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SUMMARY

Businesses play a critical role in the fight against climate change. While some businesses—both high-profile
and less well-known—are making significant strides, most companies are not sufficiently decarbonizing their
operations or contributing toward the broader social and economic changes needed to meet climate goals. In
response to scrutiny over “greenwashing”, many businesses are becoming cautious about communicating
sustainability efforts, a phenomenon known as “greenhushing”. This article aims to mainstream business
climate action by introducing a new framework that outlines the roles businesses can adopt in addressing
climate change. Based on an interdisciplinary literature review and empirical research from the UK, we iden-
tify five roles for businesses. While much focus has been on businesses as energy consumers and enablers of
low-carbon products, we highlight three additional roles: influencer, citizen, and investor. This framework
serves as a heuristic tool for researchers, policymakers, and business leaders seeking to promote climate

action.

INTRODUCTION

Businesses are at the center of the climate crisis. Through their
activities they generate the majority of global greenhouse gas
(GHG)" emissions; yet their resources, innovation capacity and
market reach mean they also hold unique leverage to drive de-
carbonization. Redirecting this influence toward net-zero path-
ways is one of the most urgent challenges of our time. They
contribute approximately 70% of GHG emissions and could
play a critical role in developing zero-carbon technologies and
solutions which help accelerate sustainability transitions. Acting
in partnership, businesses can play an even greater role in the
governance of climate change. Coalitions such as the UN Global
Compact and we mean business have galvanized the voice of
business, calling for greater ambition from governments and
the international community. However, a large proportion of
the business community are not doing enough to decarbonize
their own operations or contribute toward the wider social and
economic change required to meet internationally agreed
climate goals, notably the Paris agreement’s target of limiting
global warming to well below 2°C and pursuing efforts to limit
it to 1.5°C above pre-industrial levels.?

Barriers to climate action are well documented, with scholars
identifying the voluntary nature of climate commitments and
inadequate governance structures—as well as lack of knowl-
edge among business leaders and limited access to finance—
as among the most significant.>> However, it is also well estab-
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lished that corporations themselves can act as powerful barriers
to climate action. Far from being a matter of ignorance, many
firms—particularly in carbon-intensive sectors—have historical-
ly sought to delay, weaken, or shape climate policy and public
understanding through lobbying, public relations, and the manu-
facture of doubt.®” There has also been increased scrutiny of
corporate sustainability efforts, including the use of questionable
carbon credits and offsetting claims,®° as regulators, civil soci-
ety, and consumer groups are becoming active in exposing
so-called “greenwashing”.'® In response, some businesses—
even those considered leaders—are becoming more reticent
about communicating their efforts (“greenhushing”), and others
are even scaling back their climate activities.'' Greenhushing re-
fers to the deliberate under-communication or withholding of in-
formation about a company’s sustainability initiatives, often to
avoid public scrutiny, criticism, or accusations of greenwashing;
unlike greenwashing, which exaggerates environmental claims,
greenhushing can result in positive climate actions going unno-
ticed and may hinder transparency, industry learning, and wider
progress on climate goals.'?

Nonetheless, an increasing number businesses are quanti-
fying their own emissions and setting reduction targets.'®
Climate action is beginning to emerge as a mainstream business
activity not just for large corporations and consumer brands, as
many small- and medium-sized enterprises (SMEs are becoming
more proactive).'* This trend is of vital significance, considering
that SMEs represent around 90% of the business population
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across OECD countries, and produce roughly 50% of emissions
from the business sector.'® There is an imperative to support
these mainstreaming processes by providing clear, evidenced-
based information to help all businesses to prioritize effective ac-
tions and capitalize on their unique capabilities. This article
therefore addresses the question “what can businesses do to
make a positive contribution to climate action?”.

While this article focuses on the constructive potential for busi-
ness climate action, it is critical to acknowledge the extensive
literature and evidence on businesses obstructing or delaying
progress toward climate goals. Numerous studies have docu-
mented how some firms —especially those with vested interests
in high-carbon sectors—exert influence on policymaking, volun-
tary governance schemes (such as SBTI and GHG protocol), and
public discourse, with the deliberate aim of weakening or post-
poning climate regulation.®'®'® These efforts include direct
lobbying, strategic funding, and dissemination of doubt, repre-
senting significant barriers to effective climate action. A full
assessment of the role of business in contributing to and ad-
dressing climate change is beyond the scope of this article,
which is deliberately focused on the question of what business
can do to take positive action in response to ongoing chal-
lenges—particularly given phenomena such as greenhushing,
and the need among many businesses (especially SMEs) for
practical guidance on making meaningful contributions. Since
the research literature on business and the climate crisis is inher-
ently interdisciplinary, spanning business studies, organizational
psychology, economics, geography, sociology and more, it is
difficult to navigate for researchers, let alone policymakers and
business leaders. If climate action is to become mainstream,
there is a need for a synthesis of this growing body of research,
and for frameworks which resonate with an audience beyond the
academic community. We respond to this challenge by devel-
oping a new framework for understanding the multiple roles
that businesses can play in addressing the climate crisis. In
this article, we make two primary contributions: first, a concep-
tual framework that synthesizes interdisciplinary theory on busi-
ness roles in climate action; second, empirical analysis based on
sectoral case studies, stakeholder interviews, and workshops.
Taken together the framework deepens our understanding of
businesses as potential climate actors, underlines roles that
are often overlooked, and supports novel ways of framing policy
challenges.

In the next section we discuss the methodology and process
behind developing the framework over the course of a two-
year research project. We then introduce the five roles, outlining
key activities and sub-roles, and the barriers and opportunities
which influence their adoption by business. Finally, we discuss
the implications for business and policymakers, arguing that
businesses must adopt a wider range of roles if climate action
is to become mainstream and that policy is needed to create
the drivers and incentives for doing so.

DEVELOPING THE MULTIPLE ROLES FRAMEWORK
This article is the result of a two-year research study on the

governance of net zero for business (GoZero). The project
compared governance approaches internationally and within
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the UK, and selected five sectors to conduct in-depth empirical
research: restaurants, construction trades, hairdressers, steel
value-chain, and horticulture. These sectors were selected in a
deliberative process which involved examining secondary data
on their market size, emissions, as well as seeking coverage of
a diverse challenges and opportunities with respect to climate
action. For instance, while the steel sector is known to be en-
ergy-intensive, less known is that energy also represents a sig-
nificant proportion of operational expenditure for restaurants
and hairdressers, while some horticulture businesses are heavy
consumers of natural gas (e.g., indoor tomato growers). Con-
struction trades are vital providers of low-carbon technologies
and building retrofit, while hairdressers are known for having
conversations with clients, which can include discussions about
climate change and sustainability.

The project involved a comprehensive policy review, along
with interviews with 83 governance stakeholders and 70 busi-
nesses. Interview participants were recruited via purposive and
showball sampling, targeting individuals with sectoral expertize,
organizational responsibility, or direct decision-making authority
regarding climate responses. Sampling focused on the five sec-
tors, although interviews were also conducted with national and
sub-national governance stakeholders. Ethical approval for
all activities was obtained from the University of Oxford’s
Central University Research Ethics Committee (CUREC), code
SOGE1A2021-242. Informed consent, encompassing with-
drawal rights, was obtained prior to participation. Due to the
risk of reidentification, raw data are not in the public domain.

This mixed-methods design, involving sectoral analysis,
stakeholder interviews, and policy review, enabled methodolog-
ical triangulation—enhancing the robustness and validity of our
findings through integration of multiple data sources. Nonethe-
less, interview-based research is susceptible to limitations
including restricted generalizability due to sectoral and
geographical specificity, as well as selection, interpretive, and
recall biases inherent in qualitative research. As such, this article
synthesizes empirical findings with a comprehensive literature
review to construct a novel analytical framework of business
roles in climate action.

The development of our theoretical framework followed an ab-
ductive approach, which is an iterative process of moving be-
tween empirical observations and theoretical concepts to
generate new insights.’® The framework is influenced by recent
work exploring the multiple roles that individuals can adopt for
climate action,”>?" and which is gaining influence in climate
discourse and policy.?” Indeed, we used Nielsen et al.’s frame-
work (see Figure 1) as a prompt in interviews to explore how
climate policy and governance could better respond to busi-
nesses’ multiple capacities.

During GoZero, the several versions of the framework were
developed and tested through stakeholder interviews, and in
two deliberative workshops with researchers and business
advisors in 2023, and in an industrial decarbonization panel at
an international conference in 2024 (reference omitted). This
abductive methodology was informed by the iterative applica-
tion of theory to emerging empirical findings, as well as an
ongoing review of academic and policy literature throughout
the project.
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Figure 1. Five roles for high socio-economic status individuals,
adapted from Nielsen et al.°

Following the two workshops, the author team set out to
conduct a systematic review of the literature to identify evidence
on the multiple roles of business in climate action. However, it
quickly became apparent that a traditional systematic review
was not well suited to the topic. While systematic reviews can
be expanded to include searches of gray literature using plat-
forms, such as BASE and OpenGrey, our preliminary scoping re-
vealed significant challenges. The diversity and inconsistency in
how business roles are described across sectors, regions, and
document types meant that developing a comprehensive set
of search terms was impractical, and that even advanced gray
literature tools would not reliably capture the breadth of relevant
evidence. Much of the most pertinent insight is embedded in
practitioner reports, policy documents, and industry publica-
tions that are poorly indexed or dispersed across isolated
sources.

After consultation with bibliographic specialists, we
concluded that any attempt at a fully systematic review, even
with an expanded and inclusive search strategy, would risk
missing key pro-climate business activities not readily identifi-
able using simple search terms—especially those relevant to
SMEs. On the other hand, an iterative, abductive approach al-
lowed the authors to explore evidence relating to particular roles
using wide range of search terms and snowball sampling. We
used major interdisciplinary databases including Scopus, Web
of Science, Google Scholar to find relevant sources, supple-
mented by targeted Google searches for gray literature. Search
terms combined combinations of “business climate action”,
“roles”, “decarbonization”, and Perplexity.ai, an Al-powered
search platform, was employed to identify sector-specific case
studies, the accounts of which were then analyzed. Despite ef-
forts for comprehensive coverage, the review inevitably priori-
tizes English-language scholarship and sources accessible via
international databases, thereby presenting limitations of lan-
guage bias and the risk of underrepresentation of regionally pub-
lished or non-English research.
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Figure 2. Multiple roles of business for climate action

The result is a structured narrative review which incorporates
evidence from diverse academic, policy, and business sources,
and integrates empirical findings and insights generated
through GoZero. Figure 2 synthesizes insights from iterative
empirical research and expert workshops conducted during
GoZero, and visually presents the conceptual framework devel-
oped to illustrate the five diverse roles businesses can adopt
for climate action. As with related frameworks such as Nielsen
et al.,”° the framework is deliberately simple and conceptually
accessible, intended to encourage broad engagement. Howev-
er, beneath this simple visual lie a variety of subroles and
detailed activities, which we elaborate upon in the following
section.

FIVE ROLES FOR BUSINESS CLIMATE ACTION

This section highlights trends, opportunities, and challenges fac-
ing businesses in adopting each role and sub-role, drawing on
literature and empirical insights from GoZero.

Consumer

The single most important way that most businesses can
contribute positively to climate change mitigation is by reducing
their direct GHG emissions from owned and controlled sour-
ces—for example by cutting fossil fuel use, investing in renew-
able generation, electrifying vehicle fleets and heating systems,
and improving operational efficiency. In the EU, businesses
consume around three-quarters of net domestic energy use,””
and while consumption is roughly proportional to business
size, the collective use of energy by SMEs amounts to roughly
half of emissions from the business sector.'®

Measurement

Reducing the environmental impacts from consumption begins
with measurement. The adage “you can’t manage what you
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don’t measure” underpins corporate environmental manage-
ment,?* and yet only 11% of businesses in the UK measure their
carbon footprint each year.*

Corporate GHG accounting is internationally standardized into
scopes 1, 2, and 3,° and many platforms exist to promote trans-
parent reporting and target setting.?” While there is a plethora of
tools and calculators available to help businesses calculate their
impacts, uptake is limited, particularly among SMEs.?® Organi-
zations such as the science based targets initiative and the
SME Climate Hub have developed streamlined processes to
adapt the relatively technical GHG protocol for use by smaller or-
ganizations, with minimal requirements such as optional scope 3
reporting. Yet there is criticism of the universal GHG protocol in
academic literature, which is said to inadequately account for
influenced-emissions and limit comparability.?*° PepsiCo esti-
mates that 92% of its emissions come from its value chain
(scope 3), and most of its suppliers have no climate targets.
The vast majority of impacts from many cosmetic products
such as shampoo come from consumer use (hot water for show-
ering).®' Some scholars argue that a system more closely aligned
with financial accounting would enable more widespread envi-
ronmental reporting®’; while some lobby groups representing
the financial sector are calling for using open banking protocols
to automate emissions reporting for SMEs.**

In GoZero, businesses and industry stakeholders highlighted
the challenges around data collection in many sectors, espe-
cially among businesses without advanced metering infrastruc-
ture. Restaurants’ largest share of emissions is derived from
food (scope 3), for instance. Gathering data on quantities of in-
gredients used is challenging for many businesses, let alone
finding appropriate and robust emissions-factors. Tellingly, in
its framework for assessing sustainability, the sustainable
restaurant association does not require applicants to quantify
emissions.

Efficiency and behavior change

Optimizing the efficient use of energy and other resources is
widely recognized to be the first priority for businesses seeking
to reduce their environmental impacts, as these actions can
also deliver cost-savings and productivity improvements.**
Extensive research on energy use in non-domestic buildings
finds unrealized potential for measures such as fabric insulation,
improved glazing, LED lighting, and behavioral measures,
amounting to 10%-35% savings for a typical business pre-
mises.**” Analysis of 280 audits in Europe found 37% of all
recommended energy saving actions involves zero-capital in-
vestment.*® Similar efficiency opportunities exist for process en-
ergy efficiency in manufacturing®® and vehicle fleets.%“°

Energy-intensive businesses (those with high energy-spend
relative to revenue) are more likely to maximize efficiency.*’
However, businesses often face barriers to implement efficiency
measures, especially SMEs. GoZero interviews with stake-
holders in the horticulture and steel sectors in the UK highlighted
how SMEs such as (indoor) tomato growers and steel fabricators
were highly exposed to the energy price crisis of 2021-2023, but
were far less resilient than larger businesses in their ability to
absorb, adapt, and bounce back.

