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Abstract

This article assesses the effect of eco-innovative activities in manufacturing
industries. Its study employed a mixed-methods approach by gathering,
analysing, and mixing quantitative and qualitative methods. Thirty-nine (39)
manufacturing industries participated in the study. These were identified
using a non-probability sampling method, specifically a purposive sampling
technique. The convergent parallel design was employed to collect, analyse,
and integrate qualitative and quantitative data and results simultaneously.
Minitab® version 21, Microsoft® Excel 2016, and SPSS® software
collaboratively analysed all the gathered data. Both inferential and
descriptive analyses were conducted to achieve the results for the main
research question. The findings reveal that the technological factor that
ranked the highest (62%) was the unavailability of technology for specific
applications. This shows a need to invest in eco-innovation throughout the
manufacturing industries. The findings also indicate crucial environmental
performance indicators: developing products with the least waste, performing
environmental improvement programmes, reducing solid and liquid waste,
and tracking products that reduce waste. Furthermore, the findings show
that approximately 53.8% of industries should replace materials with less
polluting/harmful alternatives. The study is vital to government policy-
makers in understanding the impact of environmental regulation on eco-
innovation and environmental performance. It also provides information to
the assessed manufacturing industries to adjust to the standards required for
eco-innovation in facilitating positive environmental performance.

Keywords: environment, eco-innovation, environmental performance,
sustainable development, manufacturing industries, Tanzania.

1. Introduction

Innovative economic growth paths and awareness of country-specific
technology problems are critical for ecologically sustainable economic
development (Lopes Santos et al., 2019; Pamba & Taifa, 2024). The innovation
process, deeply embedded in the principles of sustainable development, has
been widely recognised as a pivotal factor in this particular context (Sanni,
2018). The outcomes of such an innovation process are called eco-innovation
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(ibid.). Eco-innovation is defined as . the production, assimilation or
exploitation of a product, production process, service or management or
business methods that are novel to the firm or organisation, and which results,
throughout its life cycle, in a reduction of environmental risk, pollution and
other negative impacts of resource use (including energy use) compared to
relevant alternatives” (Kemp & Pearson, 2008). Eco-innovation is regarded as
green or sustainable development innovation; encompassing production
processes, research and development (R&D), new services, and new products
(Pyjari, 2006; de Jesus et al., 2021). It also involves creating new products,
developments or services that provide value to customers and businesses while
reducing environmental consequences considerably (Kaenzig & Wiistenhagen,
2010; Athuman et al., 2024). Under the auspices of the World Commission on
Environment and Development, sustainable development is defined as “... the
ability of present generations to satisfy their requirements without
jeopardising future generations’ ability to meet theirs” (Pujari, 2006).

Eco-innovation involves the development of products or processes that contribute
to sustainability and provide value to customers and businesses alike (Costantini
et al., 2017; Zhang et al., 2019; Taifa, Hayes, et al., 2021; Taifa, 2021). The
concept of eco-innovation emerges when practices in the manufacturing
industries are harmonised with the environment’s expectations, including
monitoring the amount of greenhouse gas emissions during production, and
reducing solid and liquid waste (Fernando & Wah, 2017). Thus, eco-innovation
implies new concepts, behaviours, products and processes that lessen
environmental burden (Rennings, 2000; Buhl et al., 2016). Although factors such
as global agreements, market conditions, advanced regulations, and technologies
play key roles in advocating for eco-friendly investment (Sardianou et al., 2022),
manufacturing industries are yet to be eco-innovative in most developing
countries (Jayakrishna & Raj, 2022), Tanzania included.

