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Developing a Standard on Long-Term Care Homes
By Pantea Niksirat

Long-term care homes (LTCHs) face unique challenges that have
been exacerbated by the COVID-19 outbreak. The public and me-
dia have been alarmed by high infection rates and the number of
deaths in LTCHs over the course of the pandemic. In response, CSA
Group (Canada’s largest standards development organization), sup-
ported by funding from the Standards Council of Canada (SCC),
is spearheading the development of a standard dedicated to the
needs of LTCHs. This initiative has included stakeholder surveys and
information-gathering sessions with a variety of interested parties
(including LTCH residents, family members, caregivers, and LTCH
management) coupled with CSA Group’s accredited standards de-
velopment process. The standard is scheduled to be published in
December 2022.

Key words: Standards, long-term
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prevention.

IMPORTANCE OF LONG-TERM
CARE HOMES

The COVID-19 pandemic illustrated the
vulnerability of, and challenges confronted
by, LTCHs in Canada. As of May 2020, 840
outbreaks had been reported at LTCHs and
retirement home facilities, which accounted
for approximately 80% of all COVID-19 re-
lated deaths during the first pandemic wave.1

Currently, there are 2,000-plus LTCHs with
more than 250,000 residents in Canada. The
Conference Board of Canada estimates the
need for an additional 199,000 long-term care
beds by 2035 to keep pace with the aging
population.2

LTCH residents are often older, with pre-
existing medical conditions. These residents
also tend to be more prone to infections due
to shared space and supplies, frequent trans-
portation between medical institutions, and
insufficient and varying practice standards
within the homes.

“This past year has brought to the forefront
significant issues within our long-term care
homes,” saysDr.AlexMihailidis, chair of CSA
Group’s technical subcommittee for the LTCH
standard. “In response, we need to do all that
we can to help ensure that these facilities are
places where everyone feels cared for in a safe
and compassionate way.”3

LONG-TERM CARE HOMES
STANDARDS

LTCHs have been at the center of COVID-
19 media coverage. Infection prevention and
control was one of the major challenges in
LTCHs during the pandemic, and Canada
was identified as having the worst infection
rates and deaths in LTCHs of any Western
country, as highlighted by CBC News.4 Also,
a publication by the Canadian Centre for Pol-
icy Alternatives (CCPA) recommended de-
veloping national standards in areas such as
LTCHs.5
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To address some of the challenges faced
by LTCHs, CSA Group and the Health Stan-
dards Organization (HSO) are collaborating
with the SCC to develop two new comple-
mentary standards.HSO is an accredited stan-
dards development organization in Canada,
and HSO’s standard, CAN/HSO 21001:2022
Long-Term Care Services, will mainly fo-
cus on the quality of direct care, such as
staffing and residents’ rights. CSA Group’s
standard, CAN/CSAZ8004 operation and in-
fection prevention and control of long-term
care homes, will address safe operating prac-
tices and infection prevention and control
in LTCHs. This standard will also help pro-
vide a safe long-term care home setting that
is needed to support the quality of care for
residents.
“In terms of our standard, we deal with

the nuts and bolts of what LTCH facilities
need to consider, such as infection prevention
and control, PPE, etc.,” says Doug Morton,
vice president of government relations at CSA
Group.6

Multiple areas are covered or referenced
in the CSA Group standard, such as heating-
ventilation-air conditioning (HVAC), plumb-
ing, medical gas systems, and the use of
technology.
“CSA’s standard is covering the infrastruc-

ture that is required to keep LTCH residents,
staff, and visitors safe with respect to infec-
tion prevention control,” says Dr. Mihailidis.
“More specifically, the National Standard of
Canada for Operation and Infection Preven-
tion and Control of Long-Term Care Homes
(CSA Z8004) will cover a lot of the typical
things: the engineering systems, ventilation,
and things like that, but we are also looking at
design aspects as well that will support these
operational requirements to keep all the resi-
dents and staff safe within these LTCHs.”7

ENHANCED PUBLIC ENGAGEMENT
AND STAKEHOLDER CONSULTATION

In a typical standards development pro-
cess, standards are established by technical

committees of external experts and stakehold-
ers, and the drafts are then presented for pub-
lic review. Canadians are encouraged to com-
ment and recommend changes to the draft
over a 60-day period.

“The public review process not only repre-
sents a significant project milestone, but one
of the most consequential in the standards
development process,” says Mary Cianchetti,
president of standards at CSAGroup.8

In developing the LTCH standard, CSA
Group extended this approach to include en-
hanced public engagement, which exceeded
the accredited standards development pro-
cess. Together with other collaborating or-
ganizations, CSA Group hosted six targeted
consultation sessions and three national
surveys to engage technical experts and
other stakeholders. The consultations took
place in June and August 2021 and targeted
specific groups, including frontline work-
ers, Indigenous communities, older adults,
the LGBTQ community, and operational
staff.

More than 225 individuals participated in
these consultation sessions, and the surveys
received 776 responses from across Canada,
representing 12 provinces and territories. The
survey participants comprised LTCH resi-
dents, their caregivers and families, frontline
staff, LTCHmanagement and administrators,
government regulators, and research and ad-
vocacy organizations.