As such, the so-called efficiency gap continues to persist.>* A
substantial literature reports various barriers, ranging from ac-
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cess to finance, lack of awareness, short-term tenancy agree-
ments and competing priorities.*%*>*® Energy service company
(ESCo) business models have gained traction with larger, energy
intensive businesses,***® but efforts to engage SMEs have been
limited.“>*” Incentive policies have been implemented—largely
in wealthier countries—to address the efficiency gap. Grants,
loans, and subsidized audits are most commonly used,**’ but
other innovative examples include learning networks (see influ-
encer role), and the Industrial Assessment Center scheme, which
matches engineering graduate students with SMEs in the US,
and has delivered over 20,000 building audits.*®

Sustainable sourcing

Beyond efficiency, as businesses seek to eradicate emissions
from their operations, sourcing of renewable energy becomes
a priority. In the US, 72% of large businesses in 2016 reported
buying renewable energy,*® and its voluntary green power mar-
ket has seen strong growth, representing 6% of retail electricity
sales in 2022.°° In the UK, while more than 30% of households
purchase electricity on renewable tariffs,”" only 16% of small
businesses do the same.®® However, 7% of UK businesses
can be considered “prosumers”, having installed on-site renew-
able energy technologies such as rooftop solar, which is higher
than the proportion of “prosumer” households (5%).°®> Busi-
nesses are increasingly responding to fluctuating power prices
from intermittent renewable supply, although SMEs lag behind
larger industrial users.®*

Barriers such as access to capital, short-term tenancy, and
physical constraints limit the deployment of onsite renewables
for many businesses.”>>’ However, growing willingness to
invest coupled with falling costs of photovoltaics and battery-
storage systems are helping to drive uptake.®® A wider variety
of shared ownership models also help overcome barriers to
renewable deployment among businesses, especially when
up-front cost is the foremost obstacle.”®*° Reduced battery
costs also make solar-storage coupled systems more afford-
able, but a relatively limited range of electricity tariffs continues
to hamper widespread engagement with demand response.®'°?

For heating and transportation, fossil fuels continue to domi-
nate business energy use, making electrification a priority for
businesses. A prime example is heat pump (HP) technology,
which uses electricity to provide heating and cooling, and
when powered by renewable electricity, offers a highly efficient
and low-carbon alternative to conventional fossil-fuel-based
boilers and heaters. HPs are being deployed not only for space
heating and hot water, but also in many industries using process
heat such as food and beverage, materials production, and agri-
culture.®*5° Electrification of business vehicle fleets is under-
way, although progress with larger vehicles remains slow: elec-
tric truck sales represented less than 0.1% of total sales in the
US in 2023.%° China is by far the market leader, with sales reach-
ing 38,200 in 2023 (2.8%).

Rapid cost reductions also help accelerate vehicle electrifi-
cation, and innovations in battery technology and design stim-
ulate a wider range of commercial vehicle offerings.®® Howev-
er, high up-front costs, inadequate charging infrastructure,
and the need to alter operations or even business models
are cited as key barriers preventing the widespread electrifi-
cation of business fleets.®” Barriers to HP adoption are more



iScience

¢? CellPress

OPEN ACCESS

Table 1. Consumer and sub-roles

Main role Sub-roles and activities Example activities

i measurement and disclosure calculating annual carbon footprint; reporting; target setting
‘ Efficiency improving process and operational efficiency;

oo fleet optimization; use of heat pumps

Consumer

pro-environmental behavior
prosumer and demand-responder
sustainable procurement

energy management; employee engagement
on-site renewable generation; demand response

PPAs; green electricity tariffs; supply-chain monitoring;
sourcing sustainable materials

intransigent. Learning rates are lower than for other low-car-
bon technologies,®® up-front costs are high, and installation
often requires bespoke design, limiting scalability.®® Nonethe-
less, several countries have achieved significant penetration
of HPs in both residential and non-residential buildings, indi-
cating that policy enablers can achieve success. One factor
that hampers the uptake of both EVs and HPs is the relative
price of electricity and fossil fuels. In Sweden and the
Netherlands the electricity-to-gas price ratio is less than 1.5,
whereas in the UK and Belgium it has reached more than
5.° This is also true for petrol and diesel in some markets,””
and there is an urgent need to remove fossil fuel subsidies
in places such as Malaysia and Thailand, which impede busi-
ness fleet electrification.

Lastly, businesses operating in supply chains can decrease
their impact as consumers by sourcing and utilizing more
sustainable resources. This includes the procurement of mate-
rials for processing, from raw mineral extraction through to
manufacturing and distribution. Challenges related to supply-
chain transparency have been well documented in the litera-
ture,”>”® but digitalization and the wider availability of data
enable companies to make sustainability-informed procurement
decisions.”* Table 1 summarizes the key sub-roles, activities and
examples associated with the consumer role.

Enabler

Businesses are the principal actors for developing, innovating,
and diffusing the environmental goods and services which un-
derpin sustainability transitions. As providers, innovators
and choice architects, they can enable householders, other
businesses and even governments to make low-carbon
choices.

Innovation

While there is no doubt that the green economy is growing in
almost every market,”” there are inherent difficulties in quanti-
fying sustainable economic activity. The OECD’s’® framework
includes production, consumption, and natural asset metrics,
while the EU’s EGSS accounts for market and non-market out-
puts.”” The OECD distinguishes between eco-innovators, which
develop new or improved products, services and processes
which reduce environmental impact with or without intent; and
eco-entrepreneurs, which tend to incorporate sustainability
into the core goals of their entrepreneurship.”®’® Conventional
examples include manufacturers of renewable energy technolo-
gies, energy efficient appliances, and electric vehicles, but as
eco-innovation has proliferated there are myriad examples of

8981 and carbon

green start-ups developing plastic alternatives
capture and utilization.®?

While there is a long history of popular literature discussing the
characteristics of successful entrepreneurs,®*®* a more recent
trend has been to investigate the necessary conditions for
thriving innovation ecosystems.®>*® One review identifies key
roles, such as “ecosystem leader”, “assembler”’, and “cham-
pion” that are necessary to foster entrepreneurial innovation,
and which can be played by different actors depending on
context.?” In GoZero, we observed how many regions had iden-
tified growth in the green economy as an opportunity to build
public-private partnerships, highlighting local strengths to pitch
for government and business investment. City-regions around
the world now compete with each other to attract eco-entrepre-
neurs and are indexed and ranked.®®%°
Circularity and sharing
Circular business models (CBM) are increasingly promoted,
through adoption remains uneven. The circular economy
concept focuses on preserving natural resources, maximizing
resource outputs, and eliminating negative externalities, such
as emissions and pollution.’*°" Most definitions highlight the
extension of product lifespan as a main component of CBMs,
but circularity can also involve substituting products for services
(servitization),®” such as media streaming, or mobility-as-a-ser-
vice.?® Having attracted significant conceptual attention, there
is a shift in the literature toward empirical studies of the imple-
mentation of various CBMs.**

Similarly seeking to reduce waste and over-consumption,
businesses are also leading the expansion of the sharing econ-
omy. Made possible by the proliferation of internet connected
devices and peer-to-peer infrastructures such as blockchain,
the sharing economy has transformative potential.”>°° Car
sharing is a typical example: since cars are idle 95% of the
time, a sharing solution would significantly reduce the number
of cars required.”” Sharing business models can also lead to
the use of more durable materials and active recycling®® as
well as offer cheaper access to services that help disadvantaged
populations.®®%°

Entrepreneurs in the circular and sharing economy face unique
structural barriers, in seeking to overcome extractivism and the
entrenched system of production and waste disposal.'®'~'%° Re-
pairing, sharing and repurposing items also requires changes to
habits, behaviors and social norms.'°*'%> To unleash the poten-
tial for circular and sharing business models, structural change is
needed, led by local and national governments in collaboration
with business, social enterprises, and civil society. While
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Table 2. Enabler and sub-roles

Main role Sub-roles and activities

Example activities

eco-innovator and eco-entrepreneur

Provider
v

circular and sharing economy
business models

Enabler

choice architect

developing new zero-carbon technologies and solutions,
e.g., renewable energy, appliances, plastic-alternatives, CCUS

designing, maintaining and repairing infrastructures
including buildings and vehicles

design-for-repair; reuse; servitization; shared-
ownership; peer-to-peer trading

setting low-carbon defaults; menu design; highlight eco-options

innovations such as digital tools and even artificial intelligence
can help, ' more substantive interventions include infrastruc-
ture investment, aggressive landfill taxes, and regulation of prod-
uct design and single-use products.'%'97:1%8 |nterviews with
companies in the steel industry highlighted myriad structural bar-
riers to CBMs, from the technical difficulties of producing and re-
cycling steel using low-carbon processes, to the extensive
testing requirements associated with reusing steel in some con-
texts (e.g., construction), and perceived cultural resistance
within the sector to innovation.

Middle actors and choice architects

While eco-innovators and eco-entrepreneurs attract most atten-
tion, there is a vast swathe of crucial “middle actors”, which
distribute, install, maintain, and repair low carbon products
and infrastructures.'® These include architects, building trades,
mechanics, heating engineers, electricians, and plumbers: many
of which fall outside conventional accounts of the green econ-
omy, but play a critical role in enabling the decarbonization of
buildings and transportation systems.”'®'"" However, not all
middle actors enable decarbonization; incumbent actors in sec-
tors, such as utilities, construction, and aviation have sometimes
resisted change or actively undermined policy and technological
innovation due to vested interests or cultural inertia.'""?

More peripheral in the green economy literature are busi-
nesses which have unique opportunities to influence the con-
sumption choices of customers. The good news is that a wide
range of businesses can act as climate choice architects,
through their engagements with customers, clients, and peers.
“Nudge” interventions lend themselves to experimentation and
incremental deployment, especially in online settings. This in-
cludes restaurants, grocers, and other retailers, which can adopt
the role of “choice architects” in guiding customers to make
lower-carbon choices.''* These interventions have been shown
to be effective in food service settings,''*'"'® and include adjust-
ing menu design,""” carbon labeling,"'® providing and encour-
aging the use of “doggy bags”,''® and implementing meat-free
default options.’?®'?" In the grocery sector, the last decade
has seen substantial growth in the number of retail outlets offer-
ing reuse and refill solutions, although concentrated in Europe
and North America.'??

Large corporations have significant potential to influence con-
sumer choice with relatively simple tweaks to choice architec-
ture. In 2021, Google introduced a fuel-efficient routing feature
into its Maps application, using a leaf icon to identify the greenest
option. Google claims this reduced emissions by 1.2 MTCO2e in
its first year.'?® However, Maps also suggests to users that flying
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is a faster option than other modes, failing to account for the addi-
tional time taken for travel to airports, passport control, and secu-
rity checks.'?* Similarly, in the 2010s, Amazon introduced a “no
rush shipping” option, rewarding customers with credit for se-
lecting slower deliveries. This was removed in 2020, however,
following investments which allowed the corporation to increase
delivery capacity.'?® While Amazon claims its deliveries are more
environmentally friendly than customers driving to stores,'?°
there are clear opportunities for further efficiencies to reduce its
large carbon footprint. These examples highlight the potential
impact of nudges, which remain under-utilized. The imperative
to innovate in this way is especially necessary given large recent
increases in emissions from major technology firms, such as
Google'?” and Amazon,'?® largely driven by the energy demands
of expanding artificial intelligence capabilities.

The conditions which enable middle actors to fulfill their poten-
tial to be climate leaders are better developed in some countries
than others. In Germany, there are established governance pro-
moting the success of the so-called Mittelstand (medium-sized
businesses), alongside recognition of their vital role in the energy
transition.'® Here, building-related trades are well-regulated
and valued for their unique skills.”*® By contrast, evidence
from GoZero found that construction and related trades in the
UK are inhibited by an aging and largely male workforce, which
lacks the skills required for designing and installing energy effi-
ciency and renewable energy solutions.'®'~"** Worse, some in-
cumbents such as gas-heating engineers and car mechanics
have a vested interest in downplaying the benefits of alternative
technologies such as heat pumps and electric vehicles.'” Such
micro-politics can have large-scale ramifications. Recently, the
UK government reversed plans to fine boiler manufacturers if
they failed to meet minimum quotas for installing heat pumps,
in response to emerging evidence that such businesses intended
to pass the cost of fines on to consumers.'** Providing training
opportunities for incumbents, boosting diversity, and raising
standards for qualifications and accreditations can help to
realize the potential of middle actors. Closing the green skills
gap is becoming a higher priority across major economies.'*®
Table 2 summarizes the four sub-roles discussed here.

Influencer

Businesses are socially and culturally embedded actors that
create, consolidate, and sometimes disrupt norms. Their influ-
ence extends into every part of social, political, and economic
life, with the ability to effect consumption norms, policy deci-
sions, trade patterns, and workplace behavior. Here, we employ
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Figure 3. Modes of influence, from the middle out perspective
(based on Parag and Janda, 2014)

the middle-out perspective framework (See in the study by Parag
etal.,'%’ and reproduced in Figure 3), categorizing these forms of
influence as downstream (publics), upstream (policy makers),
sideways (other businesses), and add an internal orientation
(employees). These sub-roles are summarized, with examples,
in Table 3.

Upstream

Acting upstream, businesses can influence governments and in-
ternational bodies directly, for instance by responding to consul-
tations, giving evidence, and lobbying.'*® The business delega-
tion at international climate negotiations has grown substantially
in recent years.'®”"'* While this has attracted criticism by com-
mentators observing the increasing representation of fossil fuel
interests,**'“° conversely, UNFCCC conferences have also
provided a platform for business leaders to form ambitious coa-
litions. The We Mean Business coalition was founded at COP21,
representing progressive business voices and exerting pressure
on governments and international bodies to strive for more ambi-
tious climate goals. In advance of COP26, the SME Climate Hub
and UN Race to Zero initiative actively encouraged businesses
to make net-zero pledges. InfluenceMap is an initiative which an-
alyses how companies exert their influence on the climate crisis,
both in support and against policy action.’*’

While corporations and business lobbyists have convention-
ally sought to minimize the regulatory burden associated with
climate action,'*? this may be beginning to change. Our inter-
views with business representative organizations (BROs) in the
UK revealed a growing recognition of the need for more climate
regulation. Instead of opposing proposals for environmental ob-
ligations, they increasingly lobby for policies which provide in-
vestment certainty; and create a level-playing field which reflects
the different capabilities of businesses. However, we also
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observed a tendency among BROs toward conservative ap-
proaches on climate action, as they must accommodate view-
points from a wide range of smaller businesses. Too often the
default position is to lobby for blanket exemptions for SMEs to
environmental regulation, which serves to delay decarbonization
progress.
Sideways
Businesses hold significant sideways influence too. Businesses
interact in myriad ways through supply chains, local networks,
online communities, and by utilizing professional services. There
is little evidence on which sources of support are most valued by
businesses for advice on emissions reduction, but a consistent
finding from European SMEs surveys is that accountants and
other business leaders are most trusted.'**'** Qutside the EU
evidence is limited, but one study investigating environmental
business support in South-East Asia found that SMEs were
most likely to seek government sources for advice.'*®

Supply chain engagement on emissions reporting and reduc-
tion is a growing activity, as corporations seek to reduce scope 3
emissions.'“% %" |KEA, for example, developed a protocol and
associated software platform for specifying environmental and
labor standards for suppliers.’“® Learning energy efficiency net-
works (LEEN) exemplify how sideways business influence can
contribute to reduced emissions. Regional energy agencies
and municipalities in Germany and Sweden recruit busi-
nesses—typically manufacturers—into cohorts to share knowl-
edge on energy efficiency and carbon-saving initiatives, sup-
ported with subsidies and expert advice.'®'*° While their
success for emissions reduction is well documented, networks
struggle for financial sustainability based on membership fees
alone, and most successful examples are those supported by
public funds through energy agencies, universities, or local
authorities."""152

Business-to-business (B2B) services for carbon reduction are
becoming more widespread. Whereas the market for providing
sustainability consultancy to large corporations is well-estab-
lished,'®*"°* few consultancies have sought to target SME cli-
ents, given their lower capacity for expenditure on sustainability
services, and the availability of public subsidies for energy audits
or decarbonization advice.®>”'*® In GoZero, we charted the
emergence of a new market niche, where consultancies increas-
ingly target SMEs with subscription models featuring online cal-
culators and emissions-savings advice. What has long been
considered a market failure may thus be beginning to function.
This has implications for policymakers, who must avoid using
public funds to crowd out private offerings, but instead seek to
reach SMEs not served by these consultancy services.
Downstream
Influence on customers and other publics occur in various ways.
As businesses respond to consumer demand for sustainable
products and services, they are increasingly using advertising
and marketing to promote their environmental credentials.
“Green marketing” can help promote environmentally friendly
products, and consumers are more loyal to businesses
perceived to be sustainable.’®® However, consumers’ ability to
distinguish the validity and accuracy of environmental claims is
limited,'®” and a “green gap” exists between consumers’ stated
environmental intentions and their behavior.'*® Greenwashing is
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attracting greater scrutiny from consumer groups and even reg-
ulators,"®° and the notion of Greenhushing is being observed as
some businesses are becoming reluctant to communicate their
sustainability endeavors."”

