT can make a differ-

ence.39 These concepts apply to administrators and clinicians too.

For instance, the CMIO can help educate and support clinicians in

their day-to-day decision-making through judicious use of both ac-

tive and passive clinical decision support within the EHR. Finally, if

healthcare organizations included information about their decar-

bonization activities, efforts to reduce e-waste, and activities to pro-

mote responsible resource stewardship and environmental

sustainability in their annual reports and community outreach activ-

ities, future staff would be able to use this information to help them

choose where to work.40 There is a possibility that climate-

conscious patients would also make use of this information when

making elective healthcare decisions.41

The current climate emergency needs bolder actions and this is

also true for clinical informatics. We propose the development of a

specific clinical climate informatics curriculum that focuses on use

of data, information, and knowledge and their associated princi-

ples of management to operationalize the 5 components of the i-

CLIMATE Framework. For example, healthcare organizations

need new educational content to address the importance of mitigat-

ing GHGs and environmental waste in building a sustainable fu-

ture, along with education on how best to use utilization and

emissions data for strategic management within their healthcare

delivery system. This latter activity in turn would generate new in-

formation on how healthcare organizations could modify existing

applications, decisions, devices, and processes to address the prob-

lems of climate change. Finally, informaticians can nudge and mo-

tivate health system administrators to change by integrating

activities for reducing GHGs, energy consumption, or environmen-

tal waste with activities already being undertaken as part of exist-

ing incentive programs.

Inform policies and regulations for change
Goals: incentivize, motivate, report, and regulate

Ultimately, various types of economic, social, regulatory, and politi-

cal strategies are needed to effect change. Healthcare organizations

spend a tremendous amount of money on computer and networking

equipment in addition to utility bills. Better IT-enabled methods still

need to be developed to capture and report carbon footprint data.

Health IT can also better capture the health-related impact of cli-

mate change, for example, through new pollution-related disease

classification codes.42 For example, even though certain conditions

(asthma exacerbation from smoke, heat-related illnesses) are precipi-

tated by climate changes and pollution, the current billing codes in-

frastructure and our EHRs do not accurately account for this. These

methods could provide a more powerful data-informed “burning

platform” to impact policies and regulations. Furthermore, clinical

climate informatics and use of large-scale, integrated electronic data

could not only help advance knowledge about the health impacts of

climate change but also help understand their mechanisms, enable

opportunities to intervene, and provide early warning signals to pro-

tect patients and the public.43 Such climate-related data could be of

immense value to policymakers who serve vulnerable populations

and communities.

Informatics can enable the data and information that organiza-

tions need to exert their economic power to put pressure on IT, util-

ity, and service suppliers to encourage them to “go green.” In

addition, healthcare organizations and their IT leadership can use

this data and information to work with their local, state, and na-

tional political representatives to encourage them to enact climate-

friendly legislation, including driving rapid shifts to clean power.44

i-CLIMATE framework implementation

Given the financial, technical, and personnel constraints that exist

in the modern healthcare delivery system, implementing the i-CLI-

MATE framework will be challenging. However, rapid implemen-

tation is critical if we are to make the necessary changes required to

meet aggressive climate targets.45 Currently, work underway in

both the National Academy of Medicine Action Collaborative to

Decarbonize the U.S. Health Sector46 and the U.S. Health and Hu-

man Services Office of Climate Change and Health Equity47 could

bolster such efforts. Table 1 (below) gives pragmatic examples of

actions that could be taken in each of the i-CLIMATE framework’s

components. With each potential action or intervention designed to

reduce energy consumption or environmental pollution, we provide

its rationale, potential barriers or risks that implementers may en-

counter, along with a suggested strategy to address them. Success

in implementing these actions will require a concerted effort, atten-

tion to potential unintended consequences, a consideration of

tradeoffs, and compromise. Implementation thus is a shared re-
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Table 1. Operationalizing the i-CLIMATE framework to decarbonize healthcare and reduce environmental pollution

i-Climate framework

component

Potential action or

intervention

Rationale Potential barriers or risks Strategy to address

barrier or risk

Circular Health IT

Economy

Lengthen replacement

cycles for servers and

clinical workstations to

4–6 years.

