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Handling Editor: Mingzhou Jin The COVID-19 pandemic has affected supply and demand to a large extent. Declining demand for firms’ output

has caused significant financial stress for all kinds of firms worldwide. Production that requires environmental

Keywords: measures usually gets constrained when firms, especially small and medium-sized firms (SMEs), have difficulty in
](E:O\{ID-IQ accessing credit. Firms thus face the dilemma of whether to continue environmental behaviors or to fulfill
nvironment

financial commitments to suppliers, employees, and so on. As such, an empirical question is whether the eco-
. . nomic consequences of COVID-19 vary by firms’ types and their environmental behaviors. Using 4,888 sample
Environmental disclosure ) X ) N i
SMEs firms from 14 EU member states, this study finds evidence that the severity of damage caused by COVID-19
EU depends on firm size and whether firms invested in pollution abatement techniques. Specifically, eco-friendly
firms perform better during the COVID-19 pandemic, and SMEs are less vulnerable than large firms. In partic-
ular, eco-friendly SMEs are less affected by the pandemic than conventional SMEs and large firms. These findings
are probably related to the efficacy of government relief programs targeted to eco-friendly SMEs and/or the
healthy financial status of these firms prior to the pandemic.

Pollution prevention measures

1. Introduction

The outbreak of the COVID-19 pandemic has had an extreme effect
on the consumption of goods and services and has caused supply-side
disruptions (De Sousa Jabbour et al., 2020; Belhadi et al., 2021; Bro-
deur et al., 2021). It has resulted in tremendous financial stress for
different types of firms due to revenue reductions, raising the demand
for financial liquidity (Acharya and Steffen, 2020; Coibion et al., 2020;
Ding et al., 2021; Gu et al., 2020; Juergensen et al., 2020; Kraus et al.,
20205 Rizvi et al., 2020; Shen et al., 2020). The pandemic may also cause
shifts in firms’ environmental behaviors since green practices are subject
to financing access and the pandemic has caused credit shortages for
many firms (Andersen, 2017; Kim, 2015; Luo et al., 2012; Tian and Lin,
2019; Zhang and Vigne, 2021). Hence, the uncertainty induced by
economic crises increases social concerns about not only the economy’s
recovery but also its sustainable transition (He and Harris, 2020; Kat-
sikeas et al., 2016; Kim, 2015; Musa and Chinniah, 2016; Triguero et al.,
2013).

Firms’ environmental behaviors are important for fostering the
transition to a sustainable economy as well as increasing firms’ revenue

* Corresponding author.

gains (Ammenberg and Hjelm, 2003; Dean et al., 2000; Jain et al., 2017;
Leonidou et al., 2019; Przychodzen and Przychodzen, 2015). However,
previous studies provide ambiguous evidence of the direct causality
between environmental and financial performance. Other factors, such
as environmental regulations, business environment, and external
pressures, can also significantly affect corporate environmental prac-
tices (Katsikeas et al., 2016; Leonidou et al., 2016). A lack of economic
incentives for large and small firms might halt the transition to sus-
tainability, the consistency of which matters greatly to the success of a
green economy. Therefore, investigating whether eco-friendly firms
have more difficulty recovering from the pandemic provides significant
policy implications with respect to government relief programs.

While eco-friendly firms are likely to be more resilient to financial
risks due to their better business performance after green transitions
(Leonidou et al., 2019; Przychodzen and Przychodzen, 2015), the as-
sociation between risk and resilience may also depend on firm size.
Ahmadi and Bouri (2017) and Gjergji et al. (2021) find that smaller
firms have a higher risk of failing and take a longer time to recover when
facing business crises. The COVID-19 pandemic may raise the vulnera-
bility of small and medium-sized firms (SMEs) due to its repercussions
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on the business environment and financial pressure. For instance, the
disclosure of environmental performance increases capital costs for
SMEs, while overall business benefits tend to decline during the
pandemic (Gourinchas et al., 2020; Greenwood et al., 2020). This in-
creases the barriers for SMEs to be green. The environmental impacts of
SMEs can be huge, as SMEs are responsible for a large share of the
economic contribution (Brammer et al., 2012; Cernat et al., 2020; Del
Brio and Junquera, 2003). More than 90% of businesses in EU countries
are SMEs, and more than 60% of the workforce in the private sector is
employed by SMEs (Auzzir et al., 2018; Brammer et al., 2012; Hillary,
2004; Juergensen et al., 2020; Viesi et al., 2017). This highlights the
significance of SMEs’ green investment and environmental practices in
contributing to society’s sustainable transition (Baden and Prasad,
2016).

Firms’ environmental performance depends highly on external
pressures and government support (Blanchi and Noci, 1998; Del Brio
and Junquera, 2003; King and Lenox, 2000). In response to the
COVID-19 outbreak, governments worldwide have initiated many relief
programs to help firms recover from the pandemic and provide financial
support for sustainable practices (Dhahri et al., 2021; European Com-
mission, 2021; Li, 2020). For example, the EU has offered many relief
programs to stimulate economic recovery to mitigate the negative
consequences of COVID-19 on the firms’ green transition during the
pandemic (Dhahri et al., 2021; European Commission, 2021). Such
programs provide strong support to the life cycle of green products,
which would otherwise likely collapse due to firms’ discontinuous
technology development during the pandemic. This is particularly
important for the EU, which is the largest region that has proposed
legislation of a climate-neutral economy by 2050 in the current works.
One of the goals of creating such an economy is to reduce the negative
environmental impacts of firms on society (Brown and Rocha, 2020;
Cacciapaglia et al., 2020). However, few studies have investigated the
relationship between environmental attributes and firms’ recovery from
the pandemic, which can be an essential indicator of the necessity of
government relief programs in preventing the stagnation of sustainable
development.

This study examines the impact of COVID-19 on firms’ business
performance and investigates whether the severity of this impact de-
pends on firms’ environmental performance. Considering that different
types of firms experience financial stress and liquidity problems to
different degrees, we further test whether the severity of COVID-19’s
impact depends on firm size and its interaction with environmental
variables. Using data on sample firms from 14 EU member states
collected by the regular World Bank Enterprise Surveys and follow-up
surveys for the economic consequences of the COVID-19 pandemic,
we apply an ordinal logit model and a binary logit model for empirical
analysis. We find that eco-friendly firms are likely to be less affected by
the pandemic than conventional firms. In particular, eco-friendly SMEs
are less vulnerable than conventional SMEs and large firms. Our findings
add to the literature advocating government relief programs during the
crisis for eco-friendly firms, especially eco-friendly SMEs.

