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1. Introduction

Environmental innovations (EI) form an important segment of environmentally
benign behavior in the corporate sector. Firms are traditionally considered the main
driving forces to tackle different aspects of environmental problems by implementing
EIl. EI can be defined as “organizational implementations and changes focusing on
the environment, with implications to companies’ products, manufacturing processes,
and marketing, with different degrees of novelty” (Angelo, Jabbour, Vasconcellos,
2012).

While the literature generally suggests that EI can enhance firms’ competitive advantage
and financial performance (FP) by improving resource efficiency, reducing costs, and
meeting evolving consumer preferences (Qiu, Hu, Wang, 2020; Xie, Huo, Qi, Zhu,
2016; Liao, 2018), empirical evidence on the relationship between EI and FP remains
inconclusive. Some studies indicate positive effects, while others report mixed or even
negative outcomes (Przychodzen, Leyva-de la Hiz, Przychodzen, 2019). Moreover, the
influence of firm characteristics on this relationship remains underexplored.

One such critical characteristic is firm size, which often serves as a proxy for
organizational resources, capabilities, and strategic priorities. Smaller firms are typically
more agile and adaptable to changes but may have limited resources for implementing
environmental initiatives. In contrast, larger firms may benefit from economies of scale
and possess greater capacity for long-term sustainability investments.

While extensive scholarly discourse surrounds the relationship between EI and firm
performance, the literature lacks comprehensive contextualization and empirical insights
into the influence of firm-specific characteristics on this relationship. Addressing this
gap, our study focuses on investigation of the moderating role of firm size in shaping
the relationship between EI and firm performance. Our main research question is: How
size of a firm affects the relationship between EIl and FP?

By considering the unique characteristics and contexts of different-sized firms, we
aim to provide nuanced insights into the relationship between environmental initiatives
and FP in the corporate sector. This study contributes to both theoretical advancements
and practical implications for policymakers, managers and stakeholders that aim to
introduce sustainable business practices in the face of environmental challenges.

2. Hypotheses Development

The evolution of perspectives of the relationship between EI and (FP) has been
significantly transformed over the past three decades. Initially, during the 1970s, social-
environmental innovations were often considered as detrimental to firms’ financial
well-being. Such innovations were long associated with additional labor and capital
expenditures providing no financial benefits to the firm.
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However, the emergence of Ecological Modernization Theory (EMT) and the resource-
based view theory challenged this idea, gradually shifting the perception of EI from
financial burden to direct contributors to financial success. EMT emphasizes the efficient
utilization of natural resources as essential for firm growth, while the resource-based
view theory posits that capabilities facilitating environmentally sustainable economic
activities are key to achieving competitive advantage (Hart, 1995).

Aligned with neo-classical economic principles, the implementation of El is seen as
the factor that enhances productivity by substituting for scarce natural resources, thereby
reducing production costs and waste disposal (Courvisanos, 2009). This perspective
is reinforced by the Porter hypothesis, which suggests that environmentally benign
innovations lead to improved firm performance, particularly in financial terms, through
increased production efficiency (Porter, Van der Linde, 1995).

Although the factors outlined above apply to firms in general, empirical evidence
reveals mixed results when assessing the relationship between EI and FP. While a large part
of the studies refers to the positive impact of EI on FP (Qiu, Hu, Wang, 2020; Andries,
Stephan, 2019; Xie, Huo, Qi, Zhu, 2016), many studies demonstrate negative (Duque-
Grisales, Aguilera-Caracuel, Guerrero-Villegas, Garcia-Sanchez, 2020; Przychodzen,
Leyva-de la Hiz, Przychodzen, 2019; Borsatto, Bazani, Amui, 2020) or ambiguous effects
(Hoang, Przychodzen, Przychodzen, Segbotangni, 2020; Bermudez-Edo, Hurtado
Torres, Ortiz-de-Mandojana, 2016; Yan, Cui, Gil, 2016). Firms vary significantly in
their environmental activities, influenced by their unique resources and capabilities.