CSA Group published a “What We Heard”
report summarizing insights from the public
engagement sessions. These insights outlined
principles that help inform all aspects of op-
erations, infection prevention and control,
policies and procedures, and the design of
LTCHs. Based on findings during the con-
sultations, three principles were identified:
people-centered care; equity, diversity, and
inclusion; and gender and sexual inclusivity.9

The report also discussed the themes that
emerged from the consultation process, in-
cluding COVID-19 policies and procedures,
equity, diversity and inclusion, training and
education, food and nutrition, infection
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prevention and control, HVAC, and envi-
ronmental design.

STANDARD DEVELOPMENT STATUS
AND ADOPTION

The CSAGroup technical subcommittee for
the LTCH standard used the valuable insights
from the enhanced public engagement pro-
cess to inform the development of the stan-
dard draft, and the 60-day public review took
place fromFebruary toApril 2022. CSAGroup
also applied the enhanced public engagement
approach during the review period, orga-
nizing several information sessions to help
stakeholders and the public actively partici-
pate. The information sessions provided an
overview of the standard draft, emphasizing
its key aspects, and helped participants un-
derstand how to share their comments and
input with CSA Group. Currently, the tech-
nical subcommittee is reviewing all submit-
ted comments. The final version of the CSA
Z8004 standard is expected to be published in
December 2022.
In addition to investments in LTCH stan-

dards, the federal government has indicated
its intent to create a new Safe Long-Term
Care Act, which would set national stan-
dards of care. In Canada, health care falls
under provincial and territorial control, and
it’s ultimately their decision to implement the
standards.
“As thorough as CSA Group’s new stan-

dard will be, its adoption will be voluntary

unless it’s incorporated by governments, reg-
ulators, or best-practice guidelines,” says
DougMorton. "We’re having discussionswith
federal and provincial governments, and we
have members from government on the tech-
nical committee, so we’re very hopeful.”10
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Harnessing the Power of Messaging:
ANSI Z535 Standards
By Paul Orr, CStd.

Can you imagine receiving a new electronic
product from Amazon, plugging it in, and
inadvertently touching a surface panel and
feeling the sting of that surface being hot to
the touch? Couldn’t the manufacturer have
warned you with a mark or label that the sur-
face panel gets hot?
While many of us take messaging, signage,

symbols, and various color-coded caution and
warning markings on products for granted,
the codification of those criteria for compre-
hension and consistency is what ANSI Z535
standards are all about.
The Accredited Standards Committee on

Safety Signs and Colors (ASC Z535) develops
and revises the suite of ANSI Z535 standards.
Having been the secretary of the ANSI Z535
Committee for several years, let me walk you
through some of what this standards commit-
tee is all about and touch a little on safetymes-
saging in the broader context.

CRITERIA FOR SAFETY SYMBOLS:
ANSI Z535.3

First, let’s take a close look at the Standard
for Criteria for Safety Symbols (ANSI Z535.3),
then discuss other Z535 applications in gen-
eral. ANSI Z535.3 was first published in 1991
and initially revised in 1998. The scope of this
standard is to provide the general criteria for
the design, evaluation, and use of safety sym-
bols to identify andwarn against specific haz-
ards. The purpose is to promote the adoption
and use of uniform and effective safety sym-
bols for safety communication.

The symbols in the original ANSI Z535.3
standard were selected because they ad-
dressed some of the most common, general,
or critical hazards. In the table below are a few
examples (without the pictogram) of some
of the hazards that had symbol guidance as
featured in the 1991 version:

As the realm of possible hazards contin-
ues to unfold across environmental, commer-
cial, and industrial spaces, ASC Z535 is con-
tinually challenged with selecting and gain-
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ing consensus on new criteria and examples
to be included in the standard.

GUIDANCE ON DEPICTING SYMBOLS

Coupled with the criteria codified in the
body of the standard are two informative
annexes created to guide implementers. The
committee developed Annex A to provide
principles and guidelines for the graphical
design of safety symbols. This is where the
concepts of standardization are delineated by
providing examples of panel designs of the
safety symbols. With hazard alerting, there
are examples of symbols depicting the follow-
ing: flammable, trip hazard, explosion, and
falling objects. There are also prohibitionary
symbol examples such as no smoking and no
diving.
Annex A also provides fire safety exam-

ples for important symbols such as fire extin-
guisher, fire hose and reel, andfire alarmpoint
call.
Since the suite of ANSI Z535 standards cuts

across many industries, inquiries and sugges-
tions come in from time to time asking about
symbols, colors, and labels. In determining
and selecting any new or revised guidance for
inclusion in the standard or revising an exist-
ing symbol depicting an example, the com-
mittee needs to think about what message is
being communicated to the viewer. It is not
only the symbol itself that has to be taken into
consideration, but the referent, which is the
message intended to be associated with the
safety symbol.
Before building consensus and proceed-

ing to voting, the Standards Committee must
choose a symbol, which typically involves
testing that measures a person’s comprehen-
sion of the symbol. Which symbol passes the
comprehension test? Which symbol fails?
As such, the committee also developed

Annex B, which contains general procedures
for implementers evaluating candidate safety
symbols. Annex B contains a testing proce-
dure using an empirical approach for evalu-
ating the comprehensibility of candidate sym-

bols for safety messages. See Exhibit A below
for a sample symbol test question.
Exhibit A. An example of a sample symbol

test question from Annex B, General Proce-
dures for Evaluating Candidate Safety Sym-
bols of ANSI Z535.3
Example of a good answer
Context: This symbol appears on appli-

ances and machines used in the home and
workplace.