The rest of this paper is organized as follows: The hypotheses and
background on the studies of eco-friendly firms will be introduced in
Section 2. Section 3 will describe the data and models, followed by the
empirical results in Section 4. After the discussion of the results in
Section 5, the final section concludes this study.

2. Conceptualization

The impacts of COVID-19 on business performance may differ be-
tween eco-friendly and conventional firms. Eco-friendly firms are likely
to have better financial performance and easier access to financing than
conventional firms, significantly reducing the likelihood of being
severely affected by the pandemic. This section reviews previous studies
and shows the derivation of the hypotheses from the theoretical
framework.
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2.1. Context and hypotheses

Society’s environmental concerns have resulted in considerable
attention being given to corporate sustainable development practices,
which, accompanied by increasing green demand, incentivizes firms to
adopt green practices (Dhahri and Omri, 2018; King and Lenox, 2001;
Purvis et al., 2019; Rahdari and Rostamy, 2015; Roheim and Zhang,
2018; Simpson et al., 2004). Making environmental commitments can
be an economically viable option for cost-saving and
revenue-maximization (Katsikeas et al., 2016; Leonidou et al., 2016), in
line with stakeholder theory (Deng et al., 2013; Luo and Bhattacharya,
2009). According to this theory, a firm has extensive recognition of
environmental and other social responsivities through marketing efforts
and innovation when stakeholders are environmentally conscious,
leading to risk-reduction benefits and raising shareholder wealth.

However, investment in pollution prevention initiatives has a long
payback period that lowers the overall returns. Hence, while industry
growth can accelerate the depreciation of long-term investment in the
capital of pollution prevention and lower the costs of environmental
investment, the impacts of green behavior advocates are limited when
the green endeavor is not mandatory. Many studies have indicated that
the relationship between environmental and financial performance is
uncertain, and commitments to green behaviors are challenging as the
environmental and financial performance relationship is also affected by
many other factors, such as innovation ability, firm characteristics,
employee involvement, and firm size (Brammer et al., 2012; Earnhart
etal., 2014; Leonidou et al., 2019; Przychodzen and Przychodzen, 2015;
Rehman and Yu, 2021; Singh et al., 2020; Thakur and Mangla, 2019;
Treacy et al., 2019).

The various relations between environmental and financial perfor-
mance can be explained by Bromiley and Rau’s (2014) practice-based
view theoretical lens, which has been recently applied by Rehman and
Yu (2021) to assess eco-environmental performance. Different from a
resource-based view that focuses on a firm’s inimitable practices, a
practice-based view focuses on imitable practices, such as environ-
mental activities. Environmental activities are generally imitable and
transferrable across firms. Bromiley and Rau (2014) propose two effects
regarding the impact of imitable practices on firm performance, a
first-order effect and a second-order effect. The first-order effect is be-
tween firms adopting the imitable practices and those not adopting
them. The second-order effect depends on how firms implement those
practices, the interactions between those practices and other practices,
and the behavior of competitors. As such, firms’ innovation ability, firm
characteristics such as firm size and firm age, and location may affect the
environmental and financial performance relationship.

In addition to its impact on financial performance under stakeholder
theory and practical-based view theory, environmental performance
also affects firms’ access to finance under the asymmetry information
theory. Myers and Majluf (1984) indicate that financial institutions
generally require an adverse selection risk premium due to information
asymmetry between firms’ managers and outside investors. Stake-
holders’ environmental concerns highlight the increasing importance of
environmental information. Better environmental performance and
environmental disclosure overcome information asymmetry hence
addressing the agent problem due to increased transparency. The posi-
tive impact of environmental performance on access to finance and the
costs of debt is well documented in the literature (e.g., Wellalage and
Kumar, 2021; Zhang, 2021). Additionally, environmental investment is
seen as a future investment and may affect human capital and business
competition (Yang et al., 2019). Above all, eco-friendly firms are
probably more financially healthy, therefore, more likely to resist future
instability risks during economic crises.

The pandemic accelerates uncertainty in firms’ operating activities
and revenue, resulting in unstable environmental behaviors. Amank-
wah-Amoah (2020) and Mukanjari and Sterner (2020) find that the
impact of the pandemic on firms’ environmental performance varies by
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firms’ financial status and their green needs, which are probably
attributed to firms’ different environmental behaviors. For example,
industries or firms with high energy-generated emissions tend to
implement energy-saving practices to address environmental concerns
(Marques et al., 2019; Trianni et al., 2013). Moreover, firms consider the
tradeoffs between capital flows and desired environmental performance
when deciding whether to implement pollution prevention measures
(Henderson and Millimet, 2007). These studies show that environmental
performance varies by firm depending on external factors. Hence,
testing the impacts of the exogenous shocks induced by the pandemic on
financial performance for eco-friendly and conventional firms provides
rigorous evidence of the nexus between environmental and financial
performance.

There are different evaluation methods for environmental perfor-
mance related to emissions, environmental disclosure, or environmental
performance indices (Tian and Lin, 2019). While technological devel-
opment has highly contributed to increasing resource productivity and
the efficiency of resource and energy use (Fujii et al., 2013; Heikkurinen
et al., 2019; Leonidou et al., 2019; Marques et al., 2019), information
revelation to consumers is vital to stimulate the demand for green
products. The degree of information accessibility of environmentally
friendly behaviors is represented by environmental disclosure. Unlike
pollution prevention measures, environmental disclosure is generally
voluntary, with the content and scope of the disclosure being decided by
firms. Therefore, the level of environmental disclosure highly depends
on firms’ choices (Ahmadi and Bouri, 2017; Guidry and Patten, 2012;
Patten, 2002). Firms with poor environmental performance may be
under societal pressures and undertake environmental disclosure (Doan
and Sassen, 2020). Therefore, the impacts of COVID-19 may differ across
firms depending on whether they adopt pollution prevention measures
or environmental disclosure. Moreover, firms adopting both pollution
prevention measures and environmental disclosure may respond
differently to the pandemic compared to firms with a low level of
environmental activities.

To test the impact of COVID-19 on eco-friendly firms regarding
environmental measures and environmental disclosure, we first posit
the following hypotheses (stated as an alternative to their null):

Hypothesis 1. Firms with environmental measures have a low prob-
ability of being severely affected by COVID-19.

