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THE INFLUENCE OF ENVIRONMENTAL EFFICIENCY ON THE
FINANCIAL PERFORMANCE OF JSE-LISTED FOOD AND BEVERAGE
PRODUCERS

Anomauin. Komnanii 6upobnuuo2o cexmopy wupoxo uU3HAI0OMbCs 0OHUMU 3 OCHOBHUX 0diceper
3a0pYOHeHHsT Q0BKILIA, WO 3YMOGIHOE 3POCMAlOUe 3AHENOKOEHHS WO000 eKON0IYHUX HACAIOKI8 IXHIX
BUpOOHUYUX npoyecis. Bucoxuil pisens cnodcusanms enepeii ma 600U, GUKUOU 8y2ieyro ma ymeopenHs
8i0X00i6 'y npoyeci SUPOOHUYMEA CYMMEBO CHPUSIOMb NOSIPUIEHHIO CMAHY HABKOIUUHBLOZO
cepedosuwya 6 yil eanysi. J{oO0amKo8i eKoN02iuHi BUKIUKY, MAaKi AK 2100aibHe NOMeNniHHs,
3a06pyOHeHHs NOGIMPsT MA HeCmada 600U, JTulie NOCUTIOIOMb Yi pusuku. Y 36’a3Ky 3 yum 6UHUKAE
HaeanvbHa nompeda y NOuLyKy aibMepHAmuGHUX Cmpameeitl Ons 3MEeHUEHHsT He2amueHo20 GNIIUGY
NPOMUCTOBUX Onepayill Ha 006K, Exo-edexmusHicme po3ensioaemupes K nepcnekmusHuil nioxio 0o
30aMHOCTE 3MEHULYB8AMU BUCHAICEHHSL PECYPCIB I 3HUNCYBAMU Pi6eHb 3a0PYOHEHHSL, eK0-eheKMUBHICTIb
BUZHAEMBCSL BANCTUBUM THCIPYMEHMOM OOCACHEHHS CMA020 po36UmKY. Taxooic nowupenoio € 0ymKa,
WO 3anyYyeHHs KOMNAHIU 00 eKOA02IYHO Bi0N0Gi0aIbHOI OisibHOCMI, 30KpeMd CHpAMOBAHOI Ha
NIOBUWEHHST eKO-eeKMUBHOCTI, MOJICe NO3UMUGHO 6NAUSAMU HA DIHAHCO8I pe3yrvbmami. Y ybomy
00CHIONCEHHT NPOAHANIZ06AHO 6NAUE €KO-eDEKMUBHOCI HA YUCTIULL NPUOYMOK 0OPAHUX KOMNAHIL 3
6UPOOHUYMBA NPOOYKMI6 XAPHUy6aHHA ma Hanois, wo komupylomocs na Mozannectypsvkiii ¢pondosiii
oipaci (JSE), y nepioo 3 2012 no 2021 pix. /[nsa oyinku 63a€M036 513Ky MIdC NOKAZHUKAMU eKO-
eghexmuerHocmi ma yucmum npudOYmKomM Oyi0 UKOPUCIAHO MOOeb y3azaibHeHux momenmie (GMM).
Jlani ompumaro 3 onyoniKOBaAHUX WOPIMHUX [HME2POBAHUX 36IMi6 0Opanux Komnawiu. Pesyrvmamu
AHANI3Y 3ACEIOUUNU NOZUMUGHUL, Alle CIAMUCTIUYHO HEZHAYYWULL 36 30K MIJIC eHep2o30epedlceHHIM |
yucmum npudYmKom. Ananoziuno, 30epedxcenus 600U Mda CKOPOUEHHsI BUKUOIG Gy2neyio MAaKoliC
NPOOEMOHCIPYBATU NOZUMUBHY, Ale He3HAuywy Kopersayilo 3 npudymiom. Boowouac cropouenms
8I0X00i8 1 uUpyuKa 6i0 Npooajicy (BUKOPUCIAHA SIK KOHMPOJbHA 3MIHHA) GUABUIUCS HE2AMUBHO
nog’s3anumu 3 yucmum npudymrxom. Ha ocnosi ompumanux pesynvmamie 00CHiodiceHHss peKOMeHOye
KOMNAHIAM aKMuei3yeamu 3yCuuis Woo0 3HUNCEHHS CNONCUBAHHS eHepii ma 600U, a maKodic
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CKOpOUYCHHsl GUKUOJIG Gyaleylo 3 Memow niosuwyenus npubymxoeocmi. Kpim moeo, maubymmi
00CHI0JICEHHS OOYINbHO 30Cepedumu Ha GNIUGI eKO-eqheKMUGHOCMI HA THULE NOKA3HUKU eeKmUueHOC
KOMAAHIU, PO3UWUPUIMU YACOBL MeXCi naHeli ma OXONUMU iHWi CeKMopUu eKOHOMIKU.