Businesses also play a key role in addressing the problem of
“pluralistic ignorance”, whereby people underestimate others’
climate concern and their willingness to take action.’®® They
can do this by using their interactions with clients, customers,
and communities to help promote climate change in public
discourse. Hairdressers, for instance, are renowned for
conversing with their clients. In GoZero, interviews with sustain-
able salons, mainly Green Salon Collective members, revealed
how hairdressers were incorporating climate change and sus-
tainability into their client conversations. These conversations
can be prompted in several ways, from current events to salon
actions and clients’ interests, with hairdressers having the skills
to adapt their approach depending on the type of client. The trust
and relationships they have with clients, as well as how salons
act as a social space, play a key role in how they navigate these
conversations and can influence clients. “Mirror Talkers” used
QR codes stuck on hair salon mirrors to stimulate discussions
about sustainable hair care.’®" Similarly, cafes and coffee shops
in Canada, Australia, and the UK volunteer host gatherings for
climate conversations,'®? while the Sustainable Restaurant As-
sociation encourages its members to engage customers as
part of their accreditation process. In 2022, staff in a Burger
King outlet in Vienna, Austria experimented by asking customers
“normal, or with meat?” in an effort to raise awareness of the im-
pacts from meat and stimulate climate conversations.'®®
Internal
Businesses have significant influence over their own employees.
The use of green champions and green teams within organiza-
tions has a long history, largely focused on identifying opportu-
nities for energy savings and other efficiency improve-
ments. %4155 A more recent trend is to provide environmental
training for staff. The carbon literacy project has trained over
56,000 people in the UK, while the Climate School in France pro-
vides nearly 200 modules specifically for corporate employees.
New service providers, such as JouleBug and Pawprint are help-
ing corporates to engage staff on climate, providing behavioral
nudges and gamifying sustainability, often alongside incentives
for making low carbon choices, such as switching to active travel
(e.g., Climate Perks). In GoZero, the values and motivations of

Table 3. Influencer and sub-roles

Sub-roles
Main role and activities Example activities
upstream lobbying; providing
evidence to policymakers
sideways networking; peer-to-peer
learning; B2B services
downstream dialogue; community
Influencer
engagement
internal green teams and

champions; training;
gamification; incentives
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hair salon owner/managers underpinned efforts to implement
sustainability initiatives among staff, though this was not always
successful. Workplace behavior change can also inspire green
choices outside the workplace. However, there remains rela-
tively little evidence on work-to-home behavioral spillover.'®®

All employing businesses can engage their staff on climate
change, and face relatively few barriers to doing so. Employees
and jobseekers are increasingly demanding that businesses are
proactive on climate.'®”"'%® Younger people especially are
seeking climate leadership from employers.

Citizen
There is both an expectation and demand that companies as-
sume responsibility for how they impact the communities they
operate in."®®""" A vast literature concerns organizational citi-
zenship for the environment, which can be defined as “individual
and discretionary social behaviors that are not explicitly recog-
nized by the formal reward system and that contribute to a
more effective environmental management by organizations”."”?
Compliance and disclosure
Complying with environmental laws, regulations, and voluntary
agreements is a basic requirement for corporate climate citizen-
ship. The World Business Council for Sustainable Development
(WBCSD), which tracks environmental regulations around the
world, has identified a 7-fold increase in environmental regula-
tions since the turn of the century. While evidence on the costs
and benefits of compliance is mixed, much of the literature em-
phasizes boosts to productivity and environmental outcomes,
supporting the “porter hypothesis”.'”*'"* Similarly, several
studies document a positive relationship between disclosure
and financial impact.'”®"'"® Open reporting can provide stake-
holders with essential data that help inform their decisions about
interactions with the business, and increase businesses’ legiti-
macy and access to labor and financial capital.’””'"® Accredita-
tion standards such as B-Corp, ISO 14000, or Carbon Trust
Certified can further reinforce businesses’ motivation.'”®
Where regulations do not require strict compliance, it can be
difficult for businesses and their stakeholders to define and
agree the extent of these responsibilities. As discussed previ-
ously, the GHG protocol has its critics, and there are moves to
increase pressure on businesses to calculate and disclose their
“influenced emissions”. Advertised emissions, which claims that
advertising is responsible for over 200 Mt of carbon emissions in
the UK alone (2021), is an initiative seeking to influence the
advertising industry to take responsibility for their impacts on
the emissions associated with increased consumption.
Community
Businesses’ operations influence both their institutional and
physical surroundings. They can directly influence their commu-
nity by reducing waste, conserving energy, sourcing materials
responsibly, and supporting local environmental initia-
tives.'®%"®" Businesses installing workplace EV chargers can
help promote uptake by staff, for instance, and installing rooftop
solar can drive local uptake via the “solar contagion’” effect.'®?
The growing recognition of the role of businesses and the
importance of community-based climate action has led to
increased availability of grants, subsidies, and other financial
support for businesses willing to engage as local climate
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Table 4. Citizen and sub-roles

Main role Sub-roles Example activities
o8 [o) compliance emissions trading
ﬂ o /b.m disclosure monitoring and reporting
. it leading b! le;
Citizen community ea |ng. y example
member convening

governance actor supporting community

climate action

actors.'®>'® However, these activities do not necessarily
require public money. In GoZero, we identified several forms of
corporate citizenship focused on local capacity building. Area-
based insetting (ABI) is one such example being trialled in Ox-
fordshire. Where corporations have committed to carbon
neutrality, the norm is to use offsets from international carbon
credits. ABI seeks to channel corporate investment into local
carbon-reduction initiatives including those led by SMEs and
non-profits, boosting social capital, and community benefit.
Governance

In the last two decades, academic literature has observed a shift
from government to governance with respect to environmental
issues. > Businesses are increasingly able to contribute toward
governance processes from the local to the supranational,
including promoting climate action, public health, education, so-
cial justice, and human rights outcomes, or engaging in self-
regulation to fill the gaps in legal regulation.'®® Business
influence is not necessarily aligned with climate action, however.
Political resistance from fossil fuel companies in the US con-
tinues to hinder effective climate policy.'®’

In the UK, Project Perseus involves a transformative proposal
to automate emissions reporting for every SME in the UK, ad-
dressing the lack of quality data and effective management of
emissions among smaller businesses. The project leverages
the open banking protocol to identify energy expenditure and
calculate scope 1 and 2 emissions. Led by industry collective
Bankers for Net Zero, this is an example of business-led innova-
tion for climate governance.

Quantifying the benefits of being a good corporate citizen,
such as reduced environmental impact, enhanced community
resilience, or improved social capital, is often not captured in
traditional business models or metrics.'®'8° Especially among
SMEs, skills gaps and/or lack of capacity pertaining to impact
measurement and reporting can also make it more difficult to
navigate policy regulations and community expectations.'®°

The four sub-roles associated with business climate citizen-
ship are summarized in Table 4.

Investor

Addressing climate change will require an increased flow of
climate finance, improved climate finance governance, and a
transformation of global financial systems.®"'° The total global
flow of climate finance in 2020 amounted to USD 640 billion,
which the IPCC warns must increase by 3-6x to meet the Paris
agreement goals.' In comparison, total subsidies for fossil fuels
was USD 7 trillion."®® In the United States, fossil fuel, utility, and
transportation sectors spent over USD 2 billion on climate-
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related lobbying between 2000 and 2016 —vastly outspending
environmental advocates and reflecting a concerted effort to
delay or weaken climate policy.'® Such figures highlight the scale
of financial resources mobilized to obstruct or slow climate ac-
tion, in contrast to the levels of finance needed to achieve global
climate goals. Despite these realities and reflecting this article’s
focus, the following section focuses on the positive investments
businesses can make to accelerate the low-carbon transition
and deliver social and environmental returns.

Direct investment and financing

Investment underpins the multiple roles of business so far dis-
cussed. This involves not only direct investments in green pro-
jects, but also instruments such as green bonds, climate
funds, blended-finance, and sustainability-linked loans that in-
crease firm value, boost social and environmental perfor-
mance, and hedge against climate risks.'®""'9*"9° |t is not
only financial institutions that can act. In 2016 Apple issued
a green bond at USD 1.5 billion to support sustainable pro-
jects across its supply chain.’®® Microsoft has pledged to
become carbon negative by 2030 and to remove all historical
emissions by 2050, building a portfolio of projects across
renewable energy, carbon removal, and innovation funding
worth billions of US dollars."®’

SMEs have conventionally relied on public finance for environ-
mental improvements,®” despite compelling evidence of the
business case for energy efficiency investments.'®® Now, more
private banks and financiers are developing green products tar-
geted at SMEs, alongside advice and guidance for decarboniza-
tion."®® Evidence for SME demand for private finance remains
weak, however, and there is a need for more research on the ap-
peal and efficacy of different financial products.

Finance is crucial for adaptation as well as mitigation. The UN
estimates the costs of adaptation to be $240 b/year this
decade, and the current adaptation finance gap $194-
366 b/year.’°° Businesses play a pivotal role in closing this
gap by investing in projects that build resilience to climate im-
pacts.”?"*°? Importantly, given dangers such as increasing
debt burdens and dependencies, business investments must
be compatible with local ownership, civil society participation,
and transparency.?%3?%

Philanthropy

Philanthropic investments are increasingly being channeled into
climate action. By leveraging their financial resources and
engaging as philanthropists, businesses can deliberately use
their ventures to serve the public good and act as proactive
agents of change.”®>?°” Momentum has surged for nature-
based solutions, which address sustainability challenges while
providing biodiversity and human well-being co-benefits (e.g.,
establishing or preserving urban green spaces, mangroves, or
wetlands).?°%2%° For example, the $10b Bezos Earth Fund in-
vests in renewable energy, sustainable agriculture, and climate
justice. Still, philanthropic activity is spatially uneven. California
hosts many of the largest philanthropic foundations, and benefits
substantially from their investments.?'® The decentralized nature
of climate finance can lead to fragmented approaches that could
undermine the overall efficacy of climate interventions.?'" Com-
plex and often inconsistent regulatory environments create un-
certainty, which can make it difficult for businesses to compare
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Table 5. Investor and sub-roles

Main role Sub-roles and activities Example activities
direct investment in building energy management; building fabric upgrades;
green technologies fleet electrification; renewable generation;
research and development
Financier lending to enable businesses, communities and households
to invest in low-carbon solutions; area-based insetting
Investor

Philanthropist

donating to fill funding gaps; de-risking climate
finance through blended models.

investment opportunities, assess risks accurately, and ensure
that investments are delivering the intended environmental and
social benefits.'®"19°

To unlock the potential of businesses as investors for climate
action, more coordinated efforts are required to encourage in-
vestments in long-term, sustainable initiatives. Aligning invest-
ment strategies with broader climate and sustainability goals—
including integrating financial performance with environmental
and social metrics—can help mitigate risks and enhance the
positive impacts of private sector contributions.

Table 5 summarizes the ways in which business can act as
pro-climate investors.

The preceding sections have outlined both the conceptual
framework and the empirical evidence for each role businesses
can play in climate action. Figure 4 builds on the five-role frame-
work by incorporating the variety of sub-roles discussed in the
previous section, and highlighting policy environment, market
conditions, and business characteristics as important variables
that influence business participation in different forms of climate
action. Additionally, to aid comparison and synthesis, Table 6
summarizes the key barriers and opportunities that influence
the adoption of each role. This overview distils findings from
across different sectors, highlighting actionable insights and
persistent challenges, and serves as a foundation for the discus-
sion that follows.

DISCUSSION AND CONCLUSION

This article has developed a novel framework for understand-
ing the different ways businesses are implicated in climate ac-
tion, drawing on illustrative empirical research from the UK.
Our framework seeks to produce a more expansive discourse
about the role of business in climate action. While direct
emissions reduction remains the most urgent and important
step that businesses of all sizes can take, this article also
highlights how businesses can accelerate climate action in
other ways, such as by enabling and influencing others’ ac-
tions, acting as a climate citizen and investing in climate solu-
tions. This provides a new perspective on businesses as
climate actors, which opens avenues for scholarship as well
as for societal understanding of business roles. This frame-
work helps to overcome unhelpful dialectics about businesses
as climate “villains” or “heroes”, and potentially inspires busi-
nesses to think about the variety of ways they can make a
difference.

To achieve climate goals, there is an urgent need for more
businesses to adopt the roles outlined previously, and for greater
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policy and societal pressure on them to do so. The framework
introduced here is deliberately intended to be universal, such
that no business should be unable to adopt each role. However,
businesses have different capabilities, and a range of factors
enable and constrain their ability to implement pro-environ-
mental behaviors. It is important to acknowledge the different
contexts in which business climate action takes place, and the
key factors (highlighted in the outer circle in Figure 4) that shape
what is possible or desirable for individual businesses. Here, we
analysis the challenges and opportunities relating to these fac-
tors within differing contexts.

Firstly, market conditions vary significantly across sectors
and have an important bearing on the roles that businesses
might perform and how they perform those roles. For
example, consumer-facing sectors have greater opportunities
to directly influence end-user behaviors, as highlighted in the
case of hairdressers above. This is not universally true, how-
ever. While restaurants have direct contact with customers,
our research found that restaurateurs and chefs recognize
the “treat” function of a meal out, which impacts how they
assess what their customers want on menus. This sometimes
leads to a reliance on red meat, which is often perceived to be
something that clients would not cook at home, and thus
desire in restaurants. Innovation with lower-carbon options,
e.g., venison or meat-free dishes requires additional skills
and ingredients which may be more difficult to source, while
also incurring risk.