Consistent with the prior research (Semenova, Semenov, Storchevoy, 2023; Andries,
Stephan, 2019) and the natural-resource-based view theory, we hypothesize that firm
size plays a moderating role in the EI-FP relationship and expect larger firms gain more
financial benefits from introducing EI. Firms possess unique bundles of resources that
can be sources of competitive advantage. Larger firms typically have greater access to
financial resources, technological capabilities, and personnel compared to smaller
firms. These resources enable larger firms to undertake more extensive and complex
environmental initiatives, such as pollution prevention programs or sustainable supply
chain management, which can positively impact FP. Conversely, smaller firms may
face constraints in implementing such initiatives due to limited resources.

Therefore, the resource-based view theory suggests that firm size plays a crucial role
in shaping the effectiveness of EI in driving financial outcomes. Smaller firms, with
limited resources and capabilities, may experience weaker benefits from EI compared
to larger firms, which are better equipped to undertake extensive and multi-dimensional
environmental projects.

Hypothesis 1. The size of a firm has a moderation effect on the relationship between EI
and FP.

Hypothesis 2. Financial-wise, smaller firms benefit less from EI than larger firms.

3. Data

First, we selected the measures for the primary variables of the study. Following
previous studies (Andries, Stephan, 2019; Leyva-de la Hiz, Ferron-Vilchez, Aragon-
Correa, 2018; Hoang, Przychodzen, Przychodzen, Segbotangni, 2020), we used so-
called green patents as the measure for firms’ environmental activism: “A green patent
is a patent on products or designs that provide environmental benefit, for example
patents that help decrease energy consumption or benefit the environment” (Hoang,
Przychodzen, Przychodzen, Segbotangni, 2020). As the measure of firms’ FP, we used
the return on assets (ROA) values following (Aguilera-Caracuel, Ortiz-de-Mandojana,
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2013; Wu, 2017; Duque-Grisales, Aguilera-Caracuel, Guerrero-Villegas, Garcia-Sanchez,
2020; Xie, Huo, Zou, 2019).

Secondly, data on the selected metrics were gathered using the Orbis database,
focusing on firms that filed green patents during the period from January 1, 2010,
to December 31, 2018, while excluding those that did not engage in such activities
within this timeframe. We focused on North America and Europe as these regions
accounted for the majority of patents related to EI. To consider the firms size, we used
OECD classification that distinguishes large, medium, or small firms depending on
the employee’s number.

As a result, the sample obtained comprised a total of 1,130 firms of various sizes —
large, medium, and small — with green patents issued between 2010 and 2018, alongside
2,401 firms that did not have green patents during the same period. The collected data
was transformed into a balanced panel dataset, resulting in a total of 9,040 firm-year
observations.

Additional details regarding the sample composition are thoroughly described in
(Semenova, Semenov, Storchevoy, 2023).
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Fig. 1. Whisker box plots illustrating the distribution of ROA data averaged by year from 2012 to 2019,
categorized by firms’ size
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Fig. 2. Cumulative distribution functions of averaged ROA data for the analyzed firms categorized by size

We detected the significant differences between the normal distribution and distribution
of ROA values for each firm size, highlighting the need to remove outliers from the
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data. Therefore, we applied the procedure previously developed for the same sample in
(Semenova, Semenov, Storchevoy, 2023). Figure 1 illustrates the presence of outliers and
displays the boxplot of ROA data for the analyzed groups of firms (small, medium, and
large) averaged for the period from 2012 to 2019. Figure 2 shows the empirical distribution
functions for the abovementioned data for small, medium, and large firms respectively.
It is evident that these distributions significantly deviate from the normal distribution,
as indicated by the Shapiro—Wilk and Shapiro—Francia tests, which deemed these
distributions as non-Gaussian with p-values of zero for small, medium, and large firms.