Hypothesis 2. Firms with environmental disclosure have a low prob-
ability of being severely affected by COVID-19.

To test the joint effect of the environmental measures and the envi-
ronmental disclosure, we derive the third hypothesis as follows (stated
as an alternative to its null):

Hypothesis 3. There is a joint impact of environmental measures and
environmental disclosure on firms’ probability of being severely affected
by COVID-19.

2.2. SMEs in sustainable transition

SMEs play significant roles in most European countries as well as
other countries. However, SMEs are perceived as small players in
achieving society’s goal of sustainability, and they are under-
emphasized in terms of their importance in fostering the sustainable
development of the economy (Del Brio and Junquera, 2003; Baden and
Prasad, 2016). One of the environmental challenges for SMEs is their
commitment to comply with eco-friendly behaviors, which is commonly
found to be weak without mandatory regulations (Leonidou et al., 2016;
Lynch-Wood and Williamson, 2014; Tilley, 2000; Williamson and
Lynch-Wood, 2001). Also, many SMEs lag in their adoption of envi-
ronmentally friendly behaviors, as they are more flexible in response to
environmental challenges compared to large companies (Brammer et al.,
2012; Masurel, 2007). Understanding the barriers that prevent SMEs
from following environmental practices in normal situations and during
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the pandemic will provide supportive information about establishing
effective government support programs to improve SMEs’ eco-friendly
behaviors and thus foster society’s green transition.

The challenges for SMEs to be green are mainly attributable to
financial factors. SMEs are generally constrained by access to financing
due to a lack of good credit of fixed assets for collateral (Huang et al.,
2019; Zhang, 2022). Financing requirements are even higher for SMEs
with capital investment in environmental technologies (Tian and Lin,
2019). This increases business risks and undoubtedly lowers SMEs’ rate
of commitment to sustainable practices. Also, many SMEs lack aware-
ness in this area and fail to see the economic benefits and future increase
in resilience to risks that a green transition would provide (Beliaeva
et al., 2020; Marques et al., 2019; Revell and Blackburn, 2007; Trianni
et al., 2013). Hence, many SMEs give less value to their environmental
reputation and are less likely to reveal environmental performance in-
formation to the public compared to large firms (Agan et al., 2013;
Chaklader and Gulati, 2015; Gjergji et al., 2021; Graafland, 2018; Leo-
nidou et al., 2019; Lin et al., 2019; Petitjean, 2019). Commonly occur-
ring obstacles in real business also add pressures on SMEs complying
with green practices, such as unclear obligations for staff in SMEs to
conduct eco-friendly behaviors, and different attitudes of managers in
SMEs due to a disparity between expectations and perceived environ-
mental outcomes (Leonidou et al., 2016; Lynch-Wood and Williamson,
2014). In most cases, the most efficient way to implement environ-
mentally friendly programs in SMEs is to impose regulation pressures
(Gjergji et al., 2021; Leonidou et al., 2016, 2019; Moore and Manring,
2009). This highlights the importance of government relief programs to
support eco-friendly firms during the pandemic when business perfor-
mance is severely affected. As Kraus et al. (2020) point out, many SMEs
are likely to have a weak willingness to achieve environmental perfor-
mance, as there are many unexpected challenges due to the COVID-19
pandemic.

This study further investigates the impacts of environmental mea-
sures and environmental disclosure on SMEs’ performance during the
pandemic. We apply each of the three hypotheses above to SMEs and test
the different impacts of COVID-19 on eco-friendly SMEs, conventional
SMEs, and large firms.

3. Data and model
3.1. Data sources

The sample countries include 14 EU member states, namely Bulgaria,
Croatia, the Czech Republic, Greece, Hungary, Italy, Poland, Latvia,
Lithuania, Poland, Portugal, Romania, Slovakia, and Slovenia. The firm-
level data of these countries collected by the World Bank Enterprise
Surveys in 2019 cover firms in the service and manufacturing sectors
(https://www.enterprisesurveys.org). The service and manufacturing
sectors’ value-added makes up a large portion of the total economy
(Viesi et al., 2017), and the financial stress of firms in these countries is
increasingly high during the pandemic (Gourinchas et al., 2020). The
World Bank defines firms having up to 99 employees as SMEs. A
follow-up survey for firms covered in the regular Enterprise Surveys was
conducted during the second half of 2020, providing references on the
economic consequences of COVID-19. We combine the regular and
follow-up survey data to evaluate how environmental activities and firm
characteristics affect the severity of COVID-19’s impact. In the sample,
the average response rate of follow-up surveys in these 14 countries is
about 80%, and the total number of valid observations is 4,888. Here, we
delete observations with missing values to alleviate dataset contami-
nation. Table 1 and Table Al in the Appendix report the sample distri-
bution by country and industrial sector.

Government mandates such as travel restrictions and lockdowns,
which highly depend on the COVID-19 cases, can severely affect firm
performance during the pandemic. Accordingly, we collected the
numbers of COVID-19 cases in sample countries from the World Health
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Table 1
Sample distribution by sector.
ISIC  Description No. per cent
15 Food and including tobacco (ISIC 16) 643 13.2%
17 Textiles 86 1.76%
18 Garments 189 3.87%
19 Leather 51 1.04%
20 Wood 123 2.52%
21 Paper 58 1.19%
22 Publishing, printing, and Recorded media 102 2.09%
23 Refined petroleum product and including chemicals 92 1.88%
(ISIC 24)
25 Plastics & rubber 162 3.31%
26 Non metallic mineral products 113 2.31%
27 Basic metals 62 1.27%
28 Fabricated metal products 570 11.66%
29 Machinery and equipment 468 9.57%
30 Office machinery and including electronics (ISIC 31), 146 2.99%
communication (ISIC 32), precision instruments (ISIC
33)
34 Motor vehicles and including other transport 114 2.33%
equipment (ISIC 35)
36 Furniture 156 3.19%
37 Recycling 52 1.06%
45 Construction Section F 383 7.84%
50 Services of motor vehicle 217 4.44%
51 Wholesale 335 6.85%
52 Retail 869 17.8%
55 Hotel and restaurants: section H 293 5.99%
60 Transport Section I: (60-64) 273 5.59%
72 IT 143 2.93%
sum 4,888  100%

Notes: ISIC represents the International Standard of Industrial Classification
codes.

Organization and merged them with the survey data by survey date and
country.