Reduce consumption of

natural resources, com-

puter components, and

waste generation; save

money; save work

Reduced computer perfor-

mance and reliability

Consider adding RAM to

workstations; Make sure

devices are free from disk

clutter and malware

Right to update, repair, or

replace internal com-

puter hardware compo-

nents

Reduce downtime; increase

supply chain resilience;

Save money

Reduced safety and reliabil-

ity; Often requires reap-

proval by FDA, Lack of

policies to support activi-

ties

Adopt Federal Trade Com-

mission recommenda-

tions on the “right to

repair”48

Contract with take-back

programs certified to re-

sponsibly repurpose, re-

furbish, and (lastly)

recycle devices49

Reduce consumption of

resources required to

manufacture devices (eg,

greenhouse gases used to

generate electricity; plas-

tics used in computers,

rare earth elements used

in computer hardware)

Risk of inadvertent disclo-

sure of protected health

information on old disks.

Challenge to ensure sus-

tainability claims to

avoid greenwashing50

Scrub all hard drives and

memory before recycling.

Mandated standard envi-

ronmental disclosures.

Use certified vendors.

Encourage health IT-related

suppliers to go green

Reduce consumption of

resources required to

manufacture and dispose

of devices, and use safer

materials

Suppliers may try to raise

prices to accommodate

“green” initiatives

Negotiate with multiple

suppliers; get competitive

bids; Mandated standard

environmental disclo-

sures

Greenwashing

Reduce Energy

Consumption

Use IT to identify unused

areas and equipment to

power down

Save electricity Decreased lifespan of devi-

ces; increased time to

login in the morning; dif-

ficult to do nightly

updates to software/op-

erating systems

Develop applications to au-

tomatically shut down

unused devices and re-

start machines before

work starts

Use low electrical consump-

tion CPUs

Reduce electricity con-

sumption

Slower computers result in

longer response times for

clinicians

Newer devices should have

minimal differences in

performance

Use shared cloud comput-

ing resources rather than

locally hosted solutions

Savings on electric, heating,

cooling resources51

Loss of local control; po-

tential increased risk of

data breach

Require remote-hosting

services to sign a business

associate agreement as

specified in HIPAA

Use clean energy sources

for data center;

Reduce greenhouse gases

and toxic air emissions

from fossil fuel combus-

tion used to generate

electricity

Underdeveloped high-reli-

ability, clean energy in-

frastructure

Invest in newer battery

technology and solar

panels; Work with local

utilities to maximize abil-

ity to respond to emer-

gencies; encourage state-

level policies to drive

investments in clean

energy

Optimize algorithms to re-

duce computational com-

plexity and memory

requirements

Reduce computational

requirements—save elec-

tricity; enable organiza-

tions to use smaller

computers

Assumes that algorithms

are not already opti-

mized.

With a concerted effort,

most software can be sig-

nificantly improved

Reduction in printed refer-

ence books

Increased availability of ref-

erence material via com-

puter; Reduced printing

costs; Save natural

resources

Information not available

during power outages;

Work to reduce impact of

power outages

Increased use of telemedi-

cine52

Reduce driving for patients In-person visits are still

needed for testing, proce-

dures, and certain treat-

ments. Increased

technology and energy

requirements.

Develop guidelines for ap-

propriate use of telemed-

icine services based on

patient condition

(continued)
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sponsibility that involves many stakeholders including clinicians,

patients, informaticians, senior IT, and administrative leadership,

EHR vendors, policymakers, and the government. Successful im-

plementation will also require a strong scientific foundation that

involves implementation and behavioral scientists, especially hu-

man factors experts and organizational psychologists, alongside en-

vironmental scientists who have experience with similar efforts in

other industries.