Delmas and Blass (2010) categorised three types of environmental performance.
The first category is the effects of emissions and energy use on the environment;
while the second category includes achieving regulatory compliance, which
includes operations such as installing a treatment system and a recycling facility.
The third category of environmental performance is evident from a different
perspective in the organisational processes and capital expenditures. It is
logically deduced that factors that mediate or influence the choice of eco-
innovative activities in manufacturing are still unclear. Subsequently,
manufacturing industries must consider efficiency in resource utilisation,
recycling pollution, and waste and emissions reduction to promote a positive
environmental performance (Seman et al., 2019). In Zambia, Costantini et al.
(2017) observed that eco-innovation directly decreases environmental effects of
production, forming an indirect positive environmental effect via inter-market
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transactions. Hence, with eco-innovation implementation, manufacturing
industries are expected to comply with government regulations in terms of waste
disposal; avoid negative health and safety effects to neighbours, employees and
consumers; reduce environmental-related follow-up cost of products; reduce
environmental risks; increase the environmental reputation; and increase
transparency and credibility.

Although extensive research on eco-innovation globally exists, the topic is yet
to be well-captured in developing economies, especially in its dynamics
(Buzohera, 2024). In Tanzania, especially, the dearth of robust eco-innovative
activities and initiatives has escalated environmental degradation resulting
from its industrial operations, and thus, it needs due attention to implement
policies that foster eco-innovation to address the challenges as recommended
by the World Bank (2019). Moreover, rapid industrialization has increased
pollution levels, natural resource depletion, and ecosystem degradation: all of
which significantly threaten Tanzania’s public health and ecological balance
(Buzohera, 2024). Generally, implementing eco-innovation activities in
Tanzania is still hindered by numerous factors, including short-term costs,
limited demand, technology issues, firm awareness, inadequate enforcement,
and unknown rewards (Tumaini, 2021). Buzohera (2024) also conducted a
study analysing the determinant factors for eco-innovation implementation in
Tanzania, and concluded that external and internal factors must be considered
to implement eco-innovation effectively. These factors include the availability
of adequate financial resources, active engagement of internal and external
stakeholders in environmental innovation, and investments in research and
development activities related to environmental issues.

Few African countries demonstrate a good gross domestic product (GDP), or
gross domestic expenditure on R&D (GERD) ratio. For example, through
research on developing and developed countries globally, only one African
country (i.e., Tunisia) scored at least one per cent. None of the twenty-five
countries worldwide included any African country as per the Global Innovation
Index (GII) of 2016. Similarly, South Africa seemed to have better eco-
innovation policies for the manufacturing industries (Moses, 2017). Gault et al.
(2016) reported that, although the African Union established the ten-year
Science, Technology and Innovation Strategy for Africa (STISA-2024),
nonetheless the STISA-2024 document does not consist of eco-innovation as it
prioritises the environmental component that concentrates on protecting the
environment, including climate change. Notably, there are huge opportunities
for eco-innovation practices that are well-supported by initiatives that show
implementable policies. Therefore, Tanzania’s industrialisation program must
include systems for tapping into industrial-economic contributions, while
considering their ecological (environmental) footprint.
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It is also important to consider innovation in industrial operations in developing
environmentally friendly goods; thus, practitioners should consider eco-
innovation practices (Fernando & Wah, 2017). In this regard, Ekins (2010)
suggests that eco-innovation involves creating, adopting, or using a new product,
service, process, or management and business strategy. This means that eco-
innovation practices should strive to prevent or significantly minimise
environmental pollution, risk and other negative effects of resource utilisation
throughout its lifespan, including energy. Moreover, the components of
innovation capacity include technology, cross-functional collaboration, and
market focus. Likewise, the key drivers of eco-innovation are regulation, cross-
functional coordination, technology, supplier engagement, and market emphasis
(Fernando & Wah, 2017).