Exactly what do you think this symbol means?
Caution. Moving gears. Do not stick hand near

machine while it is running.
What action should you take in response to this

symbol?
I would stay away and not put my hand near the

machine until someone stopped it.
What might happen if the instruction is not fol-

lowed?
My fingers might get caught in the gears.
Participant No._____

Standards committees that administer ac-
tively used standards that are used across
different sectors (such as the Z535 series)
recognize that keeping those standards rel-
evant with technology and societal needs is
vitally important to the U.S. standardization
landscape.
So, what is planned for Z535.3 to keep

it relevant? One anticipated change in the
upcoming 2022 edition of ANSI Z535.3 is
that multiple choice testing as a method of
symbol comprehension is to be eliminated.
It is an outdated method of comprehension
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testing that has not been recommended for
decades. Several symbols in Annex A are be-
ing updated as well. The 2022 edition of this
standard is also being revised to clarify the re-
lationship of ANSI Z535.3 to other applicable
standards and regulations.

OTHER Z535 STANDARDS AND
MESSAGING ON ELECTRICAL

PRODUCTS

While Z535.3 addresses criteria for symbols
and their safety messaging, there are product-
specific marking and labeling requirements
applicable to appliances in the home, such as
for irons and toasters, electric tools such as
drills and circular saws, and other hand tools.
Computers and peripheral devices also bear
labels and markings.
Whether shopping on the Internet or at a

brick-and-mortar retail supplier, consumers
should certainly look formarkings thatwould
indicate declaration of third-party safety test-
ing on their electrical products. For instance,
anUnderwriters Laboratories (UL) listing cer-
tification mark or an ETL mark (Intertek)
would indicate that an electrical product has
been tested by the respective laboratory and
that it meets certain established safety re-
quirements. However, there are other labels,
markings, tags, and instructional graphics
that we need to be aware of. This is where the
ANSI Z535 messaging standards apply.
Manufacturers of products that have a like-

lihood of posing a risk when used should fol-
low voluntary labeling compliance by prepar-
ing their labels, markings, colors, and other
collateral material in accordance with the re-
quirements in the respective ANSI Z535 stan-
dards. For example, a product may have a
mandatory symbol instructing and alerting
the user to consult the instruction manual
before proceeding. Theremay be a symbol de-
noting that there is a hot surface. The layout
of the caution and warning of these types of
graphic symbols across the ANSI Z535 suite
of standards is developed with the intent of
facilitating a high level of comprehension and

understanding and to provide messaging to
minimize the likelihood of personal injury.

SUITE OF ANSI Z535 STANDARDS

ANSI Z535 standards overall cover a wide
array of safety messaging across many in-
dustry platforms and applications. There
are presently six ANSI Z535 standards, as
follows:

ANSI Z535.1: Safety Colors

This standard prescribes the technical defi-
nitions, color standards, and color tolerances
for the ANSI Z535 uniform safety color.

ANSI Z535.2: Environmental Facility and
Safety Signs

This standard regulates requirements for
the design, application, and use of safety signs
in facilities and in the environment through
consistent visual layout.

ANSI Z535.3: Criteria for Safety Symbols

ANSI Z535.3 contains general criteria for
the design, evaluation, and use of safety sym-
bols to identify andwarn against specific haz-
ards and provide information to avoid per-
sonal injury.

ANSI Z535.4: Product Safety Signs and
Labels

This standard delivers specifications for the
design, application, use, and placement of
safety signs and labels on a wide variety of
products.

ANSI Z535.5: Safety Tags and Barricade
Tapes (for Temporary Hazards)

ANSI Z535.5 discusses tags and tapes,
which are used only until the identified haz-
ard is eliminated or the hazardous opera-
tion is completed. Industries (typically man-
ufacturing and construction) that employ
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lockout/tagout procedures or have a need to
mark an area affected by a temporary hazard
will find this standard beneficial.

ANSI Z535.6

Product Safety Information in Product
Manuals, Instructions, and Other Collateral
Materials. ANSI Z535.6 provides updated in-
formation for manufacturers to promote the
efficient development of safety messages.
While ANSI Z535.4 specifies guidelines for

the design of safety signs and labels for ap-
plication specifically for products, ANSI Z535
standards overall cover a wide array of safety
messaging across many industry platforms
and applications. For instance, the National
Electrical Safety Code® (NESC ANSI C2®)
rules and OSHA regulations require ANSI
Z535-compliant signs at appropriate places
around electrical utility facilities and work-
places. The attributes of appropriate safety
signs and labels for electrical utility use

include ANSI Z535.2, ANSI Z535.3, and ANSI
Z535.5. The coordinated ANSI Z535 criteria
apply to every temporary or permanent safety
sign or tag on a utility system.