4. Method

To assess the magnitude of the moderating effect of firm size on the relationship
between EI, measured by the number of issued green patents, and firms’ FP, measured
by ROA, we examined the direct and moderation effects using robust least squares
technique in two forms:

— we applied the least absolute residuals method (LAR), which helps reduce the impact
of outliers in the dataset on the fitting results — this is achieved by minimizing the
sum of the absolute values of fit residuals, rather than squared residuals.

— we applied the bisquare weights (BW) that minimizes the effect of outliers: the
weights assigned to the data depend on how close the corresponding points are
from the fitted curve — the farther the points are, the smaller their weights are.

Using both approaches, we were able to assess the influence of non-registered outliers
(or data close to being recognized as outliers but passing the related test) as well as the
distribution tails of ROA values on the analysis outcomes. If both methods yield similar
results, it suggests a high level of reliability in the analysis conclusions. Conversely,
disparate results between the methods indicate lower confidence.

The variables used in regression models were designated as presented in Table 1.

Table 1
The list of variables
Measure Description Range of possible values
EP, The number of green patents that were issued by a firm per year. the non-negative integers: NU{0}

The values EP, were used as a quantitative measure of firms’ EI.

FP,, ROA, Return on assets (ROA) was used as a standard accounting the real numbers: R.
measure of FP per year.

Size, The firms’ size in each year of the firms’ presence in the market. the set {1, 2, 3}:
Size was used as a dummy variable attributing firms to small, 1 — small-size firm,
medium or large firms. 2 — medium size firm,

3 — large-size firm.

We developed the sequence of models linking EP and ROA to measure how the firms’
size affects this relationship.

The first model represented the relationship between EP and ROA mean values averaged
on the time period 2014—2018 for small-size, medium and large firms correspondingly:

ﬁ,@ =ocgs> +a§s>ﬁ,<~s> +s§f>, (1)

where represents the mean effect; describes the sensitivity of ROA to the number of
the green patents issued in the same time interval; is the random noise representing the
residuals between data and the linear dependence (1); the symbol s represents the firms’
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size (small, medium or large); index i corresponds to the specific firm for the specified
size. The studied period was limited to 2014—2018 to eliminate the impact of green patents
issued before 2010. Following (Semenova, Semenov, Storchevoy, 2023), we assumed
that the main significant influence from the new green patents on firms’ financial results
appears in the first several years after their implementation.

To compare the intra-group effects caused by the moderation effect of the firms’ size
with the total set of firms considered, we fit the model to the data in the following form:

ROA; =B, +B,EP; +B,Size; +¢,, 2)
where ﬁi is the median value of the firm size in the studied time period; isthe random
noise in the model (2).

To study if there is a significant nonlinear moderation effect of the firms’ size on the
relationship between EP and FP, we used the following model (3):

ROA;=0,+0,EPi+0,Size; + 6, EP; Sizei+ ¢, 3)

To account for the time dimension in data, we adapted the models (1)—(3) to the
following format:

AROA, =0+ EP,  +¢,, “4)
AROA, =B, +BEP,_, +B,Size, +£,,, (5)
AROA, =0, +dEP, , +,Size, +d,EP, _, Size, +¢,, (6)

where Ax, =X, — X, representsthe difference between the values of the variable following it
inyear fand year (¢ — 1); k represents the time lag; the effects under the hat are the analogs of
the corresponding effects from the models (1)—(3), but they account for the time dimension.

5. Results

We estimated the effects of the averaged models (1)—(3) and obtained the results
presented in Table 2. We calculated the characteristics of the robust fitting for each model
(the coefficient of multiple determination R?, root mean squared error RMSE), the
confidence intervals (CI) for the regression coefficients’ estimations based on the Wald
method were constructed — as well as the corresponding quality measures (residual-based
Studentized #- and p-values).

The presented values are related to the original sample without outliers’ removal. We
can see that in the most cases the estimates obtained by LAR and BW methods do not
coincide. The reason is that the influence of the most successful and the most unsuccessful
(financially) firms in the sample on the results is significant but is not considered. This
circumstance encourages us to modify the classical procedure of measured data analysis
based on linear regression under the assumption of sample homogeneity (Taraskin,
Semenov, Protasov, Lozhkov, 2021).