3.2. Identifying eco-friendly firms

In the World Bank Enterprise Surveys, firms reported whether they
invested in energy efficiency measures and ten environmentally friendly
measures (see Table A2 in the Appendix). The survey data also revealed
whether firms completed an external audit of their environmental per-
formance, such as energy consumption, water usage, CO, emissions, and
other pollutants (see Table A2 in the Appendix). Firms seek ways to
improve energy efficiency and reduce emissions with pollution abate-
ment capital, which is further revealed in environmental disclosure. In
this study, two variables representing environmental performance are
defined below:

Measures — | L if ﬁr{ns take measures with any type
0 otherwise
and.
Disclosure — 1 if ﬁr(ns take disclosure with any type
0 otherwise

We tabulated firm distribution according to the values of Measures
and Disclosure below:

Disclosure = 1 Disclosure = 0

Measures = 1 689 3257
Measures = 0 34 908

As shown in the table, only 14.1% of firms that invested in pollution
abatement measures issued an external audit of their environmental
performance; 66% of firms that invested in pollution abatement mea-
sures did not provide environmental disclosures. To test the joint impact
of Measures and Disclosure, we created three variables: Measures-Only for
firms with Measures = 1 and Disclosure = 0; Disclosure-Only for firms with
Measures = 0 and Disclosure = 1; Measures & Disclosure for firms with
Measures = 1 and Disclosure = 1. For these dummies, the base is firms
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with Measures = 0 and Disclosure = 0.

3.3. Econometric models

In this study, the vulnerability of firms during the pandemic is
measured by the time required for them to recover to the normal sales
level. The relevant survey question is, “In how many months is it ex-
pected that this establishment’s sales will get back to normal?” Among
the sample firms, 41.3% answered ‘Current sales are as normal,” 11.4%
answered ‘Never,” and the rest of the firms reported the number of
months in the range between 1 and 60. As such, we created an ordinal
variable, Impact, with four categories:

‘No impact’ — For firms that reported: ‘Current sales are as normal.’
‘Minor’ — For firms that reported a certain number of months for
recovery that was less than the average of the numeric answers.
‘Moderate’ — For firms that reported a certain number of months for
recovery that was greater than the average of the numeric answers.
‘Severe’ — For firms whose sales will never get back to their pre-
pandemic level.

The ordinal logit model estimates a score, denoted as S, which is a
linear function of environmental variables and control variables:

n 13 23
S_ordinal; = a) Environment; + Z o Xei + Z dyCountryy; + Z eiSectory;
=1 =1 =1

+U
@

where i denotes the ith firm in the cross-section, X s represent the control
variables, and U; is the error term. The dummy variables for countries
(Country) and industrial sectors (Sector) control for heterogeneity in
these two dimensions. There are three ordinal models depending on the
use of the environmental variables, namely Model A with Measures,
Model B with Disclosure, and Model C with interaction terms between
them.

The ordinal logit model estimates three cutpoints (intercepts ac-
cording to the comparison between the four categories: ‘No impact,’
‘Minor,” ‘Moderate,” and ‘Severe’). These cutpoints serve as thresholds of
the choices between lower categories and higher ordinal categories.
Take the choice of ‘No impact’ and ‘Minor’ as an example. The predicted
probability is estimated as:

Pr(S_ordinal='No Impact ) =Pr(S + U < cutpoint1) 2)

Pr(S_ordinal="Minor ) = Pr(cutpoint1 < S+ U < cutpoint2) 3)

This means the impact of COVID-19 belongs to the first ordered
category (‘No Impact’) if S+ U < cutpointl, and the choice belongs to
the second category (‘Minor’) if cutpointl < S+ U < cutpoint2.

To perform a robustness check, we transform the ordinal impacts of
COVID-19 into a binary dummy variable:

0 or'No Impact and 'Minor

Impact = { 1 fo):“ 'Moderafe' and'Severe

To estimate the impacts of environmental performance on business
recovery measured as a binary dummy, a binary logit model is applied,
which is specified as follows:

n 13 23
Z; = ay + a,Environment; + Z Xy + de Country,; + Z eSectory;
k=1 k=1 k=1
+ U;

4)
where Z; is the logarithmic odds ratio between lower impact (‘No

impact’ and ‘Minor’) and higher impact (‘Moderate’ and ‘Severe’). Three
logit models are applied to provide consistent references with the
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ordinal logit models, namely Model D with Measures, Model E with
Disclosure, and Model F with interaction terms between them.

The control variables are identified based on data availability and
the literature (Gourinchas et al., 2020; Li, 2020). The government pre-
vention measures depend on the number of confirmed COVID-19 cases
and negatively affect consumption and production. The spread of
COVID-19 and government prevention measures vary according to the
size of the city where firms are located. Hence, the number of COVID-19
cases (Cases) and the location of firms (Location) with respect to popu-
lation density are included in the regression equations. As discussed
above, SMEs may lack liquidity and are more vulnerable during the
crisis, and SMEs are commonly in the early stage of their business life
and have not accumulated earnings for risk management. Hence, we
include the firm size (SME) and age of firms (Age) in the model. More-
over, labor-intensive firms are difficult to effectively adjust their oper-
ations in response to lockdowns. In general, labor-intensive firms are
more likely to be constrained by access to credit. Additionally, the
pandemic triggers liquidity issues more often for firms that were con-
strained by access to credit before the pandemic. As such, dummies for
labor-intensive firms (Labor) and credit-constrained firms (Credit-Con-
strained) are incorporated into the models. Firms with a better financial
performance in previous years, represented by Sales, may resist the
economic consequences of the pandemic. Table 2 demonstrates the
definitions of variables and their descriptive statistics.

4. Empirical results

This section presents the findings from the ordinal and binary logit
models and compares the impacts of COVID-19 on small and large firms
and on eco-friendly and conventional firms.