Knwuosi cnoea: exo-eghexmusnicmn, uucmuii npubymox, @OiHAHCO8A pe3VIbMAMUEHICHD,
eHepeo30epedicelitsl, 6000-30epedicelitsl, CKOpOUeH s BUKUOIE 8yaleyio, CKOPOUeHH s 8i0X00i68, GUPYUKA
8i0 NPOOAACy.

JEL Classification: L25, Q5, M41, M21

Abstract. A feldolgozéipari villalatokat széles kdrben a kérnyezetszennyezés f6 okozoinak
tekintik, ami egyre nagyobb aggodalomra ad okot gyadrtisi folyamataik okologiai hatdasaival
kapcsolatban. A gyartas soran az energia- és vizfogyasztas, a szén-dioxid-kibocsatds és a
hulladéktermelés magas szintje jelentésen hozzdjarul az agazat kérnyezetszennyezéséhez. Tovabbi
kornyezeti kihivasok, mint példaul a globalis felmelegedés, a légszennyezés és a vizhiany tovabb
sulyosbitiak ezeket a kockdzatokat. Kovetkezésképpen siirgosen sziikség van alternativ stratégiak
meghatarozasara az ipari miiveletekkel kapcsolatos kérnyezeti hatasok mérséklésére. Az kologiai
hatékonysag igéretes megkozelitésként jelent meg az ipari folyamatok atalakitasara, hogy azok
okologiai labnyomdt a lehetd legkisebbre csokkentsék. Az erdforrdasok kimeriilésének és a szennyezésnek
a csokkentése réven az oko-hatékonysagot a fenntarthato fejlodés elomozditasanak alapveto eszkézekent
ismerik el. Széles korben elterjedt az a nézet is, hogy a villalati elkotelezettség a kornyezettudatos
gyakorlatok irant, beleértve az oko-hatékonysdagot fokozo gyakorlatokat is, pozitivan befolyasolhatja a
pénziigyi teljesitményt. Ez a tanulmany a 2012-2021 kozotti idészakban a Johannesburgi Evtéktézsdén
(JSE) jegyzett, kivilasztott élelmiszer- és italgyarto vallalatok esetében vizsgalja az oko-hatékonysag
hatasat a vallalati netto nyereségre. Az 6ko-hatékonysagi mutatok és a netto nyereség kozotti kapcsolat
ertekelésére a GMM-modellt (Generalized Method of Moments) alkalmaztik. Az adatokat a kivalasztott
vallalatok kozzétett éves integralt jelentéseibol gyijtotték. Az elemzés pozitiv, de statisztikailag
Jelentektelen kapcsolatot mutatott ki az energiatakarékossag és a netto nyereség kozott. Hasonloképpen,
a viztakarékossag és a szén-dioxid-kibocsatas csokkentése is pozitiv, de nem szignifikans kapcsolatban
allt a netto nyereséggel. Ezzel szemben a hulladékcsékkentés és az arbevétel (kontrollvaltozoként
hasznalt) negativ kapcsolatot mutatott a netto nyereséggel. Ezen eredmények alapjan a tanulmany azt
Jjavasolja, hogy a vallalatok fokozzdk az energia- és vizfogyasztas csokkentésére és a szén-dioxid-
kibocsatas minimalizalasara iranyulo erdfeszitéseiket a nyereségesség novelése erdekében. Emellett a
Jjovébeli kutatasoknak fel kell tarniuk az 6ko-hatékonysdg hatasat a vallalati teljesitmény mas mutatoira,
hosszabb idoszakokat kell figyelembe venniiik, és ki kell terjeszteniiik a hatokoriiket a gazdasag mas
dgazataira is.

Kulcsszavak: okohatékonysag, netté nyereség, pénziigyi teljesitmény, energiatakarékossag,
viztakarékossag, szén-dioxid-kibocsatds csékkentése, hulladékcsokkentés, arbevétel.