NEW EDITIONS OF THE SUITE OF ANSI
Z535 STANDARDS

The next editions of the ANSI Z535 stan-
dards are expected to be published by the
fourth quarter of 2022. Additionally, a sev-
enth (new) standard is being developed to
address safety information in electronic me-
dia. The scope of this standard is anticipated
to include web pages, video materials, smart-
phone and tablet applications, augmented
and virtual reality, etc. The intent is to assist
manufacturers in formatting andmaintaining
safety information in electronic media while
conforming with ANSI Z535 standards.
For more information on ANSI Z535 stan-

dards, contact Paul Orr (pau_orr@nema.org).

Paul Orr is senior programmanager of utility products and systems at the Na-
tional Electrical Manufacturers Association.
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Sustainable ICT: Mitigating the Carbon Footprint of
the Digital Economy Through Standards
By Joseph Bocchiaro III, PhD, CStd, CTS-D, CTS-I, ISF-C

ABSTRACT: The environmental impact of the information technol-
ogy revolution over the last 50 years includes a variety of effects to
the physical and energy domains, such as water and air pollution.
Collateral damage to the environment due to mining, manufactur-
ing, transportation, packaging, and solid waste disposal also con-
tributes to this pollution in indirect ways. An acknowledgement of
the impact on climate change from carbon pollution such as carbon
dioxide and methane gases also occurred through this time. Mean-
while, society’s evolution towards ICT (information communications
technology) consumption and use contributed to an increasing use
of electricity, much of it generated from burning fossil fuels, leaving
a substantial “carbon footprint.” Industries and governments have
responded to these pollution issues with guidelines, standards, and
resulting regulations in attempts to mitigate their effects. In this cur-
rent time of the climate crisis, these standards are important tools for
positive change, and the resulting applications have had and con-
tinue to have positive impacts on reducing carbon emissions. This
paper explores some of the energy efficiency issues surrounding the
ICT industry and some of the prominent standards intended to mit-
igate carbon emissions in several of the domains in this important
initiative.

INTRODUCTION

Over the last 50 years, there has been a slow
but steady increase in the amount of digi-
tal data created, stored, distributed, and con-
sumed around the world. This era debuted
personal computers and building-wide data
networks and eventually led to the Internet.
This universe of technologies is broadly re-
ferred to as ICT: information communications
technology. The relative trickle of data in the
1980s is now a data explosion, with ubiq-
uitous digital devices using ever-expanding
data throughput as file sizes increase and net-
works are updated to accommodate them.

Cellular phones, tablets, network appliances,
and an ever-increasing array of Internet of
things (IoT) devices such as smart watches
and automobiles each add their share of data
appetite, as illustrated in Fig. 1.1 The shift to-
ward “cloud-based” data further exacerbates
data traffic, as people shift data storage and
processing away from their devices to “hyper-
scale” data centers. In addition to building-
based connectivity such as local area net-
works (LANs) and wireless (Wi-Fi) networks,
the convenience of smartphones lets us cre-
ate and consume data everywhere we go. It
is understood that the purpose of these de-
vices and networks is to support humanity’s
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Figure 1. Cisco Corporation Report: The Future of Digital Transformation.

advancement: tools that are an extension of
the human mind, a means to entertain and
educate us, also increase our productivity, or-
ganize our complex world, and enhance our
physical, social, and spiritual lives.
There have been countless benefits to hu-

manity resulting from the innovation, pro-
ductivity, and technological extension of soci-
ety that is digital information, but as with any
technology, this has not been without its con-
sequences. These by-products of progress in-
clude drawbacks such as pollution and waste
in the production of the equipment and enor-
mous energy consumption by the equipment.
These issues have become priorities, and in-
dustry trade associations and professional
societies, comprising myriad volunteers, are

addressing them.Association leadership is of-
ten composed of seasoned professionals who
are “giving back” to their profession by volun-
teering to share their knowledge, often in the
form of standards development. Over the last
two decades, this leadership has also striven
to contribute to the benefit of society by con-
sidering the impacts their profession has on
pollution, sustainability, and social responsi-
bility. Conscience and economics are power-
ful driving forces behind motivating people
to transform their industries for the benefit
of humanity and the environment and are
needed to achieve sustainability goals. The
recent corporate emphasis on ESG (environ-
mental, social, and governance) criteria is also
a motivator for businesses to contribute to
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sustainability-related standards development
for their industries. This paper explores these
issues and the standards behind them.