4.1. Estimation results of the ordinal logit models

Table 3 reports the estimation results of three ordinal logit models. In
Models A, B, and C, the estimates of cutpoints indicate that there is a
significant difference between ‘No Impact’ and ‘Minor’ and between
‘Minor’ and ‘Moderate.” However, the variation is insignificant between

Table 2
Definitions of variables and descriptive statistics.
Variable Definition Mean SD
Impact Impact of COVID-19, ordinal variable with 4
categories in the ordinal logit model and
binary variable in the logit model.
Measures =1 for firms with any type of measures, and  0.807  0.394
0 otherwise.
Disclosure =1 for firms with any type of environmental ~ 0.148  0.355
disclosures, and 0 otherwise.
Measures-Only =1 for firms with Measures = 1 and 0.666  0.472
Disclosure = 0, and 0 otherwise.
Disclosure-Only =1 for firms with Disclosure = 1 and 0.007  0.083
Measures = 0, and 0 otherwise.
Measures & =1 for firms with Measures = 1 and 0.141 0.348
Disclosure Disclosure = 1, and 0 otherwise.
Sales Firms’ sales reported in the regular surveys, 13.75  2.527
in Euro and logarithm.
Labor Labor cost/cost of sales. 0.602  0.297
Credit- = 1 for credit-constrained firms, and 0.087 0.281
Constrained 0 otherwise.
SME = 1 for SMEs, and 0 otherwise. 0.786 0.410
Age Firm age in years and logarithm. 2.948  0.657
Cases Total COVID-19 cases per 100,000 308 216

population until the survey date

=1 for firms in the location with population  0.524  0.499
less than 50,000.

=1 for firms in the location with population  0.267  0.442
between 50,000 and 250,000

=1 for firms in the location with population  0.132  0.339
between 250,000 and 1 million.

Location-Small

Location-
Medium
Location-Large
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Table 3
Estimation results of the ordinal logit models.
Variable Model A Model B Model C
Measures —0.2077 el
[0.0721]
Disclosure 0.0444
[0.0800]
Measures-Only —0.2233 il
[0.0740]
Disclosure-Only —0.0821
[0.3437]
Disclosure & Measures —0.1387
[0.1013]
Sales —0.1124 i —0.1194 i —0.1151 el
[0.0216] [0.0218] [0.0218]
Labor 0.0151 0.0061 0.0164
[0.1345] [0.1345] [0.1348]
Credit-Constrained 0.1794 * 0.1871 * 0.1785 *
[0.0971] [0.0970] [0.0973]
SME -0.1739 o —0.1704 * —0.1686 *
[0.0881] [0.0883] [0.0883]
Age 0.0964 i 0.0927 0.0951
[0.0427] [0.0427] [0.0427]
Cases 0.0007 * 0.0007 * 0.0007 *
[0.0004] [0.0004] [0.0004]
Location-Small —0.1948 * —0.1963 * —-0.1974 *
[0.1163] [0.1163] [0.1164]
Location-Medium 0.0465 0.043 0.0431
[0.1156] [0.1157] [0.1157]
Location-Large —0.0645 —0.0509 —0.0669
[0.1301] [0.1300] [0.1303]
No impact | Minor —2.4261 wak o -2.373 el —2.4619 kel
[0.4118] [0.4122] [0.4135]
Minor | Moderate —1.0552 o —1.004 o —1.0909 o
[0.4107] [0.4112] [0.4124]
Moderate | Severe 0.2208 0.2704 0.1853
[0.4112] [0.4117] [0.4129]
Country effects Yes Yes Yes
Sector effects Yes Yes Yes
Pseudo R? 0.056 0.0554 0.0561
Observations 4,888 4,888 4,888

Notes: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors are in brackets.
Dependent variable refers to the ordinal impacts of COVID-19 with 4 categories:
‘No impact’, ‘Minor’, ‘Moderate’, and ‘Severe’.

‘Moderate’ and ‘Severe.” The impact of COVID-19 on sales (for example,
from ‘No Impact’ to ‘Moderate’) relies on the estimated cutpoints. Take
Model A as an example. The impact of COVID-19 would be minor or
more severe (rather than ‘No Impact’) if S + U > —2.43. The impact
belongs to the second category (‘Minor’) if —1.06 > S + U > —2.43. The
insignificant cutpoint between ‘Moderate’ and ‘Severe’ implies that the
environmental variables and other control factors do not cause a sig-
nificant difference between the moderate and severe impacts of COVID-
19.

From the regression results of Model A, we notice that firms with eco-
friendly measures are less likely to be negatively affected by the
pandemic than conventional firms, indicating the failure to reject Hy-
pothesis 1. The estimation results of Model B show that environmental
disclosure is not a significant factor influencing firms’ performance
during the pandemic, suggesting the rejection of Hypothesis 2. This
finding is consistent with the study of Doan and Sassen (2020), who find
that poor environmental performers may increase their level of envi-
ronmental disclosure to alleviate societal pressures. In Model C, the
stand-alone Disclosure and its interaction with Measures are insignificant;
however, Measures-Only in Model C is firmly significant. As such, we
further reject Hypothesis 3 of a joint effect of pollution prevention
measures and environmental disclosure.

For control variables, the results are consistent in Models A, B, and C.
This shows that an increasing number of COVID-19 cases result in the
negative business performance of firms. Firms with lower probabilities
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of being severely affected by COVID-19 include those with great sales in
previous years, SMEs, and younger firms. Firms in small cities are less
significantly affected by COVID-19, probably due to less restrictive
prevention measures in those places. Also, labor cost structure does not
significantly affect the business performance of firms during the COVID-
19 pandemic. This is not surprising as Chrisman et al. (2017) find that
the causal relationship between labor productivity and financial per-
formance varies by firm and industry.

Based on the estimations of Model A, we further calculate the pre-
dicted probabilities of being severely impacted by COVID-19 for SMEs
(Fig. 1) and large firms (Fig. 2). For brevity, we aggregate the ordinal
variable, Impact, into two groups: less severe impact for ‘No impact’ and
‘Minor’ and more severe impact for ‘Moderate’ and ‘Severe.” As shown in
Fig. 1, for all 24 sectors, conventional SMEs are more likely to be
severely affected by the pandemic than eco-friendly SMEs. On average,
the probability of being severely affected by the pandemic is 35.67% for
conventional SMEs, while this number drops to 28.32% for eco-friendly
SMEs. In addition, the consequences of the pandemic vary significantly
between manufacturing and service industries. For SMEs, the probabil-
ity of being severely affected by the pandemic for manufacturing is
much smaller than that for the service industry (34.5% versus 39.2 for
the conventional SME group and 26.7% versus 33.7% for the eco-
friendly SME group). In the group of large firms, ISICs 21 and 22
consist of only eco-friendly large firms. Of the 22 sectors with both
conventional and eco-friendly large firms, there are 18 sectors in which
conventional large firms are more likely to be severely affected by the
pandemic than eco-friendly large firms. Additionally, the probability of
being severely affected by COVID-19 is marginally greater for SMEs than
for large firms (28.32% versus 27.28%). For this comparison, we assume

15 17 18 19 20 21
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the same impact of environmental performance on financial perfor-
mance regardless of firm size. We will test this assumption below.