Abstract. Companies operating in the manufacturing sector are commonly perceived as the
primary contributors to environmental pollution, leading to increasing apprehension regarding the
environmental issues arising from their production processes. These companies’ consumption of energy
and water, carbon emission, and waste generated during the production process contribute significantly
to environmental pollution experienced within the industry. Other challenges that present substantial
risks to the conservation of the environment include among others, global warming, air pollution, and
water scarcity. Hence, it becomes imperative to seek alternative strategies to address the environmental
challenges encountered by businesses during the execution of production operations. As a result, eco-
efficiency represents a potential approach for restructuring industrial operations and activities with the
aim of reducing the adverse environmental effects of businesses. Due to its ability to reduce resource
depletion and to decrease pollution, eco-efficiency is regarded as a valuable tool for achieving
sustainable development. It is also believed that if industries commit to environmental protection
activities such as engagement in activities that promote eco-efficiency, financial performance can be
improved. This paper therefore measured the effect of eco-efficiency on corporate net profit for selected
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Johannesburg Stock Exchange listed food and beverage manufacturing companies for the period 2012
to 2021. The Generalised Method of Moment (GMM) statistical model was used to measure the
relationship between eco-efficiency and corporate net profit. Data were obtained from published annual
integrated reports of the Johannesburg Stock Exchange (JSE) listed food and beverage manufacturing
companies. In analysing the effect of energy conservation on corporate net profit, a positive yet
insignificant relationship was revealed. Results further revealed that water conservation is positively
vet insignificantly related to net profit. In the same vein, carbon reduction was found to be positively
and insignificantly related to net profit. On the other hand, waste reduction and sales revenue (control
variable) are negatively related to net profit. Therefore, the paper recommends that companies should
minimise the consumption of energy and water and reduce carbon emissions to enhance corporate net
profit. The paper further recommends future research on the effect of eco-efficiency on other company
success indicators. Future research may expand the panel years beyond ten years and focus on other
sectors.

Keywords: eco-efficiency, net profit, financial performance, energy conservation, water
conservation, carbon reduction, waste reduction, sales revenue.

Problem statement. The manufacturing sector is perceived as the main
contributor to environmental pollution, leading to increasing apprehension regarding the
environmental issues arising from their production processes. The consumption of
energy and water, carbon emission, and waste generated by companies in this sector
during the production process contribute significantly to environmental pollution
experienced within the industry [1]. Other challenges that present substantial risks to the
conservation of the environment include among others, global warming, air pollution,
and water scarcity [2]. In view of these growing concerns about emerging environmental
problems resulting from industrial activities, eco-efficiency has become a targeted
subject among scholars throughout the world [3]. Several countries, including the
Republic of South Africa have collaborated in establishing national environmental
regulations that govern the environmental practices of manufacturing industries [4; 5;
6]. However, industries persist in contaminating the environment by emitting carbon,
indulging in excessive water and energy consumption, and unsustainably depleting
natural resources, consequently negatively impacting the planet [7]. Hence, it becomes
imperative to seek alternative strategies to address the environmental challenges
resulting from businesses’ activities during the execution of production operations ([8].

As a result, eco-efficiency represents a potential approach for restructuring
industrial operations and activities with the aim of reducing the adverse environmental
effects of businesses [9; 10]. Because of its ability to reduce resource depletion and
decrease pollution, eco-efficiency is regarded as a valuable tool for achieving
sustainable development [11]. Furthermore, the Paris Agreement was ratified during the
United Nations Climate Change Conference with the objectives of mitigating global
warming through the reduction of greenhouse gas emissions and establishing net zero
emission benchmarks for industrial operations [12]. Failure to tackle the matter of
industrial environmental sustainability through the adoption of eco-efficient practices
will result in Sustainable Development Goal 12 (SDG 12) objectives merely serving as
rhetoric.

© Malapa D., Ngwakwe C.
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Several researchers have examined the correlation between individual eco-
efficiency variables and financial performance variables, revealing different results. For
instance, [13] discovered that the reuse of water has the potential to improve water
conservation practices in manufacturing enterprises. On the other hand, [14] affirm that
manufacturing companies can enhance their financial performance by engaging in the
production of goods and services that promote environmental protection, thus boosting
eco-efficiency. [15;16] have also looked at the financial implications of individual
variables of eco-efficiency. Despite the existing research on the link between individual
eco-efficiency variables and financial performance, there is a need to combine the four
major eco-efficiency variables, which are, energy conservation, water conservation,
carbon reduction and waste reduction, to establish their relationship with financial
performance. Based on the researcher’s review, little previous research exists on the
effect of combined eco-efficiency variables on financial performance. However, the
researcher could not find evidence of a similar previous research, which has used a
combination of four eco-efficiency variables (energy, water, carbon, and waste) within
the JSE listed food and beverage manufacturing companies, to assess their financial
implication, hence, a gap exists in the literature. This paper therefore analyses the effect
of eco-efficiency (energy conservation, water conservation, carbon reduction, and waste
reduction) on corporate net profit (NP) for selected food and beverage manufacturing
companies listed on the Johannesburg Stock Exchange (JSE).

Literature review. This section presents the literature as follows: energy
conservation and NP, water conservation and NP, carbon reduction and NP, and waste
reduction and NP.