To determine what the ratio of the outliers is, we repeat all computations with only
the central part of the sorted sample — we took into account the data from ¢ - 100%
percentile to (1 — ¢g) - 100% percentile. The corresponding ratio q was estimated from
the novel requirement of the difference between LAR and BW methods’ results becoming
statistically insignificant. To make sure that such a condition is fulfilled, we used the
confidence bounds for regression coefficients generated by both the Wald method and
the bootstrap technique with control that differences between these confidence intervals
become insignificant too. The bootstrap approach was used with 10 repeats that was
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sufficient for the confidence equal to 95% achievement (Semenov, 2016). The dependencies
of bounds for p-values of 7-tests from the cut-level of sample’s thrown tails are presented
in Fig. 3 for model (1) and in Fig. 4 for model (2). The corresponding p-value achieved
when meeting the mentioned condition is presented in bold-bordered cells in Table 2.
The g value obtained in the current study can be used in further research as the ratio of
the top and bottom firms that should be evaluated separately from the main part of the
sample when studying the averaged dependencies.

Table 2
The studied effects and their statistical characteristics for models (1)—(3)
Model Goodness- Studied effect Estimated 95% C1 [ | p-value q
of-fit value
R? RMSE
(1), LAR | 0.9939 | 0.0286 | , - Ep —» ROA —0.003952 | (~0.007605, —0.000299) | 2.1229 | 0.0170 | '
(1), BW | 0.9461 | 0.0848 | small firms 0.000038 | (—0.010800, 0.010876) | 0.0069 | 0.4972 |
(1), LAR | 0.9593 | 0.0195 a]:§—>ROA 0.001350 (—=0.001182, 0.003883) | 1.0469 | 0.1478 0.0397
(1), BW [ 0.5011 | 0.0682 | medium firms 0.001066 (—0.007805, 0.009938) | 0.2360 | 0.4067 |
(1), LAR | 0.9001 | 0.0168 al:ﬁ%ROA 0.000454 (0.000262, 0.000646) 4.6486 | 0.0000 0.1100
(1), BW | 0.2645 | 0.0457 | large firms 0.000309 (—0.000210, 0.000829) | 1.1675 | 0.1216 |
B,: EP - ROA —0.0001358 | (—0.0003153, 0.0000438) | 1.4833 | 0.0691
(2), LAR | 0.9902 | 0.0155 21— EP-
B,:Size >ROA 0.01280 (0.01172,0.01388) 23.2805 | 0.0000 | 0.100
B,: EP - ROA —0.0000428 | (=0.0007392, 0.0006536) | 0.1206 | 0.4520 | Size~
(2), BW | 0.8528 | 0.0601 ————— 0.00
B,: Size -ROA 0.009422 (0.005239, 0.01361) 4.4192 | 0.0000
8,: EP - ROA —0.0005002 | (—0.004133,0.003133) | 0.2700 | 0.3936
(3), LAR | 0.9844 | 0.0196 52;ﬁ_>R0A 0.01261 (0.01116, 0.01405) 17.116 | 0.0000
8,: EP Size >ROA | 0.0001231 | (—0.001094, 0.001340) | 0.1983 | 0.4214
8,: EP - ROA 0.007125 | (—0.004223,0.01847) | 1.2318 | 0.1091
(3), BW | 0.8479 | 0.0612 | 5,: Size ~sROA 0.01033 (0.005812,0.01484) | 4.4884 | 0.0000
63;ﬁﬁ_>ROA —0.002399 | (—0.006200, 0.001402) | 1.2384 | 0.1079
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Fig. 3. The p-values of 7-test on significance applying for model (1) coefficient estimated using LAR (gray)
and BW (black) for: a) small firms, b) medium firms, c) large firms
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Fig. 4. The p-values of 7-test on significance applying for model (2) coefficients estimated using LAR (gray)
and BW (black): a) EP — ROA, b) Size ->ROA