4.2. Estimation results of the binary logit models

Table 4 shows the estimation results of the binary logit models,
reporting the marginal effects and robust standard errors.

Many results in the binary logit models are consistent with those in
the ordinal logit models. It shows that environmental measures (Mea-
sures) significantly affect the risk of being affected by the pandemic. Eco-
friendly firms have a 4.63% lower probability of being severely affected
by COVID-19 than conventional firms, and firms with only measures are
at 4.94% less risk of being severely affected by COVID-19 than firms
without any environmental behaviors (the base). For SMEs, the proba-
bility of being severely affected by the pandemic is about 4.7% lower
than that for large firms. However, the number of COVID-19 cases and
credit constraints have insignificant impacts in the binary logit models,
suggesting a poor model fit for sample data. The logit model considers a
dichotomous impact of COVID-19, while the ordinal model includes four
categories that may capture COVID-19’s impact more accurately.

4.3. Robustness checks

The robustness of the estimation results is checked by controlling for
endogeneity, subsample analysis, and especially an alternative model
specification with regard to the intersection between environmental
performance and firm size. First, for Models A-F, we estimate the robust
and country-level clustered standard errors. The significant levels of the
environmental variables and most of the control variables are consistent

52 55 60 72

01

01 01 01 01 01 01 01 01 01 O1 01

Eco-friendly SMEs = 1; Conventional SMEs = 0

Impact of COVID-19 . No impact or Minor - Moderate or Severe

Fig. 1. Estimated probabilities of the COVID-19 impact on SMEs by environmental performance and industrial sector.

Notes: See Table 1 for the definitions of ISIC sectors.
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Eco-friendly large firms = 1; Conventional large firms = 0

Impact of COVID-19

No impact or Minor - Moderate or Severe

Fig. 2. Estimated probabilities of the COVID-19 impact on large firms by environmental performance and industrial sector.

Notes: See Table 1 for the definitions of ISIC sectors.

with those in the main results.

In our models, some unobserved factors may affect both firms’
environmental behavior and the economic consequences of COVID-19,
indicating an endogeneity issue. Since the environmental variables
(Measures and Disclosure) are dummy variables, we use a control func-
tion (Wooldridge, 2015) to test endogeneity. We first estimate a logit
model for Measures (Disclosure) and then incorporate the predicted
probability into Models A and D (Models B and E). The coefficient of the
predicted probability tests for the null hypothesis of no endogeneity. The
control function approach needs instrumental variables for identifica-
tion. We follow Wellalage and Kumar (2021) and use the
locality-industry average of environmental performance as an instru-
ment of firm-level environmental performance. The test results indicate
the rejection of the endogeneity at the above 0.10 level of significance.

Our sample is composed of high-polluting heavy industry, light in-
dustry, and service industry. The light industry and service industry are
probably different from heavy industry regarding the amounts of envi-
ronmental investments required to meet environmental regulations. We
further conduct subsample analysis by excluding high-polluting heavy
industry from the sample and re-estimate Models A-F. The estimation
results, unreported for brevity, indicate that for either Models A-C or
Models D-F, the coefficients of Measures and Measures-Only are signifi-
cant with a magnitude marginally greater than their counterparts in the
main results. Therefore, our original test results for the hypotheses
remain intact.

Finally, to test whether eco-friendly SMEs are more vulnerable dur-
ing the pandemic than conventional SMEs or large firms, we expand
Models A and D (with Measures) by including three interaction dummies:
Eco-Friendly-SME for SMEs investing in pollution prevention measures,

Conventional-SME for SMEs not investing in pollution prevention mea-
sures, and Eco-Friendly-Large for large firms investing in pollution pre-
vention measures. These dummies compare to the base, the large firms
not investing in pollution prevention measures. Table 5 reports the
estimation results.

As shown in Table 5, there is no significant difference in firms’ re-
sponses to the pandemic between conventional SMEs and conventional
large firms (the base) in both models. It is also shown that eco-friendly
SME:s are less likely to be severely affected by COVID-19 than conven-
tional large firms (the base) and conventional SMEs. In the logit model
analysis, the probability of being severely affected by COVID-19 for eco-
friendly SMEs is about 10% less than that for conventional SMEs.
Moreover, in the ordinal logit model analysis, eco-friendly SMEs are the
least vulnerable firms during the pandemic compared to both eco-
friendly and conventional large firms. Overall, the robustness check
verifies the results of the initial models and validates the credibility of
the ordinal logit model compared to the binary logit model.

5. Discussions

Using the World Bank Enterprise Surveys for sample firms in 14 EU
member states, this study evaluates the severity of COVID-19’s impact
on firm performance and whether environmentally friendly firms are
more vulnerable during the pandemic. In particular, we focus on SMEs.
SMEs’ environmental practices depend on their financial status, which
could become extremely poor due to the interruption and reduction in
operational activities, caused by government mandates during the
pandemic for safety, such as cross-border closures and lockdowns. The
economic consequences of COVID-19 are investigated by the survey
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Table 4
Estimation results of the binary logit models.
Variable Model D Model E Model F
Measures —0.0462 b
[0.0182]
Disclosure —0.0068
[0.0201]
Measures-Only —0.0494 ok
[0.0182]
Disclosure-Only —0.0792
[0.0657]
Disclosure & Measures —0.0414
[0.0233]
Sales —0.0234 Rk —0.0244 R —0.0234 e
[0.0053] [0.0054] [0.0054]
Labor —0.0008 —0.0007 0.0012
[0.0327] [0.0327] [0.0328]
Credit-Constrained 0.0181 0.0219 0.0191
[0.0242] [0.0244] [0.0243]
SME —0.0465 o —0.0474 i —0.0464 i
[0.0232] [0.0233] [0.0233]
Age 0.0254 0.0252 i 0.0256 i
[0.0108] [0.0108] [0.0108]
Cases 0.0001 0.0001 0.0001
[0.0001] [0.0001] [0.0001]
Location-Small —0.0438 * —0.0427 —0.0431
[0.0273] [0.0273] [0.0273]
Location-Medium —0.016 —0.0147 —0.0153
[0.0265] [0.0266] [0.0266]
Location-Large —0.0316 —0.0277 —0.0311
[0.0287] [0.0289] [0.0287]
Country effects Yes Yes Yes
Sector effects Yes Yes Yes
Pseudo R? 0.0744 0.0734 0.0747
Observations 4,888 4,888 4,888

Notes: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors are in brackets.
Dependent variable is a dummy, Impact, which equals 1 for ‘Moderate’ or ‘Se-
vere’, and 0 for ‘No impact’ or ‘Minor’.

question: “In how many months will the firm’s sales get back to
normal?”