Energy conservation and NP. The modern manufacturing industry's excessive
energy consumption is a major contributor to harmful emissions and environmental
degradation [17]. To effectively combat climate change, an urgent action needs to be
taken to significantly reduce these emission levels and reverse the damaging effects.
Immediate and decisive steps are required to address this critical issue and safeguard the
planet's future. Some researchers suggest energy efficiency models or approaches,
whereas other studies reveal that manufacturing firms utilizing production methods that
require less energy attain strong financial outcomes [18;19]. For example, the study of
[20] found green investment to have a positive and significant relationship with financial
performance, with NP as one of the variables. In contrast, the study of [21] found no
significant relationship between energy saving and NP. In spite of the differences in
findings from the aforementioned studies, publicly listed manufacturing companies
should invest in energy efficiency initiatives to improve operational efficiency in
addition to compliance.

Water conservation and NP. The initial measure in achieving environmental
sustainability involves ensuring that the resources utilized, such as water and various
materials, are sourced from origins that do not inflict harm on the environment [22].
Nevertheless, various manufacturing firms persist in their excessive consumption of
water and other resources in a manner that is not sustainable, consequently having
detrimental effects on the planet [7]. Some researchers suggest that manufacturing firms
have the potential to conserve water while simultaneously reaping significant
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advantages, including enhanced financial performance. For instance, [23] argues that
reducing water consumption is essential for achieving a balance between sustainability
and profitability and that companies that implement water-saving strategies and
practices are likely to experience increased profits. Researcher such as [24] has found
water use efficiency to have an insignificant effect on net profit margin. On the other
hand, [25] postulate that financial performance can be enhanced by making sure water
management plans and activities are properly disclosed. Manufacturing companies
should also empower their employees to adopt more sustainable practices in order to
minimize wasteful water usage.

Carbon reduction and NP. Carbon emissions result from multiple sources during
the consumption of energy and the combustion process [26]. These emissions pose a
serious threat to the planet such as global warming. The research conducted by [27]
indicates that manufacturing firms have the potential to mitigate global warming by
significantly lowering carbon dioxide emissions associated with excessive energy
consumption. Additionally, the aforementioned researchers highlight the importance of
avoiding technologies that contribute to climate change and global warming. On the
other hand, [28; 29; 30] propose that manufacturing firms aiming to enhance their
competitive edge and achieve positive financial outcomes should consider leveraging
carbon performance as a foundational strategy. Conversely, [31] firms with high carbon
emission face challenges of increased costs that negatively and insignificantly affect
profitability. Nevertheless, an inverse relationship appears to exist between carbon
reduction efforts and overall financial performance.

Waste reduction and NP. The manufacturing processes that transform raw
materials into finished goods produce waste, which considerably exacerbates
environmental pollution and presents substantial risks to both the ecosystem and its
inhabitants [1]. The research conducted by [32] and [33], posits that manufacturing
enterprises can implement strategies encompassing reduction, reuse, recycling,
reclamation, recovery, and restoration within their production processes to effectively
manage the waste generated. [34] and [35], assert that the effective implementation of
the strategies discussed will significantly reduce both raw material usage and waste.
Consequently, this reduction will lead to a decrease in all production-related costs,
ultimately enhancing overall financial performance. Many studies have been conducted
to investigate the effect of waste reduction on financial performance and found different
results. For example, [36] found that waste management practices exert an insignificant
impact on the net profit of the firms being examined. In contrast, [37] identified a
significant positive correlation between waste management and net profit margin.
Despite the diverse dynamics of relationships identified and the associated costs linked
to the development and implementation of waste reduction strategies, manufacturing
firms should not be deterred. Rather, they ought to enhance their investments in waste
reduction initiatives to mitigate waste generation, thereby striving to prevent pollution.

Research aims and objectives. This paper is built on the premise that industries
are polluting the environment through high energy and water usage, huge amounts of
carbon emitted, and waste generated. Therefore, the paper sought to measure the
relationship between eco-efficiency and net profit.
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Methodology. This section investigates the potential link between eco-efficiency
metrics and net profit (NP) for 14 food and beverage manufacturing companies listed
on the Johannesburg Stock Exchange (JSE), considering their manufacturing operations
as a source of environmental pollution. The data utilized in this study was acquired from
the published annual integrated reports of a selection of companies spanning the years
2012 to 2021[38]. The seclected timeframe was chosen based on the belief that any
modifications to laws and regulations concerning eco-efficiency might have been
implemented. The panel multiple linear regression analysis was employed to ascertain
and evaluate the correlation between eco-efficiency variables and net profit. For
analysis, the paper uses the model regressions below:

NP;;=a; + 3; ENRCON;; + 3, WATCON;; + 3; CAREMM;,; + 3, WASGEN;; +

Bs SALREV;; + ¢,

€ = error term

o = constant

B = Beta is representing coefficients explaining the partial elasticities of
explanatory variable

it = the i represents company and the t represents the year

Description of variables is presented in Table 1.