We see that the dependence (EP — ROA) successfully passed the statistical test on
significance using LAR for model (1) for the case of small firms (negative) and large
firms (positive). Since BW estimates differ for small- and medium-sized firms, we see
the significance coming from the outliers but not from the main part of the sample.
Large firms demonstrate the satisfactory significance and acceptable match of the LAR
and BW assessments. Models (2) and (3) show that the firm’s size is a moderator of the
relationship between the averaged ROA and the mean number of environmental patents
if we consider the total sample but not for the main part (after cutting sample’s tails on
the percentile g). So, the conclusion is that green patents significantly impact ROA even
if we handle long-term averaged data only in case we include extremely successful and
unsuccessful firms in our analysis.

Next, we estimated the effects by fitting the panel data models (4)—(6) and obtained
the results presented in Table 3 for the time lag k£ = 2 years following (Przychodzen,
Leyva-de la Hiz, Przychodzen, 2019; Semenova, Semenov, Storchevoy, 2023). The
dependencies of bounds for p-values of 7-tests from the cut-level of sample’s thrown tails
are presented in Fig. 5 for model (4) and in Fig. 6 for model (5).

Table 3
The studied effects and their statistical characteristics for models (4)—(6), k=1
Model | Goodness-of-fit Studied effect Estimated 95% CI [ |p-value| ¢
R RMSE value
(4), LAR | 0.9976 | 0.0152 omﬁ—)ROA —0.000304 | (—0.000762,0.000154) | 1.2995 | 0.0969 0.225
(4), BW | 0.9548 | 0.0656 small firms 0.000590 (—0.001392, 0.002573) | 0.5836 | 0.2798 |
(4), LAR | 0.9562 | 0.0237 al:ﬁﬁROA —0.000272 | (=0.000858, 0.000315) | 0.9074 | 0.1821 0.007
(4), BW | 0.8122 | 0.0490 medium firms —0.000517 | (—0.001732, 0.000699) | 0.8333]0.2024 |
(4), LAR | 0.9434 | 0.0134 al:ﬁ—)ROA 0.000030 (—=0.000019, 0.000078) | 1.2052 ] 0.1141 0.052
(4), BW | 0.7381 | 0.0289 large firms 0.000046 (—0.000058, 0.000150) | 0.8721 | 0.1916 |
B,: EP - ROA 0.0000186 | (0.0000003, 0.0000369) | 1.9900 | 0.0233
(5), LAR | 0.9930 | 0.0120 p—
B,:Size >ROA 0.0007418 (0.000426, 0.001058) | 4.6052 | 0.0000 | EP-
6,: EP > ROA 0.0000195 | (—0.0000458, 0.0000847) | 0.5839 | 0.2797 21061
(5), BW | 0.9107 | 0.0427 F-—— 1ze
B,: Size >ROA 0.001316 | (0.0001894, 0.002443) | 2.2897 | 0.0110 | 0.00
61:ﬁ—)ROA —0.0001301 | (=0.0003652, 0.000105) | 1.0848 | 0.1390
(6), LAR | 0.9936 | 0.0114 |5, : Size > ROA 0.0006868 | (0.0003796, 0.000994) | 4.3825 | 0.0000
8;: EP Size >ROA | 0.0000515 | (—0.0000275, 0.0001305) | 1.2779 | 0.1007
5,: EP - ROA —0.0000467 | (—0.0009314, 0.0008379) | 0.1036 | 0.4587
(6), BW | 0.9098 | 0.0429 |5, : Size >ROA 0.001302 | (0.0001457,0.002458) | 2.2073 | 0.0137
8;: EP Size >ROA | 0.0000222 | (—0.0002751, 0.0003195) | 0.1464 | 0.4418
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Fig. 5. The p-values of 7-test on significance applying for model (4) coefficient estimated using LAR (gray)
and BW (black) for: a) small firms, b) medium firms, c) large firms
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Fig. 6. The p-values of 7-test on significance applying for model (5) coefficients estimated using LAR (gray)
and BW (black): a) EP=AROA, b) Size ~AROA

We see that the case detected during studying models (1)—(3) is reproduced: the
influence of EI on FP is negative for small firms, ambivalent for middle-sized, and positive
for large firms. Furthermore, firm size again acts as a moderator in the relationship
between EI and firms’ FP.