We identify eco-friendly firms according to whether they implement
pollution prevention measures and whether they issue environmental
disclosure. These environmental practices improve firm reputation,
increasing the demand of customers with environmental concerns
(Dhahri and Omri, 2018; Purvis et al., 2019) and making access to bank
loans easier due to low environmental risk (Zhang, 2021). In addition,
the benefits of pollution prevention measures depend on the
input-output conversion and the business cycle. The pandemic may
change the consumption pattern and the preferences for green products
and collapse a technology’s life cycle, resulting in a lower prospective
return on environmental investment. Previous studies have also docu-
mented that SMEs have different environmental behaviors regarding
pollution prevention measures and environmental disclosure, which
further alters the relationship between environmental and financial
performance (Brammer et al., 2012; Masurel, 2007). Above all,
eco-friendly SMEs may respond to COVID-19 in a different way
compared to conventional SMEs and large firms.

COVID-19’s impact on firm performance is estimated by an ordinal
logit model (for the ordinal measure of the impact with four categories)
and a binary logit model (for a dichotomous measure of the impact). Our
results from the ordinal logit model show that investment in pollution
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Table 5
Estimation results of ordinal logit model and logit model with interactions be-
tween firm size and Measure.

Variable Ordinal logit model Logit model
Eco-Friendly-SME —0.4446 sk —0.1007
[0.1659] [0.0404]
Conventional-SME —0.2523 —0.0531
[0.1740] [0.0369]
Eco-Friendly-Large —0.2859 —0.0532
[0.1664] [0.0356]
Sales —0.1121 bl —0.0234 ok
[0.0216] [0.0053]
Labor 0.0129 —0.001
[0.1345] [0.0327]
Credit-Constrained 0.1781 * 0.0179
[0.0971] [0.0243]
Age 0.0963 o 0.0254 i
[0.0427] [0.0108]
Cases 0.0007 0.0001
[0.0004] [0.0001]
Location-Small —0.1974 * —0.0439 *
[0.1164] [0.0273]
Location-Medium 0.0445 —0.016
[0.1156] [0.0265]
Location-Large —0.0681 —0.0318
[0.1302] [0.0287]
No impact | Minor —2.4942 o
[0.4306]
Minor | Moderate —1.1233 o
[0.4296]
Moderate | Severe 0.1528
[0.4299]
Country effects Yes Yes
Sector effects Yes Yes
Pseudo R? 0.0559 0.0751
Observations 4,888 4,888

Notes: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors are in brackets.

control measures reduces the probability of being severely affected by
COVID-19, and that SMEs are expected to recover from the pandemic
much faster than large firms. Environmental disclosure does not affect
the severity of COVID-19 damage, and there is no joint effect of the
environmental variables. The estimation results from the binary logit
model verify that SMEs and firms that invest in pollution abatement
measures are less likely to be severely affected by the pandemic. We
further test whether the impact of environmental performance (repre-
sented by pollution abatement measures) on the economic consequences
of COVID-19 depends on firm size by incorporating the interaction terms
between firm size and environmental performance into the model
specifications. The estimation results from the ordinal and binary logit
models indicate that eco-friendly SMEs have a substantially smaller
probability of being severely affected by COVID-19 than conventional
SMEs and eco-friendly and conventional large firms.

There are several possible explanations for the estimated results.
Firstly, revenue reduction induced by COVID-19 distrains firm liquidity
for all kinds of firms. Eco-friendly firms, especially eco-friendly SMEs,
are generally constrained by access to credit due to the lack of collateral,
which may worsen the economic consequences of the pandemic. How-
ever, eco-friendly SMEs may have a lower environmental risk, raising
the probability of being granted bank loans. The rejection of the hy-
pothesis indicates that eco-friendly SMEs may not have been constrained
by credit access before the pandemic. Our sample firms are from EU
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member states, which are high-income countries with a high degree of
financial development. Moreover, the EU’s target of a climate-neutral
economy may force member states to remove financing barriers to
green practices for SMEs.

Secondly, eco-friendly SMEs may have a better financial perfor-
mance, which alleviates the liquidity pressure, especially at the earlier
stage of the pandemic. The economic benefits of green practices depend
on the demand for green products, customers’ willingness to pay for a
price premium of those products, and the marginal cost of the green
content relative to the price premium. Compared to eco-large firms,
SMEs are more likely to adopt proactive environmental practices in
response to customer demand, leading to a desirable payback of the
environmental costs. On the other hand, large firms need to invest more
in pollution abatement technologies, which may not bring enough extra
revenue from environmentally conscious customers, at least in the short
run.

Finally, our sample firms are from EU member states. In response to
the COVID-19 outbreak, the EU government has initiated a range of
credit programs to mitigate the impact of COVID-19. Given the impor-
tant role that SMEs play in sustainable economic development and the
vulnerability of eco-friendly SMEs, governments may prioritize eco-
friendly SMEs when designing relief programs. Eco-friendly SMEs with
credit support may perceive a small negative impact of COVID-19 on
their financial performance.

6. Conclusion

COVID-19 may seriously hinder the transition to a sustainable
economy by interrupting environmental practices for all kinds of firms.
Its impact on SMEs’ environmental behaviors can be even more severe
since SMEs are normally young, have not yet accumulated earnings for
risk management, and have limited access to credit. However, eco-
friendly SMEs may benefit from their environmental behaviors
regarding access to finance and business competition, mitigating the
negative impact of the COVID-19 pandemic. In addition, small firms are
likely to adjust operations in response to market shocks more quickly
than large firms. This paper attempts to assess the extent to which firm
size and environmental activities are associated with the severity of
COVID-19’s impact on firms’ financial performance. In other words, we
investigate whether eco-friendly SMEs are less vulnerable during the
COVID-19 pandemic than conventional SMEs and large firms. To answer
these questions, we conduct empirical analyses using the World Bank
Enterprise Survey data and the follow-up surveys on the economic
consequences of COVID-19, focusing on 14 EU member countries.