Table 1- Description of variables*

Acronym/Abbreviation | Name of the acronym | Measurement of data Source of data
NP Net profit In Rand amounts per year | Annual integrated
reports
ENRCON Energy consumption In kilowatts of energy per | Annual integrated
year reports
WATCON Water consumption In kiloliters of water per | Annual integrated
year reports
CAREMM Carbon emission In tonnes per year Annual integrated
reports
WASGEN Waste generation In kilograms per year Annual integrated
reports
SALREV Sales Revenue In Rand amounts per year | Annual integrated
reports

*Source: Authors’ own construct

It is therefore worth noting that it is the concepts of energy conservation, water
conservation, carbon reduction and waste reduction that will be used in the analysis,
discussion, and conclusions to align with the aim of this study. The aim of this study
was to examine the effect that the four eco-efficiency variables have on NP.

Results and discussions.

Descriptive analysis. There were 140 annual integrated reports observed, for 14
JSE listed food and beverage manufacturing companies for a period of 10 years as Table
2 demonstrates (2012 to 2021).

The mean for NP as a dependent variable was 12.425, whereas the mean for
independent variables: energy conservation, water conservation, carbon reduction and
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waste reduction were 17.968; 13.358; 12.755 and 14.730, respectively. Moreover, the
mean for control variable, sales revenue was 18.298.
Table 2 - Summary Statistics*

NP ENRCON WATCON CAREMM WASGEN SALREV
Mean 12,425 17.968 13.358 12.755 14.730 18.298
Standard 2.249 0.222 0.444 0.159 0.254 0.233
Error
Median 0,121 18.084 13.894 12.701 14314 17.149
Std Dev 26.610 2.629 5.252 1.876 3.011 2.751
Kurtosis 4.341 -0.064 5910 2.907 1.086 -0.907
Skewness 1.584 -0.025 -2.310 0.270 0.560 0.603
Range 197.559  11.991 25.824 11.330 15.130 9.173
Minimum  -82.344  12.210 -5.032 6.995 7.837 14.436
Maximum  115.216 @ 24.201 20.792 18.325 22.968 23.609
Count 140 140 140 140 140 140

*Source: STATA software

Results further showed standard deviation for the dependent variable NP as
26.610. In addition, the standard deviation for energy conservation, water conservation,
carbon reduction and waste reduction were 2.629; 5.252; 1.876 and 3.011, respectively.

For the control variable, sales revenue, the standard deviation was 2.751. When a
standard deviation exceeds the mean, it is considered widely dispersed. The standard
deviation for NP of 26.610 is greater than its mean of 12.425.

This implies that NP is widely dispersed. However, the standard deviation for
energy conservation, water conservation, carbon reduction and waste reduction are less
than their mean. This is an indication that the abovementioned independent variables are
not widely dispersed. In the same vein, the standard deviation for control variable, sales
revenue, is less than the mean. This implies that sales revenue is also not widely
dispersed.

Correlation Matrix. This section displays the correlation matrix, which reveals
the degree of association between a given independent variable and its respective data
points, as well as the interdependencies among multiple independent variables.

The correlation between energy conservation and NP is negative and extremely
weak shown in Table 3 as -0.029. On the other hand, water conservation is positively
correlated with NP shown as 0.110, although the correlation is weak. As with water
conservation, the correlation between carbon reduction and NP is also positive but weak
shown as 0.144. Results further revealed an extremely weak correlation between waste
reduction and NP shown as -0.011. Lastly, sales revenue showed a negative yet
moderate correlation with -0.429.

The correlation between energy conservation and NP is negative and extremely
weak shown in Table 3 as -0.029. On the other hand, water conservation is positively
correlated with NP shown as 0.110, although the correlation is weak. As with water
conservation, the correlation between carbon reduction and NP is also positive but weak
shown as 0.144. Results further revealed an extremely weak correlation between waste
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reduction and NP shown as -0.011. Lastly, sales revenue showed a negative yet
moderate correlation with -0.429.

Table 3 - Pearson Correlation®
NP ENRCON WATCON CAREMM WASGEN SALREV

NP 1

ENRCON -0.029 1

WATCON 0.110  -0.148 1

CAREMM 0.144  0.181 -0.075 1

WASGEN -0.011  0.251 -0.120 0.235 1

SALREV -0.429  0.039 0.173 -0.044 0.004 1

*Source: STATA software

Unit root test. The analysis employs the Levin-Lin-Chu unit-root test to assess the
stationarity of the panels utilized in the research. The findings are detailed in Table 4.
Under the null hypothesis, the panels are classified as non-stationary, whereas the
alternative hypothesis posits that they are stationary. A significance level of 0.05 (5%)
is established; any p-value falling below this threshold is considered significant, thereby
supporting the acceptance of the alternative hypothesis and the rejection of the null
hypothesis.

