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Abstract

Globally, energy demand has increased significantly whereby consumption of
nonrenewable energy is dominant. The reliance on nonrenewable energy sources, not
only threatens the efforts to achieve the stated Sustainable Development Goals but also
affects community’s participation in the economic activities. The increased concern
over resource depletion, and environmental impacts, has suggested future reliance on
renewable energy. Tanzania has high levels of solar energy, whose exploitation could
contribute significantly to energy access. Despite the benefits of renewable energy use,
studies to establish factors for energy choice by manufacturing Micro Small and
Medium Enterprises (MSME’s) in Tanzania are inadequate. Hence, this study intended
to establish the dominant factors for the choice of solar energy by manufacturing
industries, and workers perceptions about sustainable manufacturing practices. A cross
sectional survey research design was employed whereas questionnaires were used to
collect data (n = 236) from employees working in the manufacturing MSMEs’ in the
selected districts in Morogoro region. A descriptive, Confirmatory Factor Analysis
(CFA) and a multinomial probit (MNP) model were employed to establish the dominant
factors for the solar energy use. The MNP results (tested at : 95% confidence level)
indicated that not expensive energy source (Pvalue = 0.01) and other factors, including
availability of solar appliances (Pvalue = 0.02) have significant influence on industry’s
choice of solar energy, while choice of hydro-electricity was significantly influenced
by not expensive (Pvalue = 0.01) and advised to use energy source (Pvalue = 0.001).
Easy access (Pvalue = 006), and not expensive energy source (Pvalue = 0.001) were
found to have significant influence on the use of fossil fuels. Also, the CFA results
indicated that all factors i.e., environmental, social, and economic have significant
influence on the workers perception about sustainable manufacturing practices. The
results therefore, provides critical information to policy making institutions in Tanzania
to make informed decisions on the formulation of national strategies that attracts use of
renewable energy for manufacturing sustainability.
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INTRODUCTION

Energy is not only a basic necessity but also an important parameter for the satisfaction of all human needs
whereas the magnitude of energy use is critical for the country’s social-economic development (Urbano et al., 2021).
Usually energy sources are categorized into conventional and renewable. The former is the energy generated from
nonrenewable sources including fossil fuels (i.e., coal, oil and natural gas) that have many challenges particularly
global warming, the situation which has made majority countries of the world to introduce policies that encourage
adoption of renewable energy technologies. The latter constitutes energy generated from various renewable energy
sources such as sunlight, biogas, wind, hydropower, tides, waves and geothermal heat. To date, renewable energy
sources have been widely used for different domestic and industrial applications such as electricity generation, space
heating, and off-grid mainly for rural energy services e.g., lighting, charging mobile phones and powering machines
(Lyakurwa and Mkuna, 2019; Kumar and Majid, 2020). The world’s energy use statistics revealed that industrial
sector uses more delivered energy compared to other end-use sectors which consumes more than 54% of the world’s
total energy (IEO 2016). The manufacturing industries mainly cement, iron and steel are categorized as the energy
intensive industries.
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Apart from the energy intensity of manufacturing sector, population growth and the country’s implementation
of industrialization agenda especially in developing countries has triggered the increase in the global energy demand.
The International Energy Outlook report (IEO 2021) indicates the global energy demand to have increased from 470
in 2010 to 610 British thermal units (Btu) in 2020, and projected to approximately 820 Btu in 2050 such that
consumption of nonrenewable energy is dominant. The reliance on nonrenewable energy sources for domestic and
industrial use, not only threatens the efforts to achieve the Sustainable Development Goals (SDGs: 7) which
emphasizes on access to reliable, clean and affordable energy; and SDGs: 13 about climate action, but also affects
community’s participation in the economic activities especially in rural areas which are not connected to the national
electricity grid. Stern, (2006) documented that despite the fossil fuels to have significant contribution to the world’s
socio-economic growth, yet they release Green House Gasses (GHGs) mainly carbon dioxide (CO;) and
Chlorofluorocarbons (CFCs into the atmosphere that are main drivers of the global warming and climate change. EPA
(2021) revealed that the global CO2 emissions resulted from burning fossil fuels has increased significantly from 500
to 10,000 million metric tons in 1900 and 2010 respectively, which was the main reasons for the integration of
alternative energy sources into the national energy mix.

The increased concern over resource depletion (i.e., fossil fuels), environmental impacts, and increased energy
price has suggested future reliance on renewable energy sources for different applications (Worrell et al., 2009; H66k
and Tang, 2013; URT, 2021). Though the world is blessed with various renewable energy sources, yet only 16% of
the total energy consumption comes from renewables whereby the traditional biogas is dominant contributing about
10%, 3.2% hydroelectric power, and other renewables contributing 2.8% (UNEP, 2011). Globally, the total energy
supply by sources comes more from fossil fuels including oil (34.6%), coal (28.4%), and natural gas (22.1%) than
renewable energy contributing only 12.9% (IPCC, 2012). Considering the health impacts of fossil fuels, and lack of
access to reliable, clean and affordable energy sources, majority countries of the world have invested heavily on
renewable energy sources. For example, the developing countries outpace developed countries in terms of renewable
energy investment whereas in 2019, a total of $152.2 billion was invested compared to $130 billion energy investment
in developed countries (UNEP 2020). While there is significant increase in renewable energy investment in the
developing and middle-income countries in which largest finance was on solar energy, yet China and India have
lowered their investment. Moreover, the majority countries of Africa have attained the highest level of investment in
renewable energy sources excluding South Africa such that the total investment raised from $750 million to $3.6
billion because of strong performance that was realized by some countries including Egypt (UNEP, 2011).