Our estimation results from various econometric models uncover
evidence that SMEs and eco-friendly firms are less likely to be severely
affected by the pandemic, and eco-friendly SMEs have a substantially
lower probability of being severely affected by COVID-19 than con-
ventional SMEs and all types of large firms. Our empirical findings can
probably be explained by eco-friendly SMEs’ healthy financial status
before the pandemic, noting that our sample firms are from EU member
states with a high level of financial development.

In this study, we derive our hypotheses from three theories: stake-
holder theory regarding the impact of environmental performance on
firm wealth, practice-based view regarding the relationship between
environmental and financial performance, and asymmetry information
theory regarding the impact of environmental performance on
financing. Based on these theoretical concepts, we conduct empirical
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analysis using the firm-level data and provide insights into these the-
ories’ propositions during the crisis. The summarized empirical results
above explain the impact of stakeholders’ environmental concerns on
the length of firm recovery from the pandemic. The significant impacts
of environmental performance and firm-specific variables on financial
performance align with the practice-based view. Moreover, environ-
mental performance’s risk-reduction benefits under asymmetry infor-
mation theory are probably stronger in the early stage of the pandemic
than in a normal situation.

Since COVID-19 is still ongoing, this study proposes several practical
suggestions to address the environmental concerns in the current crisis
and potentially other economic crises in the future. First, the vulnera-
bility of eco-friendly SMEs changes over time, and they are likely to
become more vulnerable later while they are currently in a good
financial condition. Therefore, government relief programs are impor-
tant for eco-friendly SMEs when an economic crisis occurs and the
business environment changes. Second, the efficacy of the current Eu-
ropean relief programs has been low and the bulk of the support has not
gone to the hardest-hit firms (Gourinchas et al., 2020). This study
identifies the risky firms, contributing to improving the efficacy of the
relief programs by targeting the firms in need. Third, consistent envi-
ronmental behaviors of SMEs in the EU represent one of the most
important elements influencing the EU’s climate-neutral strategy. The
evidence on the impact of the pandemic on eco-friendly SME:s facilitates
policymakers in evaluating the process of the transition to a sustainable
economy in the long run. Finally, from the firms’ perspective, the
investigation of firm-specific characteristics guides them in combining
environmental practice and other features to ensure firm performance
and resist potential instability risks during economic crises.

Researchers have assessed the impact of COVID-19 on SMEs in
Europe (Gourinchas et al., 2020) as well as in the US (Li, 2020) and
Asian countries (Islam et al., 2021). This study complements previous
research on the impact of COVID-19 on firms in Europe and especially
small EU state members. This study’s insights are likely to be applicable
to other firms in different regions. However, cases should be indepen-
dently discussed as national/regional disparities can result in significant
variations. The relationship between environmental and financial per-
formance and the impact of environmental performance on financing
depend on industry structure, market mechanisms, the level of economic
development, and intuitional factors, which may affect the impact of
COVID-19 on eco-friendly and conventional firms. Future research for
other regions can provide policy advice on improving the efficacy of
relief programs and improve the performance of eco-friendly firms,
particularly eco-friendly SMEs under the pandemic and other economic
crises.

CRediT authorship contribution statement

Dengjun Zhang: Writing — original draft, Conceptualization, Meth-
odology, Data curation, Investigation, Writing — review & editing.
Yingkai Fang: Writing — original draft, Conceptualization, Methodol-
ogy, Investigation, Writing — review & editing.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.



D. Zhang and Y. Fang

Appendix

Table Al
Sample distribution by country and industrial sector.
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1SIC Bulgaria Croatia Czech Estonia Greece Hungary Italy Latvia Lithuania Poland Portugal Romania Slovak Slovenia sum
15 64 31 41 14 98 79 50 14 11 30 70 65 53 8 643
17 7 3 7 4 6 7 4 0 3 2 11 8 4 3 86
18 11 6 1 11 5 9 5 4 9 20 71 14 5 0 189
19 5 1 0 2 1 4 3 0 1 1 5 7 2 0 51
20 8 6 2 7 4 7 4 17 16 2 15 6 5 4 123
21 4 2 0 2 8 5 1 2 1 2 1 3 2 4 58
22 6 4 3 4 5 6 7 7 3 5 8 10 7 5 102
23 8 10 8 1 13 5 7 3 0 0 4 5 2 3 92
25 13 9 18 2 15 12 3 3 2 24 11 6 9 10 162
26 11 4 7 2 6 4 4 3 2 3 25 6 5 5 113
27 2 3 2 0 4 2 6 0 2 0 2 3 5 4 62
28 18 19 61 15 73 88 51 5 8 26 73 75 18 12 570
29 42 16 57 6 18 69 55 2 4 15 83 51 15 6 468
30 10 5 15 7 5 14 6 5 2 6 19 9 7 6 146
34 1 4 11 1 3 12 6 3 0 2 22 7 5 3 114
36 8 6 10 13 9 4 7 6 7 24 15 10 1 0 156
37 0 1 0 1 0 0 0 0 1 9 1 0 1 1 52
45 25 32 23 46 35 24 16 24 14 18 11 29 17 24 383
50 19 9 3 8 12 22 9 11 11 22 15 9 10 217
51 11 39 33 12 35 25 17 13 13 7 19 22 19 19 335
52 52 75 40 48 111 90 53 28 58 14 67 63 82 36 869
55 7 27 16 18 41 20 15 8 15 1 24 10 22 14 293
60 25 21 14 20 12 20 7 10 13 6 7 21 16 21 273
72 1 5 11 2 5 5 4 3 3 2 1 10 11 8 143
Sum 358 338 383 246 524 533 340 171 199 226 587 455 322 206 4888
Notes: See Table 1 for the definitions of ISIC sectors.
Table A2
List of types of environmental disclosure and eco-friendly measures.
Measures and Disclosure per cent
Energy efficiency measures 38.7%
All environmental-friendly measures
Heating and cooling improvements 15.7%
More climate-friendly energy generation on site 51.1%
Machinery and equipment upgrades 30.2%
Energy management 54.6%
Waste minimization, recycling and waste management 15.0%
Air pollution control measures 19.4%
‘Water management 39.1%
Upgrades of vehicles 51.1%
Improvements to lighting systems 10.4%
Other pollution control measures 37.2%
External audit of energy consumption 12.2%
External audit of water usage 3.42%
External audit of CO, emissions 4.26%
External audit of other pollutants 2.09%
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