Table 4 - Unit root test for stationarity*
Panels ENRCON WATCON CAREMM WASGEN SALREV
P-Value 0.0000 0.0946 0.0000 0.0000 0.0000
*Source: Author’s computation

The results in Table 4 indicate that, with the exception of water conservation, the
p-values for all panels fall below the 5% significance threshold.

This substantial evidence in favour of the alternative hypothesis, which posits the
stationarity of the panels, warrants the rejection of the null hypothesis. The presence of
stationarity implies the absence of a unit root, which is desirable, as datasets with a unit
root are prone to producing disingenuous interpretations [39].

Cointegration tests. The Pedroni panel cointegration test utilizes eleven statistics
to assess the alternative hypothesis of cointegration among the variables within the
estimated model, contrasted against the null hypothesis of no cointegration [40]. Among
these statistics, seven are categorized as standard statistics, while four are designated as
weighted statistics. Table 5 presents a summary of the cointegration results, detailing
the outcomes for all eleven statistics.

The critical value is established at 5%, whereby the alternative hypothesis indicates
the presence of cointegration, in contrast to the null hypothesis, which posits its absence.
Acceptance of the alternative hypothesis occurs when the p-value falls below 0.05. As
indicated in Table 5, six out of the eleven statistics yield values less than 0.05, thereby
rendering the rejection of the null hypothesis of non-cointegration. Consequently, it is
concluded that a long-term relationship exists, as the alternative hypothesis endorsing
cointegration is supported.
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Table 5 - Summary of Pedroni panel cointegration tests*

Probability
Panel Statistics Weighted statistics
“Panel v-Statistics” 0.9804 0.9567
“Panel rho-statistics” 1.0000 0.9999
“Panel PP-statistics” 0.0000 0.0000
“Panel ADF statistics” 0.0207 0.0006
Group
“Group rho-Statistics” 1.0000 -
“Group-PP-Statistics” 0.0000 -
“Group ADF Statistics” 0.0000 -

*Source: Author’s computation

Diagnostic tests. Diagnostic tests are crucial in panel data analysis as inaccuracies
in model results can be revealed, particularly when researchers overlook the
implications of violating regression assumptions. In line with previous studies such as
that of [41], the researcher conducted diagnostic tests on panel data to detect existing
abnormalities and misspecifications that could compromise the reliability and accuracy
of estimators. Specifically, the researcher employed the VAR residual test to identify
heteroscedasticity, the Wooldridge test to detect autocorrelation, and the Jarque-Bera
test in conjunction with the Kurtosis for normality testing.

VAR residual heteroscedasticity tests. The research employed VAR residual
heteroscedasticity tests to determine whether the data was influenced by
heteroscedasticity. These tests operate under the null hypothesis of heteroscedasticity,
which stands in contrast to the alternative hypothesis of homoscedasticity. It is important
to highlight that the preferred situation is homoscedasticity within the evaluated model,
which is realized when the computed probability value exceeds 0.05. However, as
indicated by the results presented in Table 6, the null hypothesis of heteroscedasticity is
accepted since the computed probability value falls below 0.05.

Table 6 - Abridged Results of Heteroscedasticity*

TEST NAME Probability value Decision
Heteroscedasticity with Cross Terms
NP 0.0011 Accept Null

*Source: E-views Outcomes

Autocorrelation tests. If the p-value is greater than 0.05, the null hypothesis is
accepted. In contrast, when the p-value is less than 0.05, the null hypothesis is usually
rejected. The null hypothesis asserts the nonexistence of first-order autocorrelation,
while the alternative hypothesis argues for its presence. The obtained results indicate a
p-value of 0.0639, which exceeds the 0.05 threshold. Therefore, the null hypothesis is
accepted, implying that first-order autocorrelation is absent.
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Table 7 - Wooldridge test results*
F (1,13) 4.103
Prob >F 0.0639
*Source: STATA sofiware

Normality tests. Figure 1 presents normality tests results.

NORMALITY TESTS RESULTS

10

Series: Standardized Residuals
M Sample 2012 2021
8 - — Observations 130
Mean -3.24e-16
6 - Median 0.000626
Maximum 0.941124
Minimum -0.879988
4 Std. Dev. 0.452367
Skewness -0.041826
5 Kurtosis 2.239010
Jarque-Bera 3.174727
° Probability 0.204464
0.8 0.6 -0.4 0.2 0.0 0.2 0.4 o6 0.8

Fig. 1. Normality test results
*Source: E-Views 9.0 output

For a dataset to be considered normally distributed, the Jarque-Bera probability
value must be non-significant, and the Kurtosis should approximate a value of 3. An
examination of Figure 1 reveals that the residuals exhibit a normal distribution, as
indicated by the Jarque-Bera probability value exceeding the threshold of 0.05.