Business to business sectors (such as steel supply chains) are
less likely to have directimpact on consumer behavior and operate
interdependently with a range of other businesses. Their position
within supply chains might however provide opportunities to
develop partnerships to influence change across supply chains,
especially if working with “Tier 1” suppliers. Similarly, those oper-
ating in integrated supply chains might face challenges to acting as
innovators when specific standards and methods have been
agreed between supply chain actors, or as industry standards. Dy-
namics within supply chains are also important: businesses oper-
ating within more fragmented, cost-competitive supply chains are
likely to find it harder to influence other supply chain businesses
than in more settled, trust-based relationships, or those who
already hold a dominant position within supply chains. Market con-
ditions will also impact access to resources for action. For
instance, capital intensive sectors (like steel businesses) require
greater upfront investment but could also have greater access to
finance and government initiatives, whereas those operating in
low-margin sectors (like hospitality) might find it harder to finance
upfront cost of retrofit or energy efficient equipment.
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Second, differences in policy and regulatory environments
between sectors and places also matters. Policy signals vary
significantly and set the general tone for action. As a high-emis-
sions sector, the steel industry is subject to growing policy and
regulatory focus such as export measures like carbon-border
adjustment mechanisms being introduced in the EU and UK.
This sharpens focus on emissions reductions, which can
spread—via the role of influencer—along supply chains. For
climate investors, stringent regulation and fiscal incentives
might be important, but policy stability is critical to making
long-term decisions. Sectors with less regulatory focus are
more likely to rely on self-governance, where climate leaders
and standards organizations and other NGOs seek to raise
the bar for sustainability practices.

Third, the cultures and characteristics unique to each busi-
ness have a significant bearing on its climate capabilities. For
smaller businesses, owner-managers values, knowledge and
motivation are key determinants of climate action,?'? whereas
for larger businesses, management structures and organiza-
tional cultures are particularly important.”’® More outward fac-
ing “extravert” businesses with broad networks might be well
placed to act as influencers with other businesses and potential
within their local communities. In contrast, “introvert” busi-
nesses might be less well placed to reach lots of other firms
or people, but instead be able to utilize the smaller numbers
of tighter connections with other businesses or local commu-
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Figure 4. The five roles (inner circle) and 18
sub-roles and activities (middle circle) iden-
tified for businesses to take positive climate
action

The outer circle demonstrates key influences on
businesses’ ability to assume the roles.

nity to more deeply influence actions
and behaviors among that group.

Finally, in bringing together our find-
ings we underline three points of signifi-
cance for the study and implementation
of climate action among the business
community.

(1) Adopting a multiple roles framing
deepens understanding of busi-
nesses as important “midstream” ac-
tors,”'* with potential to shape the
choices and actions of a range of
other organizations and individuals.
Explicitly outlining these diverse roles
allows us to identify where these roles
might have most salience, and what
challenges need to be unlocked to
achieve their potential. Similarly,
recent attention to climate intermedi-
aries,”"® including the “middle-out”
perspective'’® have emphasized the
importance of knowledge brokers
and solution providers in climate ac-

tion. Our framework has potential to expand these con-

ceptual approaches through broader consideration of
intermediation in different forms.

By labeling and unpacking different forms of business

climate action we also draw attention to areas which

receive less focus or are perceived as peripheral activities,
such as forms of climate citizenship and influence. The
multiple roles framework helps to mainstream public-
sphere climate action by businesses, moving beyond the
narrow focus of scope 1, 2, and 3 emissions. In doing so,
it can derisk the pursuit of less tangible activities by busi-
ness, providing a framework to highlight the importance
of corporate climate citizenship and resist accusations of
greenwashing. Policymakers may also be encouraged to
facilitate different types of climate action in business.

More effective and widespread action can occur if busi-

nesses both better understand the different ways they

can make a difference, and are incentivized to do so.

Following the aforementioned, adopting a multiple roles

framework in policy can support framings of policy chal-

lenges, and in turn provide focus on where policy might
be best placed to deliver interventions that unlock poten-
tial in different roles. Exploring interventions which best
enable businesses to do so warrant further research and
experimentation. For instance, how could policy action
catalyze the role of customer-focused businesses as
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Table 6. Summary of key barriers and opportunities for businesses adopting multiple roles for climate action

Role Key barriers Key opportunities

A - limited access to sustainable products/services - growing demand for green products/services
I - higher costs associated with sustainable choices - potential for cost savings through efficiency

- lack of awareness or information on sustainable alternatives and reduced waste

Consumer - ability to influence market through responsible

(Y
?

resistance to change within value chains
lack of supportive policy frameworks

resource constraints (e.g., financial, technical expertise)

purchasing decisions and reporting

potential to drive innovation in sustainability solutions
collaborative platforms for sharing best practices
emerging support for sustainable supply chain initiatives

ability to shape public opinion and consumer

behavior through advocacy

leadership in industry sustainability standards

- growing media and digital platforms for business voices

building social capital and community trust
enhanced brand reputation through community-
focused initiatives

access to partnerships with local governments
and NGOs

business internal/ownership structure

opportunities in impact investing and green bonds

- uncertainty around returns from sustainability investments - potential for risk mitigation and long-term savings

Enabler

- limited influence in policy-making and public discourse

- resource constraints for sustainability communication

- lack of platforms for effective engagement with stakeholders
Influencer

o8 [o) - perceived high costs of sustainable community engagement
ﬁ o /\ - challenges in responsibility/measuring impact
,]\l of citizenship activities
Citizen - limited resources for philanthropic or community-
based actions

- limited access to green finance and investment capital

- regulatory and market uncertainty
Investor

growing investor demand for sustainable
business models

climate influencers, or place-based businesses as com-
munity citizens? Or how can policy to support action on
businesses emissions are tailored to also support
engagement with workers?

Despite the strengths of this study, several limitations should be
acknowledged. Empirical data are predominantly derived from
UK-based sectors and stakeholders, which may limit the general-
izability of certain findings and nuances to other geographic and
institutional contexts. While the conceptual framework is intended
to be universal, its transferability to other countries, industries or
regulatory environments warrants further empirical validation.

Future research might examine potential tensions or trade-offs
between roles: for instance, how businesses balance the imper-
atives of decarbonizing their own operations and influencing
others, or choosing where to place climate citizenship efforts
(e.g., locally, nationally). Research may also explore how the pur-
suit of one role may constrain or enhance the potential for
engagement in another. Further work could also explore how
the framework might be operationalized—potentially through
the development of indicators or practical tools —to support pol-
icy design and business strategy in diverse contexts.

In conclusion, this article has sought to open up a broader,
more productive discussion about businesses might act as
climate actors who connect with the world around them in
myriad ways, and how they might use those connections to
mainstream climate action. It seeks to mainstream conversa-
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tions about the potential for business action (and the barriers
that need to be addressed to unlock more action), and business
climate action itself through inspiring more holistic views on the
role of business for bringing about change. We hope this contri-
bution will go some way toward countering a concerning ten-
dency for greenhushing by pointing to a broader range of roles
and actions that businesses can and should adopt, so long as
they are transparent, deliberative, and consultative. However,
the accelerating pace and severity of climate breakdown means
that we cannot afford to wait for businesses to act at their own
pace. Effective policy, regulation, and public pressure are essen-
tial to steer and accelerate the transition, ensuring that corporate
climate action matches the scale and urgency of the crisis.

ACKNOWLEDGMENTS

This research has been enabled by funding from the UK Energy Research
Centre Phase 4 Program (grant ref: EP/S029575/1).

This research involved interviews with human subjects. Informed consent
was obtained from all participants, and ethical approval was granted by Uni-
versity of Oxford’s Central University Research Ethics Committee (CUREC),
code SOGE1A2021-242.

We are not able to share data from the interviews undertaken as part of the
GoZero project due to the risk of reidentification.

DECLARATION OF INTERESTS

The authors declare no competing interests.



iScience

REFERENCES

. Calvin, K., Dasgupta, D., Krinner, G., Mukheriji, A., Thorne, P.W., Trisos,

C., Romero, J., Aldunce, P., Barrett, K., Blanco, G., et al. (2023). IPCC,
2023: Climate Change 2023: Synthesis Report. In Contribution of Work-
ing Groups |, Il and Il to the Sixth Assessment Report of the Intergovern-
mental Panel on Climate Change [Core Writing Team, H. Lee and J. Ro-
mero, eds. (Intergovernmental Panel on Climate Change (IPCC)). https://
doi.org/10.59327/IPCC/AR6-9789291691647.

. WTO. (2022). Small Business and Climate Change (World Trade Organi-

zation).

. OECD. (2021). No net zero without SMEs: Exploring the key issues for

greening SMEs and green entrepreneurship (OECD Publishing).

. Hale, T., Smith, S.M., Black, R., Cullen, K., Fay, B., Lang, J., and Mah-

mood, S. (2022). Assessing the rapidly-emerging landscape of net zero
targets. Climate Policy 22, 18-29. https://doi.org/10.1080/14693062.
2021.2013155.

. Kuramochi, T., Hohne, N., Schaeffer, M., Cantzler, J., Hare, B., Deng, Y.,

Sterl, S., Hagemann, M., Rocha, M., Yanguas-Parra, P.A., et al. (2018).
Ten key short-term sectoral benchmarks to limit warming to 1.5°C.
Climate Policy 18, 287-305. https://doi.org/10.1080/14693062.2017.
1397495.

. Supran, G., and Oreskes, N. (2021). Rhetoric and frame analysis of

ExxonMobil’s climate change communications. One Earth 4, 696-719.
https://doi.org/10.1016/j.oneear.2021.04.014.

. Franta, B. (2022). Weaponizing economics: Big Oil, economic consul-

tants, and climate policy delay. Environ. Polit. 37, 555-575. https://doi.
org/10.1080/09644016.2021.1947636.

. Trencher, G., Nick, S., Carlson, J., and Johnson, M. (2024). Demand for

low-quality offsets by major companies undermines climate integrity of
the voluntary carbon market. Nat. Commun. 15, 6863. https://doi.org/
10.1038/s41467-024-51151-w.

. Stolz, N., and Probst, B.S. (2025). The negligible role of carbon offsetting

in corporate climate strategies. Nat. Commun. 16, 7963. https://doi.org/
10.1038/s41467-025-62970-w.

. de Freitas Netto, S.V., Sobral, M.F.F., Ribeiro, A.R.B., and Soares,

G.R.d.L. (2020). Concepts and forms of greenwashing: a systematic re-
view. Environ. Sci. Eur. 32, 19. hitps://doi.org/10.1186/s12302-020-
0300-3.

. Falchi, A., Grolleau, G., and Mzoughi, N. (2022). Why companies might

under-communicate their efforts for sustainable development and what
can be done? Bus. Strategy Environ. 37, 1938-1946.

. Hilton, J. (2025). An integrated analysis of greenhush. Innovation and

Green Development 4,
100222.

100222. https://doi.org/10.1016/j.igd.2025.

. Net Zero Tracker. (2023). New analysis: Half of world’s largest companies

are committed to net zero (Net Zero Tracker).

. SME Climate Hub (2023). Barriers & Bridges: Small Business Climate

Action. https://smeclimatehub.org/wp-content/uploads/2023/02/SME-
Climate-Hub-Survey-2023.pdf.

. OECD. (2023). Assessing greenhouse gas emissions and energy con-

sumption in SMEs. https://doi.org/10.1787/ac8e6450-en.

. Oreskes, N., and Conway, E.M. (2011). Merchants of doubt: How a hand-

ful of scientists obscured the truth on issues from tobacco smoke to
global warming (Bloomsbury Publishing USA).

. Lamb, W.F., Mattioli, G., Levi, S., Roberts, J.T., Capstick, S., Creutzig, F.,

Minx, J.C., Muller-Hansen, F., Culhane, T., and Steinberger, J.K. (2020).
Discourses of climate delay. Glob. Sustain. 3, e17. https://doi.org/10.
1017/sus.2020.13.

. Brulle, R.J. (2018). The climate lobby: a sectoral analysis of lobbying

spending on climate change in the USA, 2000 to 2016. Climatic change
149, 289-303.

19.

20.

21

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

¢? CellPress

OPEN ACCESS

Conaty, F. (2021). Abduction as a Methodological Approach to Case
Study Research in Management Accounting — An lllustrative Case (Ac-
counting, Finance Governance Review), p. 27. https://doi.org/10.52399/
001c.22171.

Nielsen, K.S., Nicholas, K.A., Creutzig, F., Dietz, T., and Stern, P.C.
(2021). The role of high-socioeconomic-status people in locking in or
rapidly reducing energy-driven greenhouse gas emissions. Nat. Energy
6,1011-1016.

. Hampton, S., and Whitmarsh, L. (2023). Choices for climate action: A re-

view of the multiple roles individuals play. One Earth 6, 1157-1172.
https://doi.org/10.1016/j.oneear.2023.08.006.

Creutzig, F., Roy, J., Devine-Wright, P., Diaz-José, J., Geels, F., Grubler,
A., Maizi, N., Masanet, E., Mulugetta, Y., and Onyige-Ebeniro, C. (2022).
Demand, services and social aspects of mitigation (Cambridge Univer-
sity Press).

Eurostat (2024). Energy Use by Businesses and Households. https://ec.
europa.eu/eurostat/statistics-explained/index.php?title=Energy_use_by_
businesses_and_households_-_statistics.

Jaber, D. (2021). Climate Positive Business : How You and Your Com-
pany Hit Bold Climate Goals and Go Net Zero (Routledge). https://doi.
0rg/10.4324/9781003191544.

British Chambers of Commerce (2021). Carbon footprint a mystery to 9
out of 10 small businesses. https://www.britishchambers.org.uk/news/
2021/08/carbon-footprint-a-mystery-to-9-out-of-10-small-businesses/.

WRI, and WBCSD (2004). The greenhouse gas protocol. https://
ghgprotocol.org/sites/default/files/2023-03/Scope202.

Borghei, Z. (2021). Carbon disclosure: A systematic literature review. Ac-
count. Finance 67, 5255-5280.

Johnson, M.P., and Schaltegger, S. (2016). Two Decades of Sustainabil-
ity Management Tools for SMEs: How Far Have We Come? J. Small Busi-
ness Management 54, 481-505. https://doi.org/10.1111/jsbm.12154.

Kaplan, R.S., and Ramanna, K. (2022). We Need Better Carbon Account-
ing. Here’s How to Get There (Harvard Business Review).

Brander, M., and Gatzweiler, M. (2024). Acommentary on E-liability: does
it bring something new to GHG accounting? Carbon Management 15,
2372331. https://doi.org/10.1080/17583004.2024.2372331.

Martins, A.M., and Marto, J.M. (2023). A sustainable life cycle for cos-
metics: From design and development to post-use phase. Sustain.
Chem. Pharm. 35, 101178. https://doi.org/10.1016/j.scp.2023.101178.

Jia, J., Ranger, N., and Chaudhury, A. (2022). Designing For Compara-
bility: A Foundational Principle of Analysis Missing In Carbon Reporting
Systems. Preprint at SSRN. https://doi.org/10.2139/ssrn.4258460.

Bankers for Net Zero (2023). Perseus: Unlocking Financial Support for
SMEs by Automating Greenhouse Gas Reporting. Briefing Note.

Solngrdal, M., and Foss, L. (2018). Closing the Energy Efficiency Gap—A
Systematic Review of Empirical Articles on Drivers to Energy Efficiency
in Manufacturing Firms. Energies 717, 518. https://doi.org/10.3390/
en11030518.

Carbon Trust (2013). Energy Efficiency in Non-Domestic Buildings.
https://www.carbontrust.com/news-and-insights/insights/energy-
efficiency-in-non-domestic-buildings.

DECC. (2014). Research to Assess the Barriers and Drivers to Energy Ef-
ficiency in Small and Medium Sized Enterprises (Department of Energy &
Climate Change).

IEA. (2015). Accelerating Energy Efficiency in Small and Medium-sized
Enterprises (International Energy Agency).