Developing and implementing integrated sustainable practices to enable
environmental performance is paramount because manufacturing industries
account for nearly 61% of the world’s natural resources and waste generation
(Maxwell et al., 2006). Garcia-Granero et al. (2018) also emphasised the
significance of sustainable practices. Garcia-Granero et al. (2018) emphasised
that eco-innovation has a direct relationship with eco-marketing innovation
(EMI) because clients like to acquire eco-innovative items in which their
purchasing decision is influenced by pricing, quality, delivery, and green
industry’s image. However, Garcia-Granero et al. (2018) did not cover all aspects
of eco-innovation that the processing and manufacturing industries should
address, thus indicating a research gap to be addressed. In fact, implementing
eco-innovation in the manufacturing industries can potentially reduce carbon
emissions, increase financial performance, and promote a healthy ecosystem as
pointed out by Lee and Min (2015). Buhl et al. (2016) also stated that eco-
innovation enhances waste reduction and emissions, and promotes customer
satisfaction. Dong et al. (2014) also found that eco-organisation in China --
including eco-process, product and end-of-pipe innovation -- directly impacts the
reduction of environmental pressure.

Generally, the extent to which eco-innovation practices account for a healthy
ecosystem and the challenges that such industries face have been demonstrated
by several researchers, including Buzohera (2024), Maxwell et al. (2006) and
Garcia-Granero et al. (2018), to mention a few. Maxwell et al. (2006)
demonstrated the manufacturing industries’ resource consumption and waste
generation. Likewise, Garcia-Granero et al. (2018) studied industrial eco-
marketing innovations in Nigeria, while Hoffman and Ehrenfeld (2017) reported
the sustainability of processing companies.

It is evident from all the foregoing that literature on the effect of eco-innovation
on environmental performance is still scarce, particularly on products that
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directly impact the environment, such as consumable goods. Moreover,
manufacturing industries in developing countries, including those in Tanzania,
have inadequately addressed the issue of developing clear frameworks and
models to effectively implement eco-innovation activities, and assess their
impact on environmental performance. Thus, this is the research gap that this
study addresses: to assess the effect of eco-innovation on environmental
performance from the perspective of manufacturing industries.

Hence, the following research questions were addressed to assess the effect of
eco-innovative activities on the environmental performance of manufacturing
industries:
a) What are the eco-innovative activities in manufacturing industries that
enhance environmental performance?
b) To what extent are eco-innovative activities implemented in manufacturing
industries?
c¢) What are the challenges hindering manufacturing industries from being
eco-innovative?

With regard to the research questions and a thorough examination and
analysis of prior research, a conceptual framework for assessing eco-innovation
on environmental performance is constructed and depicted in Figure 1.

Solid and liquid waste
reduction

Track the amount of
greenhouse emissions

Product development

with less material Eco-Innovation

Activities in
Manufacturing
Industries

Environmental

Improving the Performance
compliance to

environmental policies

Develop product with /

less amount of waste

Noise and Vibration
reduction

Figure 1: Conceptual Framework for Eco-innovation on

Environmental Performance
Source: Author

As indicated in Figure 1, implementing eco-innovation activities in
manufacturing industries—including (but not limited to) solid and waste
reduction, 1.e., scrap, contaminated water, and acidic water from the process—
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would drastically impact the surroundings. Manufacturing industries could
also install a system that tracks the amount of greenhouse emissions and notify
responsible technical teams in real-time using advanced technologies such as
the Internet of Things (IoT) to take measures. Manufacturing industries could
also develop products with less waste, especially by ensuring that the waste
produced is recycled, thereby reducing the amount of waste dumped in the
environment (Shen & Zhang, 2023). All these eco-innovative activities, if
carefully implemented, eventually promote environmental performance.

3. Material and Methods

The study employed a mixed-method approach to collect data and analyse the
results. To capitalise on the advantages of both qualitative and quantitative data,
the approach was used to generate sufficient data to expand and elaborate the
study’s problem (Creswell & Plano Clark, 2011; Kivunja & Kuyini, 2017). The
approach 1s useful in integrating the two data forms to obtain more information
and evidence from the study’s sample. In this study, the approach was also
particularly helpful in understanding the effects of eco-innovation in
manufacturing industries on environmental performance within the selected
companies. The convergent parallel design was employed to collect, analyse, and
integrate qualitative and quantitative data and results simultaneously. In this
case, both strands were conducted concurrently, but independently. The study was
conducted in Dar es Salaam because it is the economic hub of Tanzania, which has
a large population. Also, as specified in the censor of industrial production, the
region is highly industrialized; with the largest number of manufacturing
establishments, accounting for nearly 15.1% of Tanzania’s mainland (UNIDO,
2017). Also, there is limited literature regarding eco-innovation’s effect on
environmental performance, especially for products that directly impact the
environment, i.e., consumable goods. Therefore, the targeted population for this
study were the manufacturing industries dealing with consumer goods.