The Areas of Concern

There are countless factors, trends and tech-
nologies that contribute to the carbon foot-
print of the digital economy. Indeed, data
technology is now so woven into nearly ev-
ery aspect of global activity and society that
it would be nearly impossible to account for
all of it, (and, ironically, this would require
a ridiculously massive database that would
have to be updated continuously, supported
by data networks). However, we can consider
the major uses of these technologies and eval-
uate how we are doing in mitigating their im-
pact on planet Earth. We are all aware of the
big data consumers in our society; here are
some of the origins:

• E-commerce
• Governance
• Healthcare
• Internet browsing
• Social media
• Streaming media
• Internet of Things (IoT)
• Cryptocurrency/Blockchain systems
• Mobile devices/Telecommunications
• Video surveillance
• Transportation

The digital economy has expanded and has
fostered many benefits to society because of
the information technology revolution. Here
are some examples:

• Increased productivity and access to
information

• Expansion of global commerce
• Social connectedness; experience archiving
• Quality of life: entertainment, personal

knowledge expansion
• Reduction in the consumption of paper

Each of these beneficial and useful pur-
poses of the digitalization of society requires
hardware, software, connectivity/transport,

and storage to operate. Each of these aspects
also contributes to the sustainability conver-
sation: What are the impacts on the environ-
ment through the life cycle of these products
and their use—their “cradle-to-cradle®”2 life-
cycle? These ill side effects of the successes of
the digital economy are well-known:

• Electronic waste (E-waste) from the rapid
obsolescence of equipment

• Energy consumption, including consump-
tion during idle equipment states

• Pollution from production and hazardous
materials (e.g., lithium, arsenic, cobalt, and
lead)

These pitfalls of ICT’s benefits must be
balanced with the side effects—and perhaps
there is an argument that the benefits out-
weigh the harm—but this is impossible to de-
termine. This relationship between benefits
and harm is (or should be) a part of every type
of technology implementation and, in hind-
sight, was also impossible to predict in the
case of ICT proliferation. There is no clear an-
swer to the question of whichway the balance
is tipped, and by no means is the story over,
as we are certainly still in the infancy of the
digital revolution. However, we do know that
progress is being made, and the balance is be-
ing tipped by one of the fingers on the scale—
the standards development community.

Industry Response through Standards
Development

The ICT industry is intertwinedwith nearly
every aspect of society and commerce. Along
with the benefits and new capabilities ICT
brings comes the need for sustainability to
buffer its negative impacts. The myriad stan-
dards development organizations (SDOs; see
Fig. 2) have responded by influencing their
stakeholders with countless standards, best
practices, guidelines, and other documents.
Included with the positive parameters sur-
rounding these industries has been a concern
for the sustainability of this technology as
a buffer to its widespread negative impacts.
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Figure 2. ICT Standards Development Organizations.

Each SDO has focused on an aspect germane
to its constituents, with a combined positive
effect. Broadly, these focus areas center on
materials, hardware, software, network in-

Figure 3. ENERGY STAR Computer Certification
Benefits.

frastructure, facilities, and related industries.
Some of the many success stories are re-
viewed here, with the open question, “Has
the adoption of standards led to lower power
consumption and pollution than predicted?”
Next, we explore some of the main ICT do-
mains and their corresponding carbonmitiga-
tion standards.

Computers

Globally, the number of computing devices
has been continuously increasing, and there
is no end in sight. Fortunately for the Earth,
the power consumption of computers is be-
ing buffered by a trend toward smaller, non-
traditional desktop systems. Meanwhile, the
transition to laptops, tablets, smartphones
and dedicated “network appliances” has con-
tributed to a decrease in per-unit power con-
sumption. The computer industry has also
responded with market-driven features of
greater speed, higher efficiency, and lower
power consumption to remain competitive.
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Figure 4. University of Maryland Iribe Center: Network
Electronics.

This has had the effect of making comput-
ers more accessible to a wider population
through lower costs, but has driven rapid
device proliferation. The net result is an ex-
panding use of power, with resulting carbon
emissions.
In response to the ubiquitous use of

computers, SDO efforts to control pollu-
tion and power consumption have become
widespread, and the carbon mitigation po-
tential is very significant (Figure 3).3 For
example, the ENERGY STAR® Specification
states that “certified computer product crite-
ria require that computers operate efficiently
in multiple modes of operation (such as Off,
Sleep, and Idle), utilize efficient power man-
agement features, and utilize energy efficient
power supplies.”4 With this organization of
the concepts around energy conservation
through this type of standard, consumers are
given a trustworthy understanding of their
devices and the role they play.
The very nature of computers has also

been rapidly changing. Microprocessors are
built into so many different types of products
now that the idea of what a computer is has
blurred. Many of the most advanced proces-
sors are now essential to the operation of au-
tomobiles, for example, and as cars become
more autonomous using artificial intelligence
(AI), this trendwill increase and expand to the
transportation support infrastructure. This is

one example of the Internet of Things, or IoT,
whereby computers in devices are also con-
nected to the Internet and rely on “cloud”
services to operate. In effect, the energy ex-
pended at the device level is complemented
by more energy consumption elsewhere: in
data centers.