CONCLUSIONS

The current climate emergency calls for bold involvement from

the clinical informatics community. We define a new subfield of

biomedical informatics, “Clinical Climate Informatics” that focuses

on use of data, information, and knowledge and their associated

principles of management to operationalize actions to drive health-

care decarbonization activities toward net-zero emissions, reduce e-

waste, and promote environmental sustainability. This field sup-

ports implementation of the i-CLIMATE Framework. While the

framework is bound to evolve over time, it is currently pragmatic

and actionable enough to start creating the much-needed momen-

tum to leverage data, information, knowledge management technol-

ogies, and informatics approaches to accelerate healthcare’s journey

to net-zero emissions. Implementation of this framework using soci-

otechnical principles54 which include consideration of hardware and

software as well as people involved, their communication patterns,

workflows, culture, environment, and external rules and regula-

Table 1. continued

i-Climate framework

component

Potential action or

intervention

Rationale Potential barriers or risks Strategy to address

barrier or risk

Support Clinical or Admin-

istrative Decisions

Alerts to reduce ordering/

use of tests, medications,

procedures; Personalized

resource consumption

and associated emissions

reports

Reductions in unnecessary

test, medications, proce-

dures; Reduce costs and

pollution

Decreased revenue for

health system; Increase

alert burden for clini-

cians; Reduction in ad-

herence to other alerts

Use noninterruptive infor-

mation displays; Work

with payors to share cost

savings

Adopt pollution-related dis-

ease classification

codes53

Help improve our under-

standing of the effects of

pollution on health

Insufficient knowledge to

utilize existing codes; in-

sufficient codes

Work with clinical content

vendors to make codes

widely available; advo-

cate for new climate-re-

lated diagnosis codes42

Reporting and displaying

estimates of carbon-

equivalent emissions in

EHR, to influence envi-

ronmentally preferable

choices

Increased awareness of the

problem; promote

change

Increased time, effort, and

cost to generate reports;

information overload for

clinicians; reduced screen

space for other clinical

information; vendor

greenwashing of product

and service emissions

Work with EHR vendors to

create reports that can be

shared across their cus-

tomer base; governmen-

tal emissions reporting

standards

Reporting and displaying

estimates of carbon-

equivalent measures in

procurement databases

to influence environmen-

tally preferable choices;

Reduce shipping and han-

dling costs

Potential increase in costs;

vendor greenwashing of

product and service emis-

sions

Work with suppliers to re-

duce impact of changes;

governmental emissions

reporting standards

Use data analysis to stream-

line work processes, pro-

cedures, and

procurement processes

(eg, shortest driving

routes)

Eliminate waste of supplies;

optimize driving and de-

livery routes

Information gaps and lack

of integration.

Many of these services are

already commonly avail-

able; work with vendors

for seamless data integra-

tion.

Mobilize workforce Mobilize healthcare work-

force around climate

change issues

Increase awareness of the

problem; promote

change

Reduced time for other im-

portant clinical matters

Work to make climate

issues part of daily life

Inform policy development Use IT to control energy

consumption of the

building (lighting,

HVAC)

Decrease energy consump-

tion; save money

Small, short-term impact

during periods of change

from nonuse to high-in-

tensity usage; nonevi-

dence-based policy

barriers around infection

control.

Careful attention to transi-

tions should minimize

impacts. Rational poli-

cies to permit HVAC set-

backs.

Policy changes for Payors

to set and incentivize

“green” targets for data

centers and workstations

Increase awareness of the

problem; promote

change

Potential to reduce time de-

voted to other issues; leg-

islative inertia.

This should become com-

monplace over the next

few years; international

policy drivers.
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tions, can help ensure an important role for health IT-enabled

healthcare and its practitioners in addressing environmental sustain-

ability and improving planetary health.
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