Hausman tests. Hausman distinguishes between FE model and RE models in
panel data. Table 8 illustrates the findings of the Hausman test.

Table 8 - Hausman Tests*

Coefficients (b-B) Standard Error
(b) (B) Difference
FE RE
ENRCON .6424584 705593 -.0631346 1589367
WATCON -.5729104 2618159 -.8347263 1.0657754
CAREMM -.50349 1546737 -.2050226 4550981
WASGEN .0176068 -.1694665 .1870733 .3494892
SALREV .6192986 -1.962006 2.581304 1.580629

*Source: STATA software

b = consistency with the Ho and Ha

B = inconsistency with the Ha. and efficient within Ho

Test: Ho: the differences in the coefficients are not systematic

chi2(3) = (b-B).[(V_b-V_B). ~(-1)] (b-B) =4.23

Prob>chi2 = 0.5169

A p-value below 0.05 indicates that the null hypothesis should be rejected, whereas
a p-value above 0.05 suggests that the null hypothesis should be retained. Although the
FE model is favoured according to the alternative hypothesis, the RE model is deemed
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preferable when adhering to the null hypothesis. The Hausman test results indicate a p-
value of 0.5169, thereby confirming that the RE model is the suitable choice for this
analysis.

Random effect results. Table 9 reveals that energy conservation is positively and
insignificantly related to the dependent variable (NP). Water conservation is also
positively and insignificantly related to NP. The results further show carbon reduction
to be positively yet insignificantly associated with NP. However, the relationship
between waste reduction and NP is negative and insignificant. Lastly, the relationship
between sales revenue and NP is negative and insignificant.

Table 9 - Random effect results*

NP
ENRCON 0.706
(0.659)
WATCON 0.262
(0.887)
CAREMM 0.155
(1.247)
WASGEN -0.169
(0.750)
SALREV -1.962
(1.590)
_cons 32.675
(36.082)
Number of obs 140
Number of groups 14
R-sq 0.3102
Prob>chi2 0.7618
Prob>F 0.7241
Prob>chibar2 0.0000

*Source: STATA software
Standard errors are shown in parenthesis, while *, **, *** represent significance at 1%, 5%, and 10% levels,
respectively.

Although the random effects model was favoured, it presented challenges related
to heteroscedasticity within the panel data, issues that are not addressed by the random
effects model. Consequently, the analysis was expanded to incorporate Generalized
Method of Moments (GMM) in order to enhance the robustness of the findings and to
adequately address the concerns of heteroscedasticity.

Extended analysis using Generalised Methods of Moments. GMM is well-
established for removing all aspects of indigeneity from the panel model, while
considering unobserved, time-invariant country-specific effects [42]. Although RE is
generally favoured over FE according to Hausman tests, it possesses certain drawbacks.
One major assumption of RE is that it relies on the normal distribution of its errors,
which is not universally applicable. In this research, the analysis of VAR tests for
heteroscedasticity presented in Table 6 indicates the presence of heteroscedasticity,
which is less than ideal. To address the issues of heteroscedasticity, present in panel
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data, this study utilizes GMM, which is advantageous in managing serial correlation,
heteroscedasticity, and non-normal distribution challenges [43]. Additionally, this
estimator is recognized for its capability to minimize standard errors and display greater
robustness against heteroscedasticity in panel data [44]. GMM offers a clear
methodology for assessing model specifications, thereby enhancing the overall
reliability of the analysis.

Generalized method of moments results. Results from Table 10 show that
energy conservation is positively and insignificantly related to the dependent variable
(NP). Water conservation is also positively and insignificantly related to NP. The results
further show carbon reduction to be positively yet insignificantly associated with NP.
The correlation between waste reduction and NP is insignificant and negative.
Ultimately, the correlation between sales revenue and NP is also negative and
insignificant.

Table 10 - GMM results*

NP
Dependent (constant) 0.205%*
(0.094)
ENRCON 0.967
(0.597)
WATCON 0.566
(1.594)
CAREMM 1.203
(2.105)
WASGEN -0.609
(0.381)
SALREV -0.373
(1.217)
_cons -14.235
(39.214)
Number of obs 140
Number of groups 14
R-sq 0.0025
Prob>chi2 0.0001
Prob>F 0.0501
Prob>chibar2 0.0328

*Source: STATA software
Standard errors are shown in parenthesis, while *, **  *** represent significance at 1%, 5%, and 10% levels,
respectively.