Moreover, equation (1) was employed to calculate the sample size for the
study’s unknown population (Taherdoost, 2017; Maganga & Taifa, 2022):

p(1—p)*Z*
n=——5 €Y
e
Whereby n i1s the needed sample size, p is the proportion occurrence of a
condition, e is the needed marginal error, and Z is the corresponding value
of the significance level of confidence required.

The percentage of a sample having a characteristic (p) is 10%, with a confidence
interval of 90% (Z = 1.645), and a marginal error (e) of 10%. Substituting these
values into equation (1) yields 25 as the sample size. However, because Dar es
Salaam is highly populated with manufacturing industries, and thus the need for
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reliable results, a total of 39 manufacturing industries were involved in this
study. In the data collection phase, a closed-ended questionnaire was used to gain
insights and a deeper understanding of the research problem. The questionnaire
was divided into sections to obtain demographic information about the study
respondents, eco-innovative activities in industries that improve environmental
performance, the extent to which eco-innovation impacts environmental
performance, and the challenges preventing industries from being eco-innovative.
In addition, one questionnaire was provided to each manufacturing industry to
be filled out by respondents working in the environmental department, research
and development personnel, and top management personnel based on their
experience, position, and eco-innovation knowledge.

Furthermore, to effectively analyse data, the researchers systematically and
logically organised the collected data to facilitate the analysis process using
qualitative data analysis techniques. Minitab® (version 21), Microsoft® Excel
2016, and SPSS® software packages collaboratively analysed all the gathered
data. The software packages were deliberately employed to analyse the
respondents’ demographic information, i.e., descriptive analysis, analysis of the
eco-innovative activities in manufacturing industries, and the analysis of the
implementation challenges. Moreover, the questionnaire’s validity, reliability, and
readability were tested. The research deployed a clean dataset, face validity, and
content validity to establish the validity of the data to be collected and
systematically analysed (Bolarinwa, 2015). To determine the reliability, this study
computed Cronbach’s Alpha (a) (homogeneity or internal consistency) (Nchalala et
al., 2023). The SPSS software was used to compute the Cronbach’s Alpha value.

4. Results and Discussion

A Cronbach’s Alpha value was computed to measure the internal consistency of
the closed-ended questionnaire (Leung, 2015). As per Lewis-Beck et al. (2011), a
reliability of at least 0.7 is required for the used questionnaire and obtained results
to be valid (Nchalala et al., 2023). During the computation, the questionnaire
items were entered into the SPSS software, with each item being placed in a
separate column, and the respondents’ answers in separate rows. The analysis
was done, and the Cronbach’s Alpha for the study was 0.9725, which showed
higher internal consistency (Lewis-Beck et al., 2011). With the higher internal
consistency of the questionnaire, the respondents’ demographic information in the
visited manufacturing industries was as follows. Male participants who were
representing their companies during the study were 33 (93%), and females were 6
(7%). In the case of years of experience, twelve (12) participants had less than one
year, six (6) had between 1 to 3 years’ experience, three (3) had experience of 4 to
5 years, and eighteen (18) had experience of more than five years.

The results further showed that respondents with high school/diploma/full
technician certificate (FTC) were 3, 36 had bachelor’s degrees, and none had a
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master’s degree or PhD. The age range was as follows: 18-25 years (15), 26-35
years (18), 36—45 years (6), and no respondents had 46-55 and above years.
This demographic information indicates that men were more readily available
to respond than females, probably because they were more employed in the
manufacturing industries than women, following the nature of the jobs within
the industries. It is also evident that the young generation, aged around 18 to
35 years, are employed in the manufacturing industries.