Fresner, J., Morea, F., Krenn, C., Aranda Uson, J., and Tomasi, F. (2017).
Energy efficiency in small and medium enterprises: Lessons learned from
280 energy audits across Europe. J. Clean. Prod. 742, 1650-1660.
https://doi.org/10.1016/j.jclepro.2016.11.126.

Callefi, M.H.B.M., Ganga, G.M.D., Godinho Filho, M., Queiroz, M.M.,
Reis, V., and dos Reis, J.G.M. (2022). Technology-enabled capabilities

iScience 28, 114059, December 19, 2025 13



https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.59327/IPCC/AR6-9789291691647
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref2
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref2
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref3
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref3
https://doi.org/10.1080/14693062.2021.2013155
https://doi.org/10.1080/14693062.2021.2013155
https://doi.org/10.1080/14693062.2017.1397495
https://doi.org/10.1080/14693062.2017.1397495
https://doi.org/10.1016/j.oneear.2021.04.014
https://doi.org/10.1080/09644016.2021.1947636
https://doi.org/10.1080/09644016.2021.1947636
https://doi.org/10.1038/s41467-024-51151-w
https://doi.org/10.1038/s41467-024-51151-w
https://doi.org/10.1038/s41467-025-62970-w
https://doi.org/10.1038/s41467-025-62970-w
https://doi.org/10.1186/s12302-020-0300-3
https://doi.org/10.1186/s12302-020-0300-3
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref9
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref9
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref9
https://doi.org/10.1016/j.igd.2025.100222
https://doi.org/10.1016/j.igd.2025.100222
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref13
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref13
https://smeclimatehub.org/wp-content/uploads/2023/02/SME-Climate-Hub-Survey-2023.pdf
https://smeclimatehub.org/wp-content/uploads/2023/02/SME-Climate-Hub-Survey-2023.pdf
https://doi.org/10.1787/ac8e6450-en
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref16
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref16
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref16
https://doi.org/10.1017/sus.2020.13
https://doi.org/10.1017/sus.2020.13
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref18
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref18
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref18
https://doi.org/10.52399/001c.22171
https://doi.org/10.52399/001c.22171
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref20
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref20
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref20
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref20
https://doi.org/10.1016/j.oneear.2023.08.006
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref22
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref22
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref22
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref22
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_use_by_businesses_and_households_-_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_use_by_businesses_and_households_-_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_use_by_businesses_and_households_-_statistics
https://doi.org/10.4324/9781003191544
https://doi.org/10.4324/9781003191544
https://www.britishchambers.org.uk/news/2021/08/carbon-footprint-a-mystery-to-9-out-of-10-small-businesses/
https://www.britishchambers.org.uk/news/2021/08/carbon-footprint-a-mystery-to-9-out-of-10-small-businesses/
https://ghgprotocol.org/sites/default/files/2023-03/Scope202
https://ghgprotocol.org/sites/default/files/2023-03/Scope202
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref27
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref27
https://doi.org/10.1111/jsbm.12154
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref29
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref29
https://doi.org/10.1080/17583004.2024.2372331
https://doi.org/10.1016/j.scp.2023.101178
https://doi.org/10.2139/ssrn.4258460
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref33
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref33
https://doi.org/10.3390/en11030518
https://doi.org/10.3390/en11030518
https://www.carbontrust.com/news-and-insights/insights/energy-efficiency-in-non-domestic-buildings
https://www.carbontrust.com/news-and-insights/insights/energy-efficiency-in-non-domestic-buildings
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref36
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref36
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref36
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref37
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref37
https://doi.org/10.1016/j.jclepro.2016.11.126

¢? CellPress

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

14

OPEN ACCESS

in road freight transportation systems: A multi-method study. Expert
Syst. Appl. 203, 117497. https://doi.org/10.1016/j.eswa.2022.117497.

Kotsialos, A., and Vassilakopoulou, P. (2023). Fleet management enter-
prise systems and traffic control synergies: a literature review and
research agenda. Procedia Computer Science 219, 529-536. https://
doi.org/10.1016/j.procs.2023.01.321.

EIB (2020). Going green — Who is investing in energy efficiency, and why it
matters — Evidence from the EIB investment survey (European Invest-
ment Bank). https://doi.org/10.2867/28919.

Brunke, J.-C., Johansson, M., and Thollander, P. (2014). Empirical inves-
tigation of barriers and drivers to the adoption of energy conservation
measures, energy management practices and energy services in the
Swedish iron and steel industry. J. Clean. Prod. 84, 509-525. https://
doi.org/10.1016/j.jclepro.2014.04.078.

Blundel, R., and Hampton, S. (2021). How Can SMEs Contribute to Net
Zero?: An Evidence Review (Enterprise Research Centre).

Stuart, E., Larsen, P.H., Goldman, C.A., and Gilligan, D. (2014). A method
to estimate the size and remaining market potential of the US ESCO
(energy service company) industry. Energy 77, 362-371.

Sutek, A., and Borowski, P.F. (2024). Business Models on the Energy
Market in the Era of a Low-Emission Economy. Energies 77, 3235.
https://doi.org/10.3390/en17133235.

Hannon, Matthew J., Foxon, Timothy J., and Gale, William F. (2013). The
Co-Evolutionary Relationship between Energy Service Companies and
the UK Energy System: Implications for a Low-Carbon Transition. Energy
Pol. 67, 1031-1045. https://doi.org/10.1016/j.enpol.2013.06.009.

Stuart, Elizabeth, Hanus, Nichole L., Pablo Carvallo, Juan, and Larsen,
Peter H. (2021). U.S. ESCO Industry: Industry Size and Recent Market
Trends. https://escholarship.org/uc/item/4rc7122w.

US Department of Energy. (2011). Guiding Principles for Successfully Im-
plementing Industrial Energy Assessment Recommendations (Industrial
Technologies Program).

PWC (2016). Corporate renewable energy procurement survey insights.
https://acore.org/wp-content/uploads/2017/12/Corporate-Renewable-
Energy-Survey-high-res.pdf.

NREL (2023). Status and Trends in the Voluntary Market: 2022 Data.
https://www.nrel.gov/docs/libraries/analysis/status-and-trends-2022-
data.pdf?sfvrsn=d99d2351_2.

BEIS (2021). Government to tighten rules to stop “greenwashing” of
electricity tariffs. https://www.gov.uk/government/news/government-
to-tighten-rules-to-stop-greenwashing-of-electricity-tariffs.

NatWest (2024). NatWest Sustainable Business Tracker. https://www.
natwestgroup.com/news-and-insights/news-room/press-releases/economic-
analysis/2023/jan/natwest-sustainable-business-tracker.html.

Carbon Brief, M. (2024). Analysis: Surge in heat pumps and solar drives
record for UK homes in 2023 (Carbon Brief).

Ranaboldo, M., Araglés-Pefialba, M., Arica, E., Bade, A., Bullich-
Massagué, E., Burgio, A., Caccamo, C., Caprara, A., Cimmino, D., Do-
menech, B., et al. (2024). A comprehensive overview of industrial
demand response status in Europe. Renew. Sustain. Energy Rev. 203,
114797. https://doi.org/10.1016/j.rser.2024.114797.

Curtius, H.C. (2018). The adoption of building-integrated photovoltaics:
barriers and facilitators. Renewable Energy 726, 783-790. https://doi.
org/10.1016/j.renene.2018.04.001.

Reindl, K., and Palm, J. (2021). Installing PV: Barriers and enablers expe-
rienced by non-residential property owners. Renew. Sustain. Energy
Rev. 141, 110829.

Dhingra, T., Sengar, A., and Sajith, S. (2023). Identifying, analyzing, and
prioritizing barriers in the Indian industrial and commercial rooftop solar
sector. Solar Energy 254, 15-26.

Tongsopit, S., Moungchareon, S., Aksornkij, A., and Potisat, T. (2016).
Business models and financing options for a rapid scale-up of rooftop so-

iScience 28, 114059, December 19, 2025

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

iScience

lar power systems in Thailand. Energy Policy 95, 447-457. https://doi.
org/10.1016/j.enpol.2016.01.023.

Bankel, A., and Mignon, |. (2022). Solar business models from a firm
perspective — an empirical study of the Swedish market. Energy Policy
166, 113013. https://doi.org/10.1016/j.enpol.2022.113013.

Xu, B. (2024). Solar Roof Monetization in US Industrial Real Estate. MSc
Theses (Massachusetts Institute of Technology). https://dspace.mit.edu/
bitstream/handle/1721.1/153740/Xu_Celinexu_msred_cre_thesis_2024.
pdf?sequence=1&isAllowed=y.

. ACER. (2023). Demand response and other distributed energy resources:

what barriers are holding them back? 2023 Market Monitoring Report
(European Union Agency for the Cooperation of Energy Regulators).

British Chambers of Commerce (2022). Aimost half of SMEs facing April
cliff-edge on energy bills. https://www.britishchambers.org.uk/news/
2022/11/almost-half-of-smes-facing-april-cliff-edge-on-energy-bills/.

Lechtenbdhmer, S., Nilsson, L.J., Ahman, M., and Schneider, C. (2016).
Decarbonising the energy intensive basic materials industry through
electrification — Implications for future EU electricity demand. Energy
115, 1623-1631. https://doi.org/10.1016/j.energy.2016.07.110.

Carroll, P., Chesser, M., and Lyons, P. (2020). Air Source Heat Pumps
field studies: A systematic literature review. Renew. Sustain. Energy
Rev. 134, 110275.

Flérez-Orrego, D., Domingos, M.R., and Maréchal, F. (2023). Heat pump-
ing and renewable energy integration for decarbonizing brewery industry
and district heating. In Computer Aided Chemical Engineering 33 Euro-
pean Symposium on Computer Aided Process Engineering, A.C. Kokos-
sis, M.C. Georgiadis, and E. Pistikopoulos, eds. (Elsevier), pp. 3177-
3182. https://doi.org/10.1016/B978-0-443-15274-0.50507-2.

IEA. (2024). Global EV Outlook 2024: Moving towards increased afford-
ability (International Energy Agency).

Nadel, S. (2019). Electrification in the Transportation, Buildings, and Indus-
trial Sectors: a Review of Opportunities, Barriers, and Policies. Curr. Sus-
tain. Renew. Energy Rep. 6, 1568-168. https://doi.org/10.1007/s40518-
019-00138-z.

Haas, R., Sayer, M., Ajanovic, A., and Auer, H. (2023). Technological
learning: Lessons learned on energy technologies. WIREs Energy and
Environment 72, e463. https://doi.org/10.1002/wene.463.

IEA. (2022). Overview of key barriers to accelerating the deployment of
heat pumps and corresponding policy solutions — The Future of Heat
Pumps — Analysis (International Energy Agency).

Nesta (2023). Electricity, gas and other fuel prices across Europe. https:/
www.nesta.org.uk/report/how-the-uk-compares-to-the-rest-of-europe-on-
heat-pump-uptake/electricity-gas-and-other-fuel-prices-across-europe/.

IEA. (2028). Fossil Fuels Consumption Subsidies 2022 — Analysis (Inter-
national Energy Agency).

Montecchi, M., Plangger, K., and West, D.C. (2021). Supply chain trans-
parency: A bibliometric review and research agenda. Internat. J. Product.
Econom. 238, 108152. https://doi.org/10.1016/}.ijpe.2021.108152.

Schafer, N. (2023). Making transparency transparent: a systematic liter-
ature review to define and frame supply chain transparency in the context
of sustainability. Manag. Rev. Q. 73, 579-604. https://doi.org/10.1007/
s11301-021-00252-7.

Kumar, D., Singh, R.K., Mishra, R., and Vlachos, I. (2024). Big data ana-
lytics in supply chain decarbonisation: a systematic literature review and
future research directions. Int. J. Prod. Res. 62, 1489-1509. https://doi.
0rg/10.1080/00207543.2023.2179346.

IEA (2023). Scaling up Private Finance for Clean Energy in Emerging and
Developing Economies (International Energy Agency).

OECD (2011). Towards Green Growth: Monitoring Progress. https://doi.
0rg/10.1787/9789264111356-en.

Eurostat (2024). Environmental economy — statistics on employment and
growth. https://ec.europa.eu/eurostat/statistics-explained/index.php?


https://doi.org/10.1016/j.eswa.2022.117497
https://doi.org/10.1016/j.procs.2023.01.321
https://doi.org/10.1016/j.procs.2023.01.321
https://doi.org/10.2867/28919
https://doi.org/10.1016/j.jclepro.2014.04.078
https://doi.org/10.1016/j.jclepro.2014.04.078
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref43
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref43
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref44
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref44
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref44
https://doi.org/10.3390/en17133235
https://doi.org/10.1016/j.enpol.2013.06.009
https://escholarship.org/uc/item/4rc7122w
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref48
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref48
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref48
https://acore.org/wp-content/uploads/2017/12/Corporate-Renewable-Energy-Survey-high-res.pdf
https://acore.org/wp-content/uploads/2017/12/Corporate-Renewable-Energy-Survey-high-res.pdf
https://www.nrel.gov/docs/libraries/analysis/status-and-trends-2022-data.pdf?sfvrsn=d99d2351_2
https://www.nrel.gov/docs/libraries/analysis/status-and-trends-2022-data.pdf?sfvrsn=d99d2351_2
https://www.gov.uk/government/news/government-to-tighten-rules-to-stop-greenwashing-of-electricity-tariffs
https://www.gov.uk/government/news/government-to-tighten-rules-to-stop-greenwashing-of-electricity-tariffs
https://www.natwestgroup.com/news-and-insights/news-room/press-releases/economic-analysis/2023/jan/natwest-sustainable-business-tracker.html
https://www.natwestgroup.com/news-and-insights/news-room/press-releases/economic-analysis/2023/jan/natwest-sustainable-business-tracker.html
https://www.natwestgroup.com/news-and-insights/news-room/press-releases/economic-analysis/2023/jan/natwest-sustainable-business-tracker.html
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref53
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref53
https://doi.org/10.1016/j.rser.2024.114797
https://doi.org/10.1016/j.renene.2018.04.001
https://doi.org/10.1016/j.renene.2018.04.001
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref56
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref56
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref56
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref57
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref57
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref57
https://doi.org/10.1016/j.enpol.2016.01.023
https://doi.org/10.1016/j.enpol.2016.01.023
https://doi.org/10.1016/j.enpol.2022.113013
https://dspace.mit.edu/bitstream/handle/1721.1/153740/Xu_Celinexu_msred_cre_thesis_2024.pdf?sequence=1&isAllowed=y
https://dspace.mit.edu/bitstream/handle/1721.1/153740/Xu_Celinexu_msred_cre_thesis_2024.pdf?sequence=1&isAllowed=y
https://dspace.mit.edu/bitstream/handle/1721.1/153740/Xu_Celinexu_msred_cre_thesis_2024.pdf?sequence=1&isAllowed=y
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref61
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref61
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref61
https://www.britishchambers.org.uk/news/2022/11/almost-half-of-smes-facing-april-cliff-edge-on-energy-bills/
https://www.britishchambers.org.uk/news/2022/11/almost-half-of-smes-facing-april-cliff-edge-on-energy-bills/
https://doi.org/10.1016/j.energy.2016.07.110
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref64
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref64
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref64
https://doi.org/10.1016/B978-0-443-15274-0.50507-2
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref66
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref66
https://doi.org/10.1007/s40518-019-00138-z
https://doi.org/10.1007/s40518-019-00138-z
https://doi.org/10.1002/wene.463
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref69
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref69
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref69
https://www.nesta.org.uk/report/how-the-uk-compares-to-the-rest-of-europe-on-heat-pump-uptake/electricity-gas-and-other-fuel-prices-across-europe/
https://www.nesta.org.uk/report/how-the-uk-compares-to-the-rest-of-europe-on-heat-pump-uptake/electricity-gas-and-other-fuel-prices-across-europe/
https://www.nesta.org.uk/report/how-the-uk-compares-to-the-rest-of-europe-on-heat-pump-uptake/electricity-gas-and-other-fuel-prices-across-europe/
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref71
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref71
https://doi.org/10.1016/j.ijpe.2021.108152
https://doi.org/10.1007/s11301-021-00252-7
https://doi.org/10.1007/s11301-021-00252-7
https://doi.org/10.1080/00207543.2023.2179346
https://doi.org/10.1080/00207543.2023.2179346
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref75
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref75
https://doi.org/10.1787/9789264111356-en
https://doi.org/10.1787/9789264111356-en
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Environmental_economy_%E2%80%93_statistics_on_employment_and_growth

iScience

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

95.