Discussion of findings. The results show that energy conservation is positively
and insignificantly related to NP. These results are in line with those of [18] which found
energy savings to have an insignificant relationship with profitability. In addition, a
positive relationship between energy conservation and NP indicates an alignment with
the stakeholder theory which postulates that a company ought to be managed in the
interests of its entire stakeholders [45]. Moreover, this positive relationship between the
aforementioned variables is in line with the institutional theory which explicate ways in
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which manufacturing companies use natural resources to avoid depletion and pollution
and improve eco-efficient practices to gain competitive advantage and financial
performance. However, the results contradict which those of [20], which revealed a
positive relationship when examining how green investments measured by energy
conservation and emission reduction affect financial performance measured by NP and
Tobins Q among others. The relationship was statistically significant.

Results further show a positive but insignificant relationship between water
conservation and NP. These results agree with those of [24] which found an insignificant
relationship between water conservation and NP. However, the study contrast with that
of [25] which found a positive significant relationship between corporate water
disclosure and financial performance (EPS, ROA, and net profit margin) of companies
listed on JSE. The results further show carbon reduction to be positively yet
insignificantly associated with NP. These results support those of [28; 29; 30] which
propose that manufacturing firms aiming to enhance their competitive edge and achieve
positive financial outcomes should consider leveraging carbon performance as a
foundational strategy. Conversely, [31] found an insignificant negative effect of carbon
emission on profitability.

The relationship between waste reduction and NP is negative and insignificant. As
postulated by the stakeholder theory, some firms create value for their stakeholders by
meeting their expectations and that enhances financial performance [46]. These results
are in support of those of [36] which found that waste management practices exert an
insignificant impact on the net profit margin. The results contradict those of [37] which
identified a significant positive relationship between waste management and net profit
margin.

Conclusions and prospects for further research. This paper aimed to analyse
the effect of eco-efficiency (represented by energy conservation, water conservation,
carbon reduction and waste reduction) on corporate net profit (NP) of food and beverage
manufacturing companies listed on the Johannesburg Stock Exchange. These companies
are seen as the greatest polluters of the environment. Findings from the regression
outputs show that three independent variables namely energy conservation, water
conservation and carbon reduction have a positive (although insignificant) effect on
corporate NP. On the other hand, waste generation and the control variable, sales
revenue, showed an insignificant and negative effect on corporate NP.

At the theoretical level, this study contributes to the gap in literature in analysing
the effect of eco-efficiency variables on corporate net profit and other financial
indicators for the food and beverage manufacturing sector. At the practical level,
managers are encouraged to reduce energy and water consumption, as well as carbon
emissions, to enhance the net profit for food and beverage manufacturers, which
corroborates extant studies’ findings on the catalytic effect of eco-efficiency on financial
indicators [47]. As such, the paper urges companies to prioritize eco-efficiency measures
to boost their profitability. Stakeholders, including environmentally conscious
consumers and investors, tend to view a commitment to eco-efficiency in a positive
light, potentially resulting in strong financial returns for the company. The results are
further in support with the stakeholder theory and the institutional theory. The
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stakeholder theory promotes companies to consider the needs and interests of various
stakeholders, with eco-efficiency being one method of meeting these interests, while the
institutional theory pushes firms to implement environmentally friendly practices. It is
believed that if manufacturing companies continue to minimise energy and water use,
as well as reduce carbon emissions and waste generation, financial performance may be
positively and significantly impacted. This is because the majority of eco-efficiency
variables used in this study showed a positive effect on financial performance during the
10 years covered in this study.

The results of this study were limited to food and beverage manufacturing
companies because the main objective was to investigate how eco-efficiency variables
affected the net profit (NP) of JSE listed food and beverage manufacturing companies.
The study was restricted to a 10-year timeframe (2012 to 2021). Furthermore, this study
used one financial performance variable, and four eco-efficiency variables. Thus, these
four eco-efficiency variables were the only ones included in the results. To analyse
secondary data from published annual integrated reports of food and beverage
manufacturing companies listed on the Johannesburg stock exchange, the study
exclusively used GMM. To validate the findings of this study, future researchers might
employ techniques like Auto Regressive Distributed Lag (ARDL) and Ordinary Least
Square (OLS), among others.

Future studies on the impact of eco-efficiency factors on other corporate
performance indicators are suggested in the paper. In addition, future studies may extend
the time period because the companies' eco-efficiency investments during the 10 years
used in this paper may have had a negative impact on NP from some eco-efficiency
variables. Since the study focused on food and beverage manufacturing companies listed
on the Johannesburg Stock Exchange in South Africa, future researchers can broaden
their focus to other sectors and other countries.
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