Moreover, the respondents identified several eco-innovation activities in the
manufacturing industries. These activities were further analysed by ranking
them according to their impact on environmental performance, according to the
Pareto principle (Taifa, 2016). As indicated in Figure 2, the significant
indicators for environmental performance include developing products that
cause the least waste, and improving environmental compliance to monitor and
assess the environment. This implies that when manufacturing companies
plan to reduce various environmental-related waste, they should consider all
highlighted indicators in Figure 2. However, if a company has more resources,
it can also consider the many trivial indicators shown in Figure 2.
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Figure 2: Environmental Performance Indicators
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To establish the extent to which eco-innovation activities are implemented in
manufacturing industries—which eventually influences environmental
performance—respondents were also asked to respond on the level or status of
implementing the identified activities, ranging from ‘not implemented’ to ‘fully
implemented’. This was done using a 5-Likert scale: ‘not implemented’ (1);
‘planning stage’ (2); ‘partially implemented’ (3); ‘close to completion’ (4); and ‘fully
implemented’ (5).

As indicated in Figure 3, as regards lowering material consumption per unit of
produced products, 7.7% of the responses showed that their industries had not
lowered the material consumption per unit of produced products; 7.7% said that
they were at the planning stage, 46.2% indicated that the industry had partially
implemented eco-innovation, 23.1% said that this was close to completion, and
15.4% indicated that this had fully been implemented. Regarding the use of
cleaner process technology for the produced products, the results were as follows:
23.1% — fully implemented; 15.4% — close to completion; 53.8% — partially
implemented and 7.7% — planning stage. None of the respondents indicated that
eco-innovation implementation had not started.

Are produced products have lower toxic air emissions... NG | —]
Are products produced with cleaner process technology? NGNS s
g Is your organization conducting R&D to develop new... [IINNEGEGGNGEEE s
é‘ Are there recycled waste, water, or materials? [ NG | —
o
:>,- Is there reduced contamination of the soil, water, noise,... NG ==
<
Are materials replaced with less polluting or harmful... INERREREGG_—EE — |
Is material consumption per unit of production reduced... [INRNEGGG_GGG_— ==
0 10 20 30 40 50
Frequency
® 1-Not implemented ® 2-Planning stage m 3-Partial Implemented

4-Close to completion m 5-Fully implemented

Figure 3: Extent of Implementing Eco-Innovation Activities in
Manufacturing Industries

The study further determined whether soil contamination, water, noise, or air
pollution were reduced. The responses were: 7.7% — did not manage to reduce
the contamination and were at the planning stage by 15.4%; 30.8% — partially
implemented; 23.1% — close to completion; and 23.1% — fully implemented.
Also, the study found that manufacturing companies were recycling waste,
water, or materials by 30.8%; those close to completion of the process were
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15.4%%; those that had partially implemented this were 30.8%; while those at
the planning stage were 7.7%. Only 15.4% of manufacturing industries had not
started recycling their waste materials.

Manufacturing industries (MIs) were also fully performing R&D to create new
products, reducing toxic air emissions by 38.5%. Of the respondents, 7.7%
indicated that performing R&D to create new products to lessen toxic air emissions
was not implemented in their industries, 23.1% indicated that MIs were at the
planning stage, and 7.7% indicated that their companies partially performed R&D
programmes. For products produced with cleaner process technologies, 7.7% of the
respondents suggested that this was not implemented in their firms, while 23.1%
suggested that producing products with cleaner process technology was at the
planning stage. Fifty-six percent indicated that industries were partially
implemented; 23.1% said they were close to completion, and 38.5% reported that
their industries had fully implemented cleaner process technology. These findings
align with those of Khan et al. (2021), who examined the influence of green
innovation in processing industries for environmental sustainability. Khan et al.
(ibid.) highlighted that green design, eco-labelling, green marketing, and green
consumerism must address sustainability through eco-designing.