In efforts to increase access to clean energy, and compliance to the SDGs, the government of Tanzania has
invested a total of $112.4 million for the off-grid generation of energy for the past twelve years i.e., 2007 - 2019
(IRENA and CPI, 2020). Despite the significant investments in renewable energy technologies, yet its adoption is
inadequate. Hence, Worrell et al., (2009), Urbano et al., (2021) suggests a paradigm shift by industries including
manufacturing Micro, Small and Medium Enterprises (MSME’s) from fossil fuels to use of renewable energy. This
situation was caused by increased fossil fuel prices, environmental impacts and lack of connection to the national
electricity grid or powering the machines during power rationing. This was also identified by OECD (2018), whereby
small and medium enterprises mainly those in the manufacturing sector have high environmental footprints in which
they contribute about 60 - 70% of the total industrial pollution in Europe whereas switching from fossil fuels to
renewable energy was critical. Presently Tanzania is blessed with many renewable and non-renewable energy
resources whereas the country produces natural gas and coal for electricity generation. Bonjour et al. (2013)
documented that more than 85% of the population in Tanzania uses traditional fuels for various domestic uses.
According to Bishoge et al. (2018) about 32.8% of communities in Tanzania have access to electricity such that more
communities in urban areas have more access i.e., 65.3% than communities residing in the rural areas of the country
i.e., 34.7%.

The study added that, out of the total electrified households about 75% are electrified with the national energy
grid, 24.7% with the solar energy and 0.3% are electrified with individual electricity generated from other sources like
small generators. These findings revealed the potential of solar PV in increasing energy access particularly to the
communities leaving in the rural areas of Tanzania. The Africa Energy Outlook Report of 2019, indicates that Africa
has the richest solar resources in the world, yet the continent has installed only 5 gigawatts (GW) of solar PV which
is less than 1% of the global installed capacity (AEO 2019). In Tanzania, solar home systems, and small-scale
commercial systems amount to about 75% of the total PV installed capacity whereas it contributes significantly to the
country’s solar market (Ondraczek, 2013). For example, in the year 2008, only 40,000 solar home systems were
installed whose annual sales ranged between 4,000 and 8,000 units (IRENA, 2017). Similarly, Tanzania has high
levels of solar energy, ranging between 2,800 to 3,500 hours of sunshine per year, and a global radiation of between
4 to 7 kWh per square meter per day whose exploitation can contribute significantly to the energy access (Sarakikya
2015, TIB 2021). This was also found by Aslam et al., (2021) study which documented that majority African
governments like Tanzania can increase number of population/households with access to reliable, clean and affordable
energy through utilization of renewable energy sources particularly solar PV which is readily available. Bishoge et
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al., (2018) added that renewable energy will increase direct and indirect employment opportunities in Tanzania from
10.3 million in 2017 to about 24 million in 2030.

Despite the opportunities available in exploitation of renewable energy sources including solar PV, studies to
establish solar energy choice decisions by manufacturing industries are inadequate. The conceptual framework
presented by Figure 1 explains the link between manufacturing enterprises use of solar energy for various production
activities and sustainable manufacturing practices. Whereas Chiarini (2014) defines sustainable manufacturing as the
creation of goods via environmental and economically-sound processes with conservation of energy and natural
resources.

Political-institutional
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Figure 1: Conceptual Framework: Source (Author’s construction, 2022)

Theoretical Framework

This study was guided by the Innovation Decision Process theory which is among the four theories of diffusion
as discussed by Rogers (1995) like innovation decision process, individual innovativeness, rate of adoption and
perceived attributes. ISO (2020) innovation refers to the “new or changed entity realizing or redistributing value”. The
innovation decision process theory explains diffusion as a process which occurs over time in five different stages such
as knowledge, persuasion, decision, implementation and confirmation (IBID). Also, Rogers (2003) describes diffusion
as the process through which the innovation is communicated via certain channels over time amongst members of a
social system such that the theoretical foundation of diffusion theory is based on the four distinct elements including
innovation, communication channels, time and social systems i.e., the potential chasm between the early and the
adopting majority. The theory contends that all potential adopters of an innovation must learn about the innovation,
be persuaded as to the advantages of the innovation, decide to adopt, implement, and confirm i.e., reaffirm or reject
the choice to innovation. Usually many population groups and individuals perceive the same innovation differently
due to certain characteristics such as relative advantage whereas the most obvious attribute which adopters seek in a
new technology is the degree to which an innovation is perceived better than the previous idea (Eder et al. 2015).