96.

97.

98.

title=Environmental_economy_%E2%80%93_statistics_on_employment_
and_growth.

OECD (2010). SMEs, Entrepreneurship and Innovation (Organisation for
Economic Co-operation and Development).

Koirala, S. (2019). SMEs: Key drivers of green and inclusive growth
(OECD Green Growth Papers).

Diaz-Garcia, C., Gonzalez-Moreno, A., and Sdez-Martinez, F.J. (2015).
Eco-innovation: insights from a literature review. Innovation 77, 6-23.

Kuo, T.-C., and Smith, S. (2018). A systematic review of technologies
involving eco-innovation for enterprises moving towards sustainability.
J. Clean. Prod. 192, 207-220.

Liu, E., Lu, X., and Wang, D. (2023). A systematic review of carbon cap-
ture, utilization and storage: status, progress and challenges. Energies
16, 2865.

McClelland, D.C. (1987). Characteristics of successful entrepreneurs
(The journal of creative behavior).

Smythe, J., and Saunders, R. (2020). Female Entrepreneurs: The Secrets
of Their Success (Routledge). https://doi.org/10.4324/9780429442131.

Tiba, S., van Rijnsoever, F.J., and Hekkert, M.P. (2019). Firms with ben-
efits: A systematic review of responsible entrepreneurship and corporate
social responsibility literature. Corp. Soc. Responsib. Environ. Manag.
26, 265-284. https://doi.org/10.1002/csr.1682.

Gu, Y., Hu, L., Zhang, H., and Hou, C. (2021). Innovation Ecosystem
Research: Emerging Trends and Future Research. Sustainability 13,
11458. https://doi.org/10.3390/su132011458.

Dedehayir, O., Mé&kinen, S.J., and Roland Ortt, J. (2018). Roles during
innovation ecosystem genesis: A literature review. Technol. Forecast.
Soc. Change 136, 18-29. https://doi.org/10.1016/j.techfore.2016.
11.028.

Komorowski, M. (2019). Innovation Ecosystems in Europe: First outline
of an innovation ecosystem index. https://orca.cardiff.ac.uk/id/eprint/
146649.

Nature Research Intelligence (2023). Global Innovation Hubs Index 2023.
https://www.nature.com/articles/d42473-023-00420-1#:~:text=The %20
GIHI2023%20top %2020%20cities, % 2DEIlgin%2C%20Seattle%2DT
acoma%?2D.

MacArthur, E. (2017). Beyond plastic waste. Science 358, 843.

Frishammar, J., and Parida, V. (2019). Circular business model transfor-
mation: A roadmap for incumbent firms. Calif. Manage. Rev. 67, 5-29.

Han, J., Heshmati, A., and Rashidghalam, M. (2020). Circular economy
business models with a focus on servitization. Sustainability 72, 8799.

Kriswardhana, W., and Esztergar-Kiss, D. (2023). A systematic literature
review of Mobility as a Service: Examining the socio-technical factors in
MaasS adoption and bundling packages. Travel Behav. Soc. 37, 232-243.

Bjornbet, M.M., Skaar, C., Fet, A.M., and Schulte, K.@. (2021). Circular
economy in manufacturing companies: A review of case study literature.
J. Clean. Prod. 294, 126268. https://doi.org/10.1016/].jclepro.2021.
126268.

Ferrell, O.C., Ferrell, L., and Huggins, K. (2017). Seismic Shifts in the
Sharing Economy: Shaking Up Marketing Channels and Supply Chains.
Journal of Marketing Channels 24, 3-12. https://doi.org/10.1080/
1046669X.2017.1346973.

Ritter, M., and Schanz, H. (2019). The sharing economy: A comprehen-
sive business model framework. J. Clean. Prod. 213, 320-331. https://
doi.org/10.1016/j.jclepro.2018.12.154.

Frenken, K., and Schor, J. (2017). Putting the sharing economy into
perspective. Environ. Innov. Soc. Transit. 23, 3-10. https://doi.org/10.
1016/j.eist.2017.01.003.

Zhu, X., and Liu, K. (2021). A systematic review and future directions of
the sharing economy: business models, operational insights and environ-
ment-based utilities. J. Clean. Prod. 290, 125209. https://doi.org/10.
1016/j.jclepro.2020.125209.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

113.

114.

115.

116.

¢? CellPress

OPEN ACCESS

Schor, J.B., and Fitzmaurice, C.J. (2015). Collaborating and connecting:
the emergence of the sharing economy. In Handbook of Research on
Sustainable Consumption, L.A. Reisch and J. Thagersen, eds. (Edward
Elgar Publishing). https://doi.org/10.4337/9781783471270.00039.

Hira, A., and Reilly, K. (2017). The Emergence of the Sharing Economy:
Implications for Development. J. Dev. Soc. 33, 175-190. https://doi.
org/10.1177/0169796X17710071.

Bertassini, A.C., Ometto, A.R., Severengiz, S., and Gerolamo, M.C.
(2021). Circular economy and sustainability: The role of organizational
behaviour in the transition journey. Bus Strat Env 30, 3160-3193.
https://doi.org/10.1002/bse.2796.

Hina, M., Chauhan, C., Kaur, P., Kraus, S., and Dhir, A. (2022). Drivers and
barriers of circular economy business models: Where we are now, and
where we are heading. J. Clean. Prod. 333, 130049.

Corvellec, H., Stowell, A.F., and Johansson, N. (2022). Critiques of the
circular economy. J. Ind. Ecol. 26, 421-432. https://doi.org/10.1111/
jiec.13187.

De Jesus, A., and Mendonga, S. (2018). Lost in Transition? Drivers and
Barriers in the Eco-innovation Road to the Circular Economy. Ecol.
Econ. 145, 75-89. https://doi.org/10.1016/j.ecolecon.2017.08.001.

Vermunt, D.A., Negro, S.O., Verweij, P.A., Kuppens, D.V., and Hekkert,
M.P. (2019). Exploring barriers to implementing different circular busi-
ness models. J. Clean. Prod. 222, 891-902. https://doi.org/10.1016/}.
jclepro.2019.03.052.

Bianchini, A., Rossi, J., and Pellegrini, M. (2019). Overcoming the Main
Barriers of Circular Economy Implementation through a New Visualiza-
tion Tool for Circular Business Models. Sustainability 77, 6614. https://
doi.org/10.3390/su11236614.

Chizaryfard, A., Trucco, P., and Nuur, C. (2021). The transformation to a
circular economy: framing an evolutionary view. J. Evol. Econ. 37,
475-504. https://doi.org/10.1007/s00191-020-00709-0.

Vence, X., and Lopez Pérez, S.d.J. (2021). Taxation for a Circular Econ-
omy: New Instruments, Reforms, and Architectural Changes in the Fiscal
System. Sustainability 73, 4581. https://doi.org/10.3390/su13084581.

Parag, Y., and Janda, K.B. (2014). More than filler: Middle actors and
socio-technical change in the energy system from the “middle-out”.
Energy Res. Soc. Sci. 3, 102-112. https://doi.org/10.1016/j.erss.2014.
07.011.

Janda, K., Killip, G., and Fawcett, T. (2014). Reducing Carbon from the
“Middle-Out”: The Role of Builders in Domestic Refurbishment. Build-
ings 4, 911-936. https://doi.org/10.3390/buildings4040911.

Janda, K., Reindl, K., Blumer, Y., Parag, Y., and Wade, F. (2019). Making
more of middles: Advancing the middle-out perspective in energy system
transformation. In ECEEE 2019 Summer Study on Energy Efficiency: Is
Efficient Sufficient? (European Council for an Energy Efficient Economy),
pp. 199-204.

Breetz, H., Mildenberger, M., and Stokes, L. (2018). The political logics of
clean energy transitions. Bus. Polit. 20, 492-522. https://doi.org/10.
1017/bap.2018.14.

Stokes, L.C. (2020). Short Circuiting Policy: Interest Groups and the Battle
Over Clean Energy and Climate Policy in the American States (Oxford Uni-
versity Press). https://doi.org/10.1093/0s0/9780190074258.001.0001.

Behavioural Insights Team (2020). A Menu for Change: Using behavioural
science to promote sustainable diets around the world. https://www.bi.
team/wp-content/uploads/2020/03/BIT_Report_A-Menu-for-Change_
Webversion_2020.pdf.pdf.

Arno, A., and Thomas, S. (2016). The efficacy of nudge theory strategies
in influencing adult dietary behaviour: a systematic review and meta-
analysis. BMC Public Health 16, 676. https://doi.org/10.1186/s12889-
016-3272-x.

Mertens, S., Herberz, M., Hahnel, U.J.J., and Brosch, T. (2022). The
effectiveness of nudging: A meta-analysis of choice architecture

iScience 28, 114059, December 19, 2025 15



https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Environmental_economy_%E2%80%93_statistics_on_employment_and_growth
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Environmental_economy_%E2%80%93_statistics_on_employment_and_growth
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref78
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref78
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref79
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref79
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref80
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref80
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref81
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref81
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref81
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref82
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref82
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref82
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref83
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref83
https://doi.org/10.4324/9780429442131
https://doi.org/10.1002/csr.1682
https://doi.org/10.3390/su132011458
https://doi.org/10.1016/j.techfore.2016.11.028
https://doi.org/10.1016/j.techfore.2016.11.028
https://orca.cardiff.ac.uk/id/eprint/146649
https://orca.cardiff.ac.uk/id/eprint/146649
https://www.nature.com/articles/d42473-023-00420-1#:%7E:text=The%20GIHI2023%20top%2020%20cities,%2DElgin%2C%20Seattle%2DTacoma%2D
https://www.nature.com/articles/d42473-023-00420-1#:%7E:text=The%20GIHI2023%20top%2020%20cities,%2DElgin%2C%20Seattle%2DTacoma%2D
https://www.nature.com/articles/d42473-023-00420-1#:%7E:text=The%20GIHI2023%20top%2020%20cities,%2DElgin%2C%20Seattle%2DTacoma%2D
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref90
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref91
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref91
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref92
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref92
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref93
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref93
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref93
https://doi.org/10.1016/j.jclepro.2021.126268
https://doi.org/10.1016/j.jclepro.2021.126268
https://doi.org/10.1080/1046669X.2017.1346973
https://doi.org/10.1080/1046669X.2017.1346973
https://doi.org/10.1016/j.jclepro.2018.12.154
https://doi.org/10.1016/j.jclepro.2018.12.154
https://doi.org/10.1016/j.eist.2017.01.003
https://doi.org/10.1016/j.eist.2017.01.003
https://doi.org/10.1016/j.jclepro.2020.125209
https://doi.org/10.1016/j.jclepro.2020.125209
https://doi.org/10.4337/9781783471270.00039
https://doi.org/10.1177/0169796X17710071
https://doi.org/10.1177/0169796X17710071
https://doi.org/10.1002/bse.2796
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref102
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref102
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref102
https://doi.org/10.1111/jiec.13187
https://doi.org/10.1111/jiec.13187
https://doi.org/10.1016/j.ecolecon.2017.08.001
https://doi.org/10.1016/j.jclepro.2019.03.052
https://doi.org/10.1016/j.jclepro.2019.03.052
https://doi.org/10.3390/su11236614
https://doi.org/10.3390/su11236614
https://doi.org/10.1007/s00191-020-00709-0
https://doi.org/10.3390/su13084581
https://doi.org/10.1016/j.erss.2014.07.011
https://doi.org/10.1016/j.erss.2014.07.011
https://doi.org/10.3390/buildings4040911
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref111
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref111
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref111
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref111
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref111
https://doi.org/10.1017/bap.2018.14
https://doi.org/10.1017/bap.2018.14
https://doi.org/10.1093/oso/9780190074258.001.0001
https://www.bi.team/wp-content/uploads/2020/03/BIT_Report_A-Menu-for-Change_Webversion_2020.pdf.pdf
https://www.bi.team/wp-content/uploads/2020/03/BIT_Report_A-Menu-for-Change_Webversion_2020.pdf.pdf
https://www.bi.team/wp-content/uploads/2020/03/BIT_Report_A-Menu-for-Change_Webversion_2020.pdf.pdf
https://doi.org/10.1186/s12889-016-3272-x
https://doi.org/10.1186/s12889-016-3272-x

¢? CellPress

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

16

OPEN ACCESS

interventions across behavioral domains. Proc. Natl. Acad. Sci. USA 119,
€2107346118. https://doi.org/10.1073/pnas.2107346118.

Babakhani, N., Lee, A., and Dolnicar, S. (2020). Carbon labels on restau-
rant menus: do people pay attention to them? J. Sustain. Tour. 28, 51-68.
https://doi.org/10.1080/09669582.2019.1670187.

Betz, A.-K., Seger, B.T., and Nieding, G. (2022). How can carbon labels
and climate-friendly default options on restaurant menus contribute to
the reduction of greenhouse gas emissions associated with dining?
PLOS Clim. 7, e0000028. https://doi.org/10.1371/journal.pclm.0000028.

Giaccherini, M., Gilli, M., Mancinelli, S., and Zoli, M. (2021). Nudging food
waste decisions at restaurants. Eur. Econ. Rev. 135, 103722. https://doi.
org/10.1016/j.euroecorev.2021.103722.

Hansen, P.G., Schilling, M., and Malthesen, M.S. (2021). Nudging healthy
and sustainable food choices: three randomized controlled field experi-
ments using a vegetarian lunch-default as a normative signal. J. Public
Health 43, 392-397. https://doi.org/10.1093/pubmed/fdz154.

Meier, J., Andor, M.A., Doebbe, F., Haddaway, N., and Reisch, L.A.
(2021). Can Green Defaults Reduce Meat Consumption?. Preprint at
SSRN. https://doi.org/10.2139/ssrn.3903160.

Moss, E., Gerken, K., Youngblood, K., and Jambeck, J.R. (2022). Global
landscape analysis of reuse and refill solutions. Front. Sustain. 3,
1006702. https://doi.org/10.3389/frsus.2022.1006702.