However, the factors influencing most manufacturing industries were partially
implemented, as shown in Figure 3. Kumar et al. (2021) suggested that packages
have been a disaster in the environment, so using recyclable and reusable
packages in industries is a great environment saver. It has been advanced that
eco-innovation’s influence on the environment affects industries and fosters the
quality of eco-friendly products. Since the quality of products can be explained
as the degree of excellence or meeting and/or exceeding customer satisfaction
(Nzumile & Taifa, 2019), there is a high chance that eco-innovation practices can
also contribute to improving the quality of products (Nzumile & Taifa, 2021a),
increasing customer satisfaction (Nzumile & Taifa, 2021b), reducing the waste
of materials during production (Taifa et al., 2021): hence ultimately increasing
the productivity of industries (Mwasubila et al., 2022).

In addition to the eco-innovation activities and the extent of implementing
them in the manufacturing industries, respondents were also asked to rank
barriers towards eco-innovation. Figures 4 and 5 present the factors hindering
eco-innovative practices, and factors hindering manufacturing industries from
being eco-innovative, respectively.

Among all the technological challenges (Figure 5), the most ranked high was
the unavailability of technology for specific applications (62%). For the
financial barriers, it was found that economies of scale prevent investment in
waste reduction options (e.g., in-plant recovery technologies) by 70%. Finally,
regarding consumer-related barriers, there was the challenge regarding the
higher price of eco-innovative products, which was 62%.
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Figure 4: Histogram of the Factors Hindering Eco-Innovative Practices
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and C1-C2 = Consumer-related barriers. All abbreviations are in Figure 5.
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Figure 5: Factors Hindering Manufacturing Industries from Being
Eco-innovative
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The findings from Figure 5 are in line with other studies. For example, Pinget
et al. (2015) studied various barriers to environmental innovation in
manufacturing for small and medium enterprises (SMEs) across France. Their
study found several factors—including legislation and technological barriers—
hampered eco-innovation in SMEs. Likewise, in their project report measuring
eco-innovation, Kemp and Pearson (2008) argued that financial barriers and
technological capabilities were among the challenges hindering eco-innovation.
Other studies that had similar findings include Fernando and Wah (2017)
whose study explored the impact of eco-innovation drivers on environmental
performance in Malaysia. Similarly, Fernando and Wah’s (2017) study on the
green technology sector found that green technologies were expensive and
could not be afforded by many manufacturing industries. Meanwhile, in their
investigation of the regulations, firm perceptions, eco-innovation, and firm
performance, Doran and Ryan (2012) found that deploying eco-strategies in
industries activates higher prices, increases competition and losses; thus,
leading to more industries abstaining from being eco-innovative.

5. Conclusion, Recommendations and Implications

The study findings reveal that the technological factor that ranked the highest
was the unavailability of technology for specific applications (62%). This shows
a need to invest in eco-innovation throughout the manufacturing industries. The
findings also indicate crucial environmental performance indicators. Such
indicators include developing products with the least waste, performing
environmental improvement programmes, reducing solid and liquid waste, and
tracking products contributing to waste reduction. Among the intriguing finding
is that approximately 53.8% of the industries have not replaced materials with
less polluting or harmful alternatives. Some of the reasons given for this include
inadequate commercial incentives, such as interest-free loans or subsidies.
Therefore, this study recommends that manufacturing industries take vibrant
measures to become more ecologically friendly. Where necessary, the
government should enact regulations that proactively foster eco-competitive
tactics by providing green infrastructure and coaching knowledge. More
importantly, manufacturing industries should embrace the emerging
technologies of the fourth industrial revolution, such as smart manufacturing
(Shen & Zhang, 2023), which can cut production costs enormously, reduce the
amount of material used per unit, and provide numerous environmental benefits.

Moreover, it is anticipated that this study will be of great significance to
policymakers in understanding the impact of environmental regulation on eco-
innovation and environmental performance. Additionally, it also provides
information to the assessed manufacturing industries on how to adjust to the
standards required for eco-innovation in facilitating positive environmental
performance. Also, the study has added to the body of knowledge on eco-
innovation for future empirical research.
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