According to Greenhalgh et al., (2004) all potential users will not consider the innovation if they do not see its
relative advantage which are measured in economic returns and social factors mainly user’s satisfaction and prestige
which control individual’s perceptions. Hence, diffusion of innovation is relatively complex particularly in the
developing countries whereby understanding the perceptions of adopters’ i.e., early adopters, early majority, later
majority and laggards is necessary. Also, the study to investigate min-grid electricity diffusion in the rural settings of
China; revealed that diffusion from end user’s perceptions’ is determined by various social traits such as satisfaction,
supply behaviors, positive and negative experiences (Shyu, 2013). Moreover, this study concluded that adopters were
not satisfied with the electricity generated by the min-grids since it was insufficient and unreliable. Different results
were obtained by a qualitative study conducted by Mallett, (2007) whereas social acceptance was neglected in
adoption of renewable technologies i.e., solar water heaters. Therefore, based on the existing dilemma about the
diffusion theory of innovation, the proposed study intended to establish the determinants of solar energy choice by
manufacturing MSME’s in Tanzania.

DATA AND METHODS
Study Area

The proposed study was conducted in the Morogoro Municipal council, Mvomero district, Kilombero and
Kilosa district councils forming the seven (7) districts of Morogoro region in Tanzania. The region is located at
latitudes 6.8278°South of equator and longitudes 37.6591° East of Greenwich Meridian. Morogoro region covers an
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area of 70,624 Sq. Kms and a population of 2,218,492 with the household size of 4.4 (URT 2013). This study was
conducted in the selected districts of Morogoro region because many households are livestock keepers and farmers
whereby their produce requires value addition by manufacturing MSME’s. According to URT, (2012) enterprises are
classified into four (4) main groups based on the total number of employees, total investment, and sales turnover
(Table 1).

Table 1: Categories of Micro, Small, Medium and Large Enterprises

Category Employees Capital investment in Machinery (TZS)
Micro enterprise 1-4 Up to 5 million
Small enterprise 5-49 Above 5 million to 200 million
Medium enterprise 50 -99 Above 200 million to 800 million
Large enterprise 100+ Above 800 million

Source: URT, (2012)

Also, the region has adequate number of renewable energy sources such as solar PV, biomass, biogas, wind
and hydro power, to mention few. Despite the fact, the selected districts as other districts in Morogoro region
experiences inadequate access to reliable, clean and affordable energy sources the situation which force them to
depend on non-renewable energy for different domestic and industrial applications. The dependency on non-
renewable energy sources can be a sign of the regions’ failure in realizing the Tanzania National Five-Year
Development Plan 2021/22 - 2025/26, National Strategy for Growth and Reduction of Poverty (NSGRP), the SGDs,
and the Tanzania Development Vision 2025 (URT, 1999; URT, 2005; URT, 2021). Thus, establishing the dominant
factors for the manufacturing MSME’s use of solar energy is critical towards achievement of the NSGRP, SDGs,
Tanzania vision 2025 and the National Five-Year Development Plan 2021/22 - 2025/26.

Research Design

This study has employed a cross sectional survey research design to establish solar energy choice decisions by
the manufacturing MSMEs in Tanzania. According to Krishnaswami and Ranganathan (2005), Ndunguru (2007), this
design enabled one to collect large amount of data at one location in time, and in the most economical way. This
method was also supported by Yin (2003) by indicating that, a cross sectional survey design is mostly appropriate
when the study intends to answer the questions of who, what type, where, how many and how much questions as
revealed in the study.

Sources of Data and Data Collection Process

The targeted population was manufacturing MSME’s in Morogoro Municipal council, Mvomero, Kilombero
and Kilosa district councils. A well-structured questionnaire, interviews and focus group discussion was used to collect
primary data from the manufacturing MSME’s located in the selected districts in Morogoro region (a sample size (n)
of 236 enterprises). The multistage sampling technique was also applied in the selection of representative
manufacturing MSME’s in the selected districts whereas descriptive and inferential statistical methods were used in
the data analysis.

METHODS FOR DATA ANALYSIS
Modeling Drivers for the Solar Energy use by Manufacturing MSME’s

The multinomial probit (MNP) models have been widely used in modeling discrete choices including choice
of a particular voter in a multiparty election (Michael and Nagler 1998), choice of graduation year by high school
students (Jepsen 2008), the household choice of fuelwood source (Jumbe and Angelsen 2011), and household’s choice
of energy for cooking, heating, lighting and powering machines (Lyakurwa and Mkuna 2019), due to the feasibility
of predicted probabilities that are obtained from the multiple choices. This study therefore, has employed a MNP in
favor of other probabilistic choice models like multinomial logit model (MNL) based on the assumptions related to
the residual values. The MNL models usually assume residuals to be identical and independently distributed while
MNP models consider residual values as independent and normally distributed (Maddala 1983). The solar energy
choice model will be presented as: -

Energy Choices (Yi) = ot SiXint+ S2Xo0F oot i vv oo v ce e e (1)

where by the Yir is a categorical value for energy choices, X represents social-economic factors including
financial capability, policy incentive, and solar technology advancement, among others. The energy choices
considered in the selected districts are such as solar PV, hydro electric-power