Brandt, K. (2023). New ways we’re helping reduce transportation and
energy emissions (Google). https://blog.google/outreach-initiatives/
sustainability/google-transportation-energy-emissions-reduction/.

Sam Wilkin [@MrSamWiilkin]. (2023). A really easy piece of climate legis-
lation would be to ban misleading flight adverts. Look at Google Maps
here: | searched for a route specifically between train stations (i.e. city
centres) and it advertises flights without the transfer costs and time.
https://t.co/m67Cw6bBgWTwitter. https://x.com/MrSamWilkin/status/
1621793009799946240.

Ewing, M. (2020). Just-in-Time Delivery: environmental scan of policies
and practices (Pembina Institute).

Osaka, S. (2018). On Amazon’s Prime Day, the environment gets a
raw deal. Grist. https://grist.org/article/on-amazons-prime-day-the-
environment-gets-a-raw-deal/.

BBC. (2024). Al means Google’s greenhouse gas emissions up 48% in 5
years (BBC News).

Seattle Times. (2025). Amazon’s carbon emissions jump as Al push tests
company’s climate pledge (The Seattle Times).

Wehrmann, B. (2022). “Mittelstand” action programme to support
German SMEs’ climate efforts. Clean Energy Wire. https:/www.
cleanenergywire.org/news/mittelstand-action-programme-support-
german-smes-climate-efforts

Killip, G. (2020). A reform agenda for UK construction education and
practice. Build. Cities 7, 525-537. https://doi.org/10.5334/bc.43.

Owen, A., Mitchell, G., and Gouldson, A. (2014). Unseen influence—The
role of low carbon retrofit advisers and installers in the adoption and use
of domestic energy technology. Energy Policy 73, 169-179.

Clarke, L., Sahin-Dikmen, M., and Winch, C. (2020). Overcoming diverse
approaches to vocational education and training to combat climate
change: The case of low energy construction in Europe. Oxford Review
of Education 46, 619-636.

Tyros, S., Andrews, D., and Serres, A. de (2023). Doing green things:
skills, reallocation, and the green transition (OECD). https://doi.org/10.
1787/286a5007-en.

Wood, Z. (2024). UK to scrap ‘boiler tax’ after makers raise prices to
cover any fines (The Guardian).

Economist Impact. (2024). Green skills: driving the transition to a more
sustainable future (The Economist).

iScience 28, 114059, December 19, 2025

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

iScience

Gullberg, A.T. (2008). Lobbying friends and foes in climate policy: The
case of business and environmental interest groups in the European
Union. Energy Policy 36, 2964-2972.

Andrade, J.C.S., and Puppim de Oliveira, J.A. (2015). The Role of the Pri-
vate Sector in Global Climate and Energy Governance. J. Bus. Ethics
130, 375-387. https://doi.org/10.1007/s10551-014-2235-3.

McSweeney, R. (2021). Analysis: How delegations at COP climate sum-
mits have changed over time. Carbon Brief. https://www.carbonbrief.
org/analysis-how-delegations-at-cop-climate-summits-have-changed-
over-time/.

McGrath, M. (2023). COP28: Record number of fossil fuel delegates at
climate talks (BBC News).

Saha, C.K. (2024). Least developed countries versus fossil fuel incum-
bents: strategies, divisions, and barriers at the United Nations climate
negotiations. Int. Environ. Agreements. 24, 91-120. https://doi.org/10.
1007/s10784-024-09629-x.

InfluenceMap (2021). Corporate Climate Policy Footprint. https://
influencemap.org/report/The-Carbon-Policy-Footprint-Report-2021-
670f36863e7859e1ad7848ec601ddad7.

Grasso, M. (2019). Oily politics: A critical assessment of the oil and gas
industry’s contribution to climate change. Energy Res. Soc. Sci. 50,
106-115. https://doi.org/10.1016/j.erss.2018.11.017.

Jay, L., and Schaper, M. (2003). Which advisers do micro-firms use?
Some Australian evidence. J. Small Business Enterprise Development
10, 136-143. https://doi.org/10.1108/14626000310473166.

BEIS. (2019). Business productivity review (Department for Business, En-
ergy and Industrial Strategy).

Shaper, M. (2022). SME Responses to Climate Change in Southeast Asia
(Institute of Southeast Asian Studies).

Bastas, A., and Liyanage, K. (2018). Sustainable supply chain quality
management: A systematic review. J. Clean. Prod. 181, 726-744.

Koberg, E., and Longoni, A. (2019). A systematic review of sustainable
supply chain management in global supply chains. J. Clean. Prod. 207,
1084-1098.

Laurin, F., and Fantazy, K. (2017). Sustainable supply chain manage-
ment: a case study at IKEA. Transnational Corporations Review 9,
309-318. https://doi.org/10.1080/19186444.2017.1401208.

Paramonova, S., and Thollander, P. (2016). Energy-efficiency networks
for SMEs: Learning from the Swedish experience. Renew. Sustain. En-
ergy Rev. 65, 295-307.

Wohlfarth, K., Eichhammer, W., Schlomann, B., and Mielicke, U. (2017).
Learning networks as an enabler for informed decisions to target energy-
efficiency potentials in companies. J. Clean. Prod. 163, 118-127. https://
doi.org/10.1016/j.jclepro.2016.11.128.

Hansen, E., and Klewitz, J. (2012). Publicly mediated inter-organisational
networks: A solution for sustainability-oriented innovation in SMEs? In
Entrepreneurship, Innovation and Sustainability (Routledge).

Suchek, N., and Franco, M. (2023). Inter-organisational Cooperation Ori-
ented Towards Sustainability Involving SMEs: a Systematic Literature
Review. J. Knowl. Econ. 15, 1-21. https://doi.org/10.1007/s13132-023-
01196-x.

Farooq, M.B., and De Villiers, C. (2017). The market for sustainability
assurance services: A comprehensive literature review and future ave-
nues for research. Pacific Accounting Review 29, 79-106.

Gond, J., Brés, L., and Mosonyi, S. (2024). Consultants as discreet
corporate change agents for sustainability: Transforming organizations
from the outside-in. Business Ethics Env. Resp. 33, 157-169.

Parker, C.M., Redmond, J., and Simpson, M. (2009). A Review of Inter-
ventions to Encourage SMEs to Make Environmental Improvements. En-
viron. Plann. C. Gov. Policy 27, 279-301. https://doi.org/10.1068/
c0859b.


https://doi.org/10.1073/pnas.2107346118
https://doi.org/10.1080/09669582.2019.1670187
https://doi.org/10.1371/journal.pclm.0000028
https://doi.org/10.1016/j.euroecorev.2021.103722
https://doi.org/10.1016/j.euroecorev.2021.103722
https://doi.org/10.1093/pubmed/fdz154
https://doi.org/10.2139/ssrn.3903160
https://doi.org/10.3389/frsus.2022.1006702
https://blog.google/outreach-initiatives/sustainability/google-transportation-energy-emissions-reduction/
https://blog.google/outreach-initiatives/sustainability/google-transportation-energy-emissions-reduction/
https://t.co/m67Cw6bBgWTwitter
https://x.com/MrSamWilkin/status/1621793009799946240
https://x.com/MrSamWilkin/status/1621793009799946240
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref125
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref125
https://grist.org/article/on-amazons-prime-day-the-environment-gets-a-raw-deal/
https://grist.org/article/on-amazons-prime-day-the-environment-gets-a-raw-deal/
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref127
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref127
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref128
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref128
https://www.cleanenergywire.org/news/mittelstand-action-programme-support-german-smes-climate-efforts
https://www.cleanenergywire.org/news/mittelstand-action-programme-support-german-smes-climate-efforts
https://www.cleanenergywire.org/news/mittelstand-action-programme-support-german-smes-climate-efforts
https://doi.org/10.5334/bc.43
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref131
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref131
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref131
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref132
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref132
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref132
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref132
https://doi.org/10.1787/286a5007-en
https://doi.org/10.1787/286a5007-en
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref134
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref134
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref135
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref135
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref136
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref136
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref136
https://doi.org/10.1007/s10551-014-2235-3
https://www.carbonbrief.org/analysis-how-delegations-at-cop-climate-summits-have-changed-over-time/
https://www.carbonbrief.org/analysis-how-delegations-at-cop-climate-summits-have-changed-over-time/
https://www.carbonbrief.org/analysis-how-delegations-at-cop-climate-summits-have-changed-over-time/
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref139
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref139
https://doi.org/10.1007/s10784-024-09629-x
https://doi.org/10.1007/s10784-024-09629-x
https://influencemap.org/report/The-Carbon-Policy-Footprint-Report-2021-670f36863e7859e1ad7848ec601dda97
https://influencemap.org/report/The-Carbon-Policy-Footprint-Report-2021-670f36863e7859e1ad7848ec601dda97
https://influencemap.org/report/The-Carbon-Policy-Footprint-Report-2021-670f36863e7859e1ad7848ec601dda97
https://doi.org/10.1016/j.erss.2018.11.017
https://doi.org/10.1108/14626000310473166
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref144
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref144
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref145
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref145
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref146
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref146
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref147
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref147
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref147
https://doi.org/10.1080/19186444.2017.1401208
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref149
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref149
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref149
https://doi.org/10.1016/j.jclepro.2016.11.128
https://doi.org/10.1016/j.jclepro.2016.11.128
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref151
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref151
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref151
https://doi.org/10.1007/s13132-023-01196-x
https://doi.org/10.1007/s13132-023-01196-x
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref153
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref153
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref153
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref154
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref154
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref154
https://doi.org/10.1068/c0859b
https://doi.org/10.1068/c0859b

iScience

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Tao, R., Wu, J., and Zhao, H. (2023). Do corporate customers prefer so-
cially responsible suppliers? An instrumental stakeholder theory
perspective. J. Bus. Ethics 7185, 689-712.

Lopes, J.M., Gomes, S., and Trancoso, T. (2023). The dark side of green
marketing: How greenwashing affects circular consumption? Sustain-
ability 75, 11649.

Fowler, A.R., lll, and Close, A.G. (2012). It ain’t easy being green: Macro,
meso, and micro green advertising agendas. J. Advert. 47, 119-132.

Competition and Markets Authority. (2021). Global sweep finds 40% of
firms’ green claims could be misleading (GOV.UK). https://www.gov.
uk/government/news/global-sweep-finds-40-of-firms-green-claims-could-
be-misleading.

Andre, P., Boneva, T., Chopra, F., and Falk, A. (2024). Globally represen-
tative evidence on the actual and perceived support for climate action.
Nat. Clim. Chang. 714, 253-259. https://doi.org/10.1038/s41558-024-
01925-3.

Baden, D., and Hodgson, S. (2022). Mirror Talkers Study Report. https://
ecohairandbeauty.com/wp-content/uploads/sites/307/2022/12/Mirror
TalkersStudyReport_002.pdf.

Eiseman, D., and Jonsson, M. (2019). Leveraging the coffee experience
as a tool for engagement with climate change. Qualitative Market
Research: An International Journal 22, 570-581. https://doi.org/10.
1108/QMR-07-2018-0084.

Buxton, A. (2022). Tables Turned: Customers Had To Request Meat At
Burger King Austria As Plant-Based Became The Default. Plant Based
News. https://plantbasednews.org/lifestyle/food/burger-king-austria-meat-
the-exception/.

Chadee, D., Wiesner, R., and Roxas, B. (2011). Environmental sustain-
ability change management in SMEs: learning from sustainability cham-
pions. Int. J. Learn. Chang. 5, 194-207. https://doi.org/10.1504/IJLC.
2011.045068.

Yong, J.Y., Yusliza, M.-Y., and Fawehinmi, O.0. (2019). Green human
resource management: A systematic literature review from 2007 to
2019. Benchmarking: An International Journal 27, 2005-2027. https://
doi.org/10.1108/BIJ-12-2018-0438.

Verfuerth, C., and Gregory-Smith, D. (2018). Spillover of pro-environmental
behaviour. In Research Handbook on Employee Pro-Environmental
Behaviour, pp. 455-484.

Gaskell, A. (2021). Employees Demand That We Become More Sustain-
able. Forbes. https://www.forbes.com/sites/adigaskell/2021/10/31/
employees-demand-that-we-become-more-sustainable/.

KPMG. (2023). Climate quitting - younger workers voting with their feet
on employer’'s ESG commitments. KPMG. https://kpmg.com/uk/en/
home/media/press-releases/2023/01/climate-quitting-younger-workers-
voting-esg.html.

Tsang, S., Welford, R., and Brown, M. (2009). Reporting on community
investment. Corp Soc Responsibility Env 16, 123-136. https://doi.org/
10.1002/csr.178.

Hahn, R., and Kiihnen, M. (2013). Determinants of sustainability report-
ing: a review of results, trends, theory, and opportunities in an expanding
field of research. J. Clean. Prod. 59, 5-21. https://doi.org/10.1016/j.jcle-
pro.2013.07.005.

Boiral, O., Talbot, D., and Paillé, P. (2015). Leading by Example: A Model
of Organizational Citizenship Behavior for the Environment. Bus Strat Env
24, 532-550. https://doi.org/10.1002/bse.1835.

Boiral, O. (2009). Greening the Corporation Through Organizational Citi-
zenship Behaviors. J. Bus. Ethics 87, 221-236. https://doi.org/10.1007/
s$10551-008-9881-2.

Porter, M.E. (1991). America’s green strategy264(4), 168. Sci. Am. 264,
168. https://doi.org/10.1038/scientificamerican0491-168.

Lah, L.M., and Kotnik, Z. (2022). A Literature Review of the Factors
Affecting the Compliance Costs of Environmental Regulation and Com-

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

¢? CellPress

OPEN ACCESS

panies’ Productivity 20th Anniversary. Cent. Eur. Pub. Admin. Rev.
20, 57-80.

Albertini, E. (2013). Does Environmental Management Improve Financial
Performance? A Meta-Analytical Review. Organ. Environ. 26, 431-457.
https://doi.org/10.1177/1086026613510301.

Hahn, R., Reimsbach, D., and Schiemann, F. (2015). Organizations,
Climate Change, and Transparency: Reviewing the Literature on Carbon
Disclosure. Organ. Environ. 28, 80-102. https://doi.org/10.1177/
1086026615575542.

Heugens, P.P.M.A.R., and Lander, M.W. (2009). Structure! Agency! (And
Other Quarrels): A Meta-Analysis Of Institutional Theories Of Organiza-
tion. AMJ 52, 61-85. https://doi.org/10.5465/amj.2009.36461835.

Papoutsi, A., and Sodhi, M.S. (2020). Does disclosure in sustainability re-
ports indicate actual sustainability performance? J. Clean. Prod. 260,
121049. https://doi.org/10.1016/j.jclepro.2020.121049.

Wiengarten, F., Pagell, M., and Fynes, B. (2013). ISO 14000 certification
and investments in environmental supply chain management practices:
identifying differences in motivation and adoption levels between West-
ern European and North American companies. J. Clean. Prod. 56,
18-28. https://doi.org/10.1016/j.jclepro.2012.01.021.