Computer Networks and Data Centers

Early computer systems were based on
large, centralized “mainframe” computers ac-
cessed by “dumb” terminals with no comput-
ing power of their own. There are still ex-
amples of this model, but through the years,
data became more de-centralized as comput-
ing power became affordable and data could
be stored and processed locally. Ironically,
now we are seeing this trend change again:
large “data centers” consisting of “server”
computers, arrays of storage devices, and cor-
responding network equipment are accessed
through the Internet by a variety of user de-
vices and machine interfaces. As the land-
scape outside metro areas became populated
with large, windowless data center buildings,
attentionwas drawn to this newphenomenon
and the extensive power required to operate
them. “US data centers consumed about 70
billion kilowatt-hours of electricity in 2014,
the most recent year examined, representing
2 percent of the country’s total energy con-
sumption. That’s equivalent to the amount
consumed by about 6.4million averageAmer-
ican homes that year. Data center electric-
ity consumption is projected to increase to
roughly 140 billion kilowatt-hours annually
by 2020, the equivalent annual output of 50
power plants (500 megawatt), costing Amer-
ican businesses $13 billion annually in elec-
tricity bills and emitting nearly 100 million
metric tons of carbon pollution per year.”5

The real power consumption and correspond-
ing use of fossil-fuel based electricity have
shifted to these data “farms.” Indeed, a special
name has been coined for the largest of them:
“Hyperscale Data Centers.”
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Figure 5. U.S. Library of Congress National Audio Visual
Conservation Center: Data Center.

When we refer to “the cloud,” we are refer-
ring to these relatively new modern marvels.
“’Hyperscale data centres emerged about a
decade ago when companies such as Ama-
zon and Google began to need fleets of a
quarter of a million servers or more,’ says
Bill Carter, chief technical officer at the Open
Compute Project. ‘It was started by Facebook
in 2011 to share hardware and software so-
lutions to make computing more energy ef-
ficient. At that point, it made no sense to
use off-the-shelf hardware from a computing
firm, as companies had typically done.”’6 In
many ways, this new paradigm has the po-
tential to bemore efficient than “on-premises”
data centers in schools and corporations, for
a variety of market-driven technical innova-
tion reasons. Interestingly, just as this hyper
model was maturing and becoming available
from a range of large service providers, it be-
came essential during the pandemic, as busi-
ness transportation decreased, replaced by
higher ICT utilization for functions like web
conferencing.
Hyperscale data centers take advantage

of specialized components and distribution
techniques, and there are now standards ad-
vising many of the energy consumption/
carbon emissions aspects of their operations:

• Optimized data transport7

• Minimum data center energy efficiency8

• Network switches: high port densities
• Data center infrastructure, lighting,

architecture9

• Liquid cooling
• Efficient data center operating systems

software
• Low voltage power distribution
• Air-side cooling opportunities in appropri-

ate data center Locales
• Low power idle (lpi) requests
• Cable length detection and power adjust-

ment
• Cable routing/airflow design
• Full-mesh networks
• Subsystem management and interaction
• Low consumption standby power network

interface cards (NICs)

As data centers have become such large
consumers of energy, mainly from fossil-fuel-
based electricity, there has been a widespread
industry initiative to migrate toward renew-
able energy. This trend holds the potential
for some of the greatest mitigating factors
for the digital economy’s carbon emissions,
and a standard is available to advise on how
to allocate these clean resources. “The Open
Standard for Data Center Availability (OSDA)
promises to modernize data center availabil-
ity classification and rating, similar to how
PUE (Power Usage Effectiveness)10 modern-
ized data center power usage. This new ap-
proach, which will be applicable to new de-
signs and retrofits, will allow for data center
designers and operators to increase resource
efficiency and sustainability by integrating re-
newable energy sources into the overall avail-
ability considerations. Data centers will be
enabled to access innovations and dynami-
cally changing designs and power sources in
the area of renewables. OSDA promises to be
more inclusive, non-proprietary, flexible, and
a means of fostering industry collaboration
and innovation. The development of a com-
panion tool will enable owners/operators to
put the OSDArecommendations into practice
and provide the ability to assess availability
and reliability of their data centers.”11
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After some criticism of their extensive en-
ergy use, some data center operators have
committed to 100% renewable energy, and
these guidelines are proving to be effective
in driving down digital economy carbon
emissions. One prominent company is show-
ing leadership in this area: “Amazon Web
Services (AWS) is focused on efficiency and
continuous innovation across our global in-
frastructure, as we continue on our path to
powering our operations with 100% renew-
able energy by 2025.”12 The journal Mission
Critical summarizes these trends, referring to
some of the technical metrics in this arena:
“Data center power and cooling efficiencies
have improved significantly and made sub-
stantial progress since TGG (The Green Grid)
first introduced PUE (Power Usage Effective-
ness). PUEs have dropped down to 1.1 for
some hyperscalers and range from 1.3 to 1.5
for many new colocation facilities. However,
IT power demands have increased massively
since 2007.”13 This is another good/bad news
scenario for the global warming mitigation
journey, but the standardization efforts to
contain this enormous aspect of the economy
are commendable, making this mitigation
effort more important than ever.