6. Discussion and conclusion

To clarify the ambiguity of the empirical findings on the impact of EI on firms’ FP,
this study examines this relationship through the perspective of firm size. The conducted
analysis shows that firms’ size comes as a strong moderator between EI and FP. This
result complies with (Andries, Stephan, 2019; Lin, Cheah, Azali, Ho, Yip, 2019) and
further examines the difference of the financial results gained by larger and smaller firms
due to the implementation of EI.

The empirical results support the Hypothesis 2 stating that smaller firms benefit
financially less from EI than larger firms. This result goes in line with (Andries, Stephan,
2019; Semenova, Semenov, Storchevoy, 2023; Lin, Cheah, Azali, Ho, Yip, 2019).

This study offers several theoretical contributions. First, our research provides an
important contextualization of EI influence on FP by adding a firms’ size and industry
to the context. This contributes to a more differentiated understanding of the relationship
between EI and FP.
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Second, this study provides empirical evidence to the resource-based-view theory
that as firms differ in their resources and capabilities, their financial implications of EI
differ as well. Our findings show that smaller firms benefit financially less than their larger
counterparts from implementing EI.

This paper also lends itself to several practical implications. As larger and smaller
firms substantially differ in the financial results of EI, the approaches to making
decisions on EI implementation should be different. For small firms, it will be beneficial
to follow the opinions of their customers closely. It is vitally important for smaller
firms to know their target audience and promptly learn about its changing needs by
conducting surveys, monitoring comments and engagements, asking for the direct
feedback, witnessing external social habits, etc. Meeting the needs of the target
audience by designing new environmentally friendly products or services will help to
increase the satisfaction rate, build a better relationship, improve customer intimacy
and, as a result, enhance FP.

For large firms, the recommendation is quite different. As large firms are more prone
to take part in large-scale, long-lasting environmental projects, it is better not to focus
purely on customer demand for EI. The empirical results show that the financial results
brought by EI do not outweigh the benefits in the short term. Therefore, large firms can
focus on El in accordance to the government regulations and, moreover, try to influence
these regulations and conventional industrial practices based on their learned experience
and knowledge.

When developing policies for encouraging firms to implement EI, the firms’ size,
industry, and distance to consumers must be considered. Policymakers can adapt the
existing environmental policies according to these firms’ characteristics by adjusting
different subsidy levels. As smaller firms usually have limited human resources and are
often quite absorbed in operational processes, they commonly lack information about
public subsidies and EI strategies. Additionally, smaller firms frequently face knowledge
and expertise barriers that deter them from green activities. Therefore, policymakers
apart from financial incentives development can focus on support in knowledge sharing,
information availability and technology transfer mechanisms.

It is essential to acknowledge the limitations of the study. Firstly, environmental
activism was measured solely through green patents, thereby excluding other forms
of firms’ EI. Future research should explore more objective measures that capture the
broader spectrum of EI.

Secondly, the sample of firms was limited to those in Europe and North America. This
geographic limitation may restrict the generalizability of our findings to firms operating
in other regions. Future studies could include a more diverse set of firms from various
global regions to enhance the external validity of the results.

Furthermore, enhancing the study by incorporating additional firm-specific characteristics
could enrich our understanding of the relationship between EI and FP. By considering
factors such as organizational culture, managerial capabilities, and industry dynamics,
future research could provide a more nuanced analysis of how these variables interact
with Els to influence financial outcomes.
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