Burch, S., and Di Bella, J. (2021). Business models for the Anthropocene:
accelerating sustainability transformations in the private sector. Sustain.
Sci. 16, 1963-1976. https://doi.org/10.1007/s11625-021-01037-3.

Lennon, B., Dunphy, N.P., and Sanvicente, E. (2019). Community accept-
ability and the energy transition: a citizens’ perspective. Energ Sustain
Soc 9, 35. https://doi.org/10.1186/s13705-019-0218-z.

Ferrall-Wolf, I., and Coney. (2024). Commercial-Scale Solar PV Increases
Local Residential Solar Adoption (NREL).

Nisbet, M.C. (2018). Strategic philanthropy in the post-Cap-and-Trade
years: Reviewing U.S. climate and energy foundation funding. WIREs
Climate Change 9, e524. https://doi.org/10.1002/wcc.524.

Clark, R., Reed, J., and Sunderland, T. (2018). Bridging funding gaps for
climate and sustainable development: Pitfalls, progress and potential of
private finance. Land Use Policy 71, 335-346. https://doi.org/10.1016/j.
landusepol.2017.12.013.

Palumbo, A. (2017). From Government to Governance (Routledge).
https://doi.org/10.4324/9781315254920.

Scherer, A.G., Palazzo, G., and Matten, D. (2014). The Business Firm as a
Political Actor: A New Theory of the Firm for a Globalized World. Bus.
Soc. 53, 143-156. https://doi.org/10.1177/0007650313511778.

Green, J., Hadden, J., Hale, T., and Mahdavi, P. (2022). Transition,
hedge, or resist? Understanding political and economic behavior toward
decarbonization in the oil and gas industry. Rev. Int. Polit. Econ. 29,
2036-2063. https://doi.org/10.1080/09692290.2021.1946708.

Geissdoerfer, M., Vladimirova, D., and Evans, S. (2018). Sustainable
business model innovation: A review. J. Clean. Prod. 798, 401-416.
https://doi.org/10.1016/j.jclepro.2018.06.240.

Dyllick, T., and Muff, K. (2016). Clarifying the Meaning of Sustainable
Business: Introducing a Typology From Business-as-Usual to True Busi-
ness Sustainability. Organ. Environ. 29, 156-174. https://doi.org/10.
1177/1086026615575176.

Gong, M., Simpson, A., Koh, L., and Tan, K.H. (2018). Inside out: The in-
terrelationships of sustainable performance metrics and its effect on
business decision making: Theory and practice. Resour. Conserv. Re-
cycl. 128, 155-166. https://doi.org/10.1016/j.resconrec.2016.11.001.

Bracking, S., and Leffel, B. (2021). Climate finance governance: Fit for
purpose? WIREs Climate Change 72, e709. https://doi.org/10.1002/
wcce.709.

Steckel, J.C., Jakob, M., Flachsland, C., Kornek, U., Lessmann, K., and
Edenhofer, O. (2017). From climate finance toward sustainable develop-
ment finance. WIREs Climate Change 8, e437. https://doi.org/10.1002/
wce.437.

iScience 28, 114059, December 19, 2025 17



http://refhub.elsevier.com/S2589-0042(25)02320-X/sref157
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref157
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref157
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref158
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref158
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref158
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref159
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref159
https://www.gov.uk/government/news/global-sweep-finds-40-of-firms-green-claims-could-be-misleading
https://www.gov.uk/government/news/global-sweep-finds-40-of-firms-green-claims-could-be-misleading
https://www.gov.uk/government/news/global-sweep-finds-40-of-firms-green-claims-could-be-misleading
https://doi.org/10.1038/s41558-024-01925-3
https://doi.org/10.1038/s41558-024-01925-3
https://ecohairandbeauty.com/wp-content/uploads/sites/307/2022/12/MirrorTalkersStudyReport_002.pdf
https://ecohairandbeauty.com/wp-content/uploads/sites/307/2022/12/MirrorTalkersStudyReport_002.pdf
https://ecohairandbeauty.com/wp-content/uploads/sites/307/2022/12/MirrorTalkersStudyReport_002.pdf
https://doi.org/10.1108/QMR-07-2018-0084
https://doi.org/10.1108/QMR-07-2018-0084
https://plantbasednews.org/lifestyle/food/burger-king-austria-meat-the-exception/
https://plantbasednews.org/lifestyle/food/burger-king-austria-meat-the-exception/
https://doi.org/10.1504/IJLC.2011.045068
https://doi.org/10.1504/IJLC.2011.045068
https://doi.org/10.1108/BIJ-12-2018-0438
https://doi.org/10.1108/BIJ-12-2018-0438
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref169
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref169
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref169
https://www.forbes.com/sites/adigaskell/2021/10/31/employees-demand-that-we-become-more-sustainable/
https://www.forbes.com/sites/adigaskell/2021/10/31/employees-demand-that-we-become-more-sustainable/
https://kpmg.com/uk/en/home/media/press-releases/2023/01/climate-quitting-younger-workers-voting-esg.html
https://kpmg.com/uk/en/home/media/press-releases/2023/01/climate-quitting-younger-workers-voting-esg.html
https://kpmg.com/uk/en/home/media/press-releases/2023/01/climate-quitting-younger-workers-voting-esg.html
https://doi.org/10.1002/csr.178
https://doi.org/10.1002/csr.178
https://doi.org/10.1016/j.jclepro.2013.07.005
https://doi.org/10.1016/j.jclepro.2013.07.005
https://doi.org/10.1002/bse.1835
https://doi.org/10.1007/s10551-008-9881-2
https://doi.org/10.1007/s10551-008-9881-2
https://doi.org/10.1038/scientificamerican0491-168
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref177
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref177
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref177
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref177
https://doi.org/10.1177/1086026613510301
https://doi.org/10.1177/1086026615575542
https://doi.org/10.1177/1086026615575542
https://doi.org/10.5465/amj.2009.36461835
https://doi.org/10.1016/j.jclepro.2020.121049
https://doi.org/10.1016/j.jclepro.2012.01.021
https://doi.org/10.1007/s11625-021-01037-3
https://doi.org/10.1186/s13705-019-0218-z
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref185
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref185
https://doi.org/10.1002/wcc.524
https://doi.org/10.1016/j.landusepol.2017.12.013
https://doi.org/10.1016/j.landusepol.2017.12.013
https://doi.org/10.4324/9781315254920
https://doi.org/10.1177/0007650313511778
https://doi.org/10.1080/09692290.2021.1946708
https://doi.org/10.1016/j.jclepro.2018.06.240
https://doi.org/10.1177/1086026615575176
https://doi.org/10.1177/1086026615575176
https://doi.org/10.1016/j.resconrec.2016.11.001
https://doi.org/10.1002/wcc.709
https://doi.org/10.1002/wcc.709
https://doi.org/10.1002/wcc.437
https://doi.org/10.1002/wcc.437

¢? CellPress

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

18

OPEN ACCESS

Black, S., Liu, A., Parry, I., and Vernon, N. (2023). IMF Fossil Fuel Sub-
sidies Data: 2023 Update. https://www.imf.org/en/publications/wp/
issues/2023/08/22/imf-fossil-fuel-subsidies-data-2023-update-537281.

Bhutta, U.S., Tarig, A., Farrukh, M., Raza, A., and Igbal, M.K. (2022).
Green bonds for sustainable development: Review of literature on devel-
opment and impact of green bonds. Technol. Forecast. Soc. Change
175, 121378. https://doi.org/10.1016/j.techfore.2021.121378.

Adhikari, B., and Safaee Chalkasra, L.S. (2023). Mobilizing private sector
investment for climate action: enhancing ambition and scaling up imple-
mentation. J. Sustain. Financ. Invest. 13, 1110-1127. https://doi.org/10.
1080/20430795.2021.1917929.

Flammer, C. (2021). Corporate green bonds. J. Financ. Econ. 142,
499-516. https://doi.org/10.1016/j.jfineco.2021.01.010.

Luers, A., Tallis, H., Anderegg, W., Basham, E., Blanchard, L., Chuzi, K.,
Concha-Larrauri, P., Guo, A., Kim, A., Matthews, D., et al. (2024). Invest-
ing in Nature for Sustainability: Corporate insights from science and prac-
tice (Microsoft).

Fawcett, T., and Hampton, S. (2020). Why & how energy efficiency policy
should address SMEs. Energy Policy 740, 111337. https://doi.org/10.
1016/j.enpol.2020.111337.

UK Finance (2024). Unlocking the SME Net Zero Transition. https://www.
ukfinance.org.uk/system/files/2024-05/UK%20Finance %20SME %20
sustainability%20report_0.pdf.

United Nations Environment Programme. (2023). Adaptation Gap Report
2023: Underfinanced. Underprepared. Inadequate investment and plan-
ning on climate adaptation leaves world exposed (United Nations Envi-
ronment Programme). https://doi.org/10.59117/20.500.11822/43796.
Pauw, W.P. (2017). Mobilising private adaptation finance: developed
country perspectives. Int. Environ. Agreements. 17, 55-71. https://doi.
org/10.1007/s10784-016-9342-9.

Stoll, P.P., Pauw, W.P., Tohme, F., and Grining, C. (2021). Mobilizing pri-
vate adaptation finance: lessons learned from the Green Climate Fund.
Climatic Change 167, 45. https://doi.org/10.1007/s10584-021-03190-1.
Kalinowski, T. (2024). The Green Climate Fund and private sector climate
finance in the Global South. Climate Policy 24, 281-296. https://doi.org/
10.1080/14693062.2023.2276857.

Garschagen, M., and Doshi, D. (2022). Does funds-based adaptation
finance reach the most vulnerable countries? Glob. Environ. Change
73, 102450. https://doi.org/10.1016/j.gloenvcha.2021.102450.

iScience 28, 114059, December 19, 2025

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

iScience

Dees, J.G. (2008). Philanthropy and Enterprise: Harnessing the Power of
Business and Social Entrepreneurship for Development. Innovations:
Technology, Governance, Globalization 3, 119-132. https://doi.org/10.
1162/itgg.2008.3.3.119.

Gautier, A., and Pache, A.-C. (2015). Research on Corporate Philan-
thropy: A Review and Assessment. J. Bus. Ethics 726, 343-369.
https://doi.org/10.1007/s10551-013-1969-7.

Lall, S.A., and Park, J. (2022). How Social Ventures Grow: Understanding
the Role of Philanthropic Grants in Scaling Social Entrepreneurship. Bus.
Soc. 61, 3-44. https://doi.org/10.1177/0007650320973434.

Seddon, N., Chausson, A., Berry, P., Girardin, C.A.J., Smith, A., and
Turner, B. (2020). Understanding the value and limits of nature-based so-
lutions to climate change and other global challenges. Phil. Trans. R. Soc.
B 375, 20190120. https://doi.org/10.1098/rstb.2019.0120.

Chausson, A., Turner, B., Seddon, D., Chabaneix, N., Girardin, C.A.J.,
Kapos, V., Key, l., Roe, D., Smith, A., Woroniecki, S., and Seddon, N.
(2020). Mapping the effectiveness of nature-based solutions for climate
change adaptation. Glob. Chang. Biol. 26, 6134-6155. https://doi.org/
10.1111/gcb.15310.

Nisbet, M.C. (2019). Climate Philanthropy and the Four Billion (Dollars,
That Is). Issues in Science and Technology 35, 34-36.

Giglio, S., Kelly, B., and Stroebel, J. (2021). Climate Finance. Annu. Rev.
Financ. Econ. 13, 15-36. https://doi.org/10.1146/annurev-financial-
102620-103311.

Williams, S., and Schaefer, A. (2013). Small and Medium-Sized Enter-
prises and Sustainability: Managers’ Values and Engagement with Envi-
ronmental and Climate Change Issues. Bus. Strategy Environ. 22,
173-186. https://doi.org/10.1002/bse.1740.

Oldham, S., and Spence, L.J. (2022). A typology of small- and medium-
sized supplier approaches to social responsibility. Business Ethics Env.
Resp. 31, 33-48. https://doi.org/10.1111/beer.12391.

Hampton, S., and Whitmarsh, L. (2024). Carbon capability revisited:
Theoretical developments and empirical evidence. Glob. Environ.
Change 87, 102895. https://doi.org/10.1016/j.gloenvcha.2024.102895.

Journeault, M., Perron, A., and Vallieres, L. (2021). The collaborative roles
of stakeholders in supporting the adoption of sustainability in SMEs.
J. Environ. Manage. 287, 112349. https://doi.org/10.1016/j.jenvman.
2021.112349.


https://www.imf.org/en/publications/wp/issues/2023/08/22/imf-fossil-fuel-subsidies-data-2023-update-537281
https://www.imf.org/en/publications/wp/issues/2023/08/22/imf-fossil-fuel-subsidies-data-2023-update-537281
https://doi.org/10.1016/j.techfore.2021.121378
https://doi.org/10.1080/20430795.2021.1917929
https://doi.org/10.1080/20430795.2021.1917929
https://doi.org/10.1016/j.jfineco.2021.01.010
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref204
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref204
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref204
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref204
https://doi.org/10.1016/j.enpol.2020.111337
https://doi.org/10.1016/j.enpol.2020.111337
https://www.ukfinance.org.uk/system/files/2024-05/UK%20Finance%20SME%20sustainability%20report_0.pdf
https://www.ukfinance.org.uk/system/files/2024-05/UK%20Finance%20SME%20sustainability%20report_0.pdf
https://www.ukfinance.org.uk/system/files/2024-05/UK%20Finance%20SME%20sustainability%20report_0.pdf
https://doi.org/10.59117/20.500.11822/43796
https://doi.org/10.1007/s10784-016-9342-9
https://doi.org/10.1007/s10784-016-9342-9
https://doi.org/10.1007/s10584-021-03190-1
https://doi.org/10.1080/14693062.2023.2276857
https://doi.org/10.1080/14693062.2023.2276857
https://doi.org/10.1016/j.gloenvcha.2021.102450
https://doi.org/10.1162/itgg.2008.3.3.119
https://doi.org/10.1162/itgg.2008.3.3.119
https://doi.org/10.1007/s10551-013-1969-7
https://doi.org/10.1177/0007650320973434
https://doi.org/10.1098/rstb.2019.0120
https://doi.org/10.1111/gcb.15310
https://doi.org/10.1111/gcb.15310
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref213
http://refhub.elsevier.com/S2589-0042(25)02320-X/sref213
https://doi.org/10.1146/annurev-financial-102620-103311
https://doi.org/10.1146/annurev-financial-102620-103311
https://doi.org/10.1002/bse.1740
https://doi.org/10.1111/beer.12391
https://doi.org/10.1016/j.gloenvcha.2024.102895
https://doi.org/10.1016/j.jenvman.2021.112349
https://doi.org/10.1016/j.jenvman.2021.112349

	Multiple roles of business for climate action
	Introduction
	Developing the multiple roles framework
	Five roles for business climate action
	Consumer
	Measurement
	Efficiency and behavior change
	Sustainable sourcing

	Enabler
	Innovation
	Circularity and sharing
	Middle actors and choice architects

	Influencer
	Upstream
	Sideways
	Downstream
	Internal

	Citizen
	Compliance and disclosure
	Community
	Governance

	Investor
	Direct investment and financing
	Philanthropy


	Discussion and conclusion
	Acknowledgments
	Declaration of interests
	References