Software and Applications

Unseen and underappreciated, soft-
ware/code plays an enormous role in the
energy usage of the digital economy. Every
line of code that is executed uses a miniscule
amount of processing power, which in turn
uses energy. The energy efficiency of ICT is
usually defined as the number of bits that
can be sent over a unit of power consump-
tion, which is usually quantified by “bits per
Joule.” This adds up to a significant amount
of energy and corresponding carbon emis-
sions in total, leading to the importance of
the efficiency of code. In the earliest days
of computer code, resources such as RAM
(random access memory) and floating point
operations per second (FLOPS) were limited,
and software developers were pressed to be

creative in minimizing code instructions. As
technology advanced and software features
and capabilities expanded, it was not as criti-
cal to be as efficient in code writing, although
this has always been a personal challenge
for code writers. Standards developers have
addressed this aspect of energy efficiency in
computer operations. One such example is
from ISO/IEC: Systems and software Qual-
ity Requirements and Evaluation (SQuaRE):
“The characteristics … are relevant to all
software products and computer systems.
The characteristics and sub characteristics
provide consistent terminology for specify-
ing, measuring and evaluating system and
software product quality. They also provide
a set of quality characteristics against which
stated quality requirements can be compared
for completeness.” 14 This includes guidelines
for efficient code: “A set of attributes that
bear on the relationship between the level of
performance of the software and the amount
of resources used, under stated conditions."
Software programmers have standardized
guidance for time behavior, resource utiliza-
tion, and efficiency compliance.

There has been recent media attention to
one of the newest types of code and its power
carbon footprint: blockchain. In particular,
the use of blockchain technology for cryp-
tocurrency (crypto) and non-fungible tokens
(NFTs) has expanded tremendously, as has
the resulting power consumption. Blockchain
uses a multitude of distributed computer sys-
tems throughout the world to authenticate
data in its ledgers, but the biggest headlines
have been about Bitcoin. Bitcoin relies on ad-
ditional computing power to “mine” coins
and uses a computation-intensive schema
known as Proof of Work (PoW). There is now
a trend toward reducing crypto energy use,
for example with the major competing crypto
Ethereum, which is migrating toward the
Proof-of-Stake (PoS) schema. The power con-
sumption of Bitcoin must be balanced with its
promising alternative currency advantages,
acknowledging that Bitcoin miners have been
locating data centers in colder climes, using
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renewable energy such as hydropower and
solar.
Regardless of its benefits, crypto’s power

consumption is extensive: “The process of
creating Bitcoin to spend or trade consumes
around 91 terawatt-hours of electricity annu-
ally, more than is used by Finland, a nation
of about 5.5 million … Could the way Bitcoin
works be rewritten to use less energy? Some
other minor cryptocurrencies have promoted
an alternate bookkeeping system, where pro-
cessing transactions is won [sic] not through
computational labor but by proving owner-
ship of enough coins. This would be more
efficient. But it hasn’t been proven at scale,
and isn’t likely to take hold with Bitcoin be-
cause, among other reasons, Bitcoin stake-
holders have a powerful financial incentive
not to change, since they’ve already invested
somuch inmining.”15 Not surprisingly, SDOs
are taking action in mitigating crypto’s neg-
ative effects, with standardization initiatives
such as the IEEE’s “General Requirements
for Cryptocurrency Exchanges.“16 Interest-
ingly, this standard includes a rare subjec-
tive advisement for its users: “Self-discipline
and professional ethics of cryptocurrency ex-
change platforms, as well as relevance be-
tween them and to cryptocurrency wallets,
are covered in this standard.”

Product Design, Packaging, and
Transportation

In every industry, efficiently designed
products that are upgradeable, recyclable,
shipped without paper documentation in the
smallest recyclable packages, and transported
in direct and efficient paths are having an ef-
fect on mitigating their carbon footprints. The
ICT industry has a particular responsibility
in this arena, due to the rapid obsolescence,
high content of rare and toxic materials, and
high density of metals and petroleum-based
plastics. SDOs are having a positive impact in
these areas:

• Recyclable, compactable, returnable/
reusable products17

• Recyclable packaging materials18

• Transportation

Transportation is particularly timely as the
global supply chain has been in disruption
as of this writing, and much of the world’s
ICT equipment components originate in Asia.
According to the EPA,19 “Freight Matters to
Supply Chain Sustainability. Global trade has
a net positive effect on the world economy.
However, associated freight transportation
produces adverse impacts on the environ-
ment and public health. U.S. trends point to
rapid growth in freight activity:

• Between 1990 and 2013, freight activity
grew by over 50 percent and is projected to
nearly double again by 2040

• Experts project that by 2050, global freight
transport emissions will surpass those
from passenger vehicles

These trends compel many corporations to
seek opportunities to assess and streamline
shipping operations so they can use less fuel
and generate less pollution.”
The EPA has responded with the “Smart-

Way Transport Partnership (which) seeks
to improve the environmental performance
of the company’s shipping operations. The
SmartWay Transport Partnership works with
freight carriers, shippers, and other stake-
holders in the goods movement industry to
reduce fuel consumption, greenhouse gases,
and air pollution.” There are so many hidden
carbon footprints in the silicon sand of the ICT
industry, and every one of them threatens ICT
sustainability.

Cellular and Wi-Fi Communications

Global cellular telecommunications is an
enormous part of the ICT industry and is ex-
panding to meet the needs of a data-hungry
world, with a massive expansion of global in-
frastructure This sector’s power consumption
affects individual users on a personal level
through the battery life of their devices and
on a network level through the efficiency of
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the cellular infrastructure. The global cellular
networks are of particular concern, and there
is a call for more standardization in their
energy efficiency. According to the GSMA
(Groupe Speciale Mobile Association): “The
current reality is that overall energy usage by
the telecoms industry needs to come down
as the industry consumes between 2–3% of
global energy currently. Many national gov-
ernments are mandating businesses to adhere
to energy reforms (e.g., the EU’s 2030 climate
and energy framework), with the global goal
to reduce greenhouse gas (GHG) emissions
since 2014 by 30% in absolute terms by 2020
and 50% by 2030. The telecoms industry is
not exempt from these pressures, and the
evolution to 5G is an opportunity to deliver a
cleaner, greener telecoms footprint—indeed,
3GPP’s 5G specification calls for a 90% re-
duction in energy use.”20 The world has the
opportunity to create standards for a more
sustainable cellular telecommunications in-
frastructure as it rolls out 5G and as we
approach 11 billion cellular endpoints.
With the expansion of Wi-Fi in buildings

and residences, similar energy efficiency ef-
forts are necessary. According to ATIS (the Al-
liance for Telecommunications Industries So-
lutions), in reference to one of its efficiency ini-
tiatives: “This standard provides guidelines
on calculating the Telecommunication Energy
Efficiency Ratio (TEER) of a Wi-Fi Access
Point. By comparing the TEER reports of mul-
tiple products that have the same functional
capabilities and meet a common set of re-
quirements, a communications network oper-
ator, reseller, or end user can select the equip-
ment that best meets their energy efficiency
targets.”21 This attention to another invisible
technology that we take for granted is a wel-
come step in mitigating the carbon footprint
of ICT.

ICT Peripherals and Systems

The carbon footprint of the ICT industry
reaches far beyond computers and their net-
works. There are countless peripheral de-

vices that also have an enormous environ-
mental impact, such as audiovisual equip-
ment, printers, and the emerging devices that
make up the Internet of things. These “ap-
pliances” are the “endpoints” of ICT and its
data: sensing, entering, viewing, printing, col-
laborating, and automating. Nearly every day
there are product introductions of networked
equipment, in building automation, lighting,
security, entertainment, and industry-specific
areas such as healthcare, automotive, and oth-
ers. These devices fall under the broad cat-
egories of wireless sensor networks (WSN),
the Internet of things (IoT) and cyberphysical
systems (CPS) applications. SDOs are actively
addressing the carbon footprints of their in-
dustries through product and system stan-
dards, with these examples from the ICT elec-
tronics industries:

• A/V product energy efficiency22

• Audiovisual systems energy manage-
ment23

• Operational efficiency of information tech-
nology servers24

ICT Issues in Buildings

Every building today includes ICT in many
forms to serve the occupants’ activities, and
to run the building itself. One timely ICT ap-
plication is building automation, which re-
lies on networked devices to operate many
systems in buildings. In addition, networks
are a part of buildings, and buildings are a
leading contributor to carbon emissions. Ac-
cording to the non-profit organization Archi-
tecture 2030, “Buildings generate nearly 40%
of annual global CO2 emissions. Of those
total emissions, building operations are re-
sponsible for 28% annually, while building
materials and construction (typically referred
to as embodied carbon) are responsible for
an additional 11% annually.”25 Architecture
2030 issued the “2030 Challenge,” which was
adopted by the American Institute of Archi-
tects in 2006 and forms the basis of the AIA’s
2030 Commitment.”26 The “right-sizing” of
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ICT infrastructure of components, and the
contributions of ICT to sustainable buildings,
contribute to the sustainability of the world’s
building stock. [SH39][JB40]ICT Carbon miti-
gation falls into two broad categories in build-
ings: building systems and network infras-
tructure. These aspects are being advised by
a variety of important standards, such as the
following:

• Intelligent buildings ICT design and
implementation27

• Sustainable information communications
technology28

• Smart building systems29

• Building automation: unified automation
for buildings30

• Power over ethernet (PoE) lighting
systems31

Conclusions

The world has been transformed by ICT,
and the future holds an ever-increasing ex-
pansion of this technology into every aspect of
our lives. Every email and textwe send,movie
we watch, status we check, call we make,
document we produce, and photo we post
on social media is a type of data that is cre-
ated, transported, stored, and distributed by
myriad devices that use electricity. Until the
world has shifted to renewable energy gener-
ation, all these activities contribute to human-
ity’s collective carbon footprint. The global
relationships between relevant issues, their
industries, and their societal goals—and the
standards developed to organize and provide
guidance through these issues—are atwork in
this arena. There are positive impacts of ICT
standardization toward sustainable goals, but
there ismuchmorework to be done. The stan-
dards development community understands
this responsibility and is working to meet this
existential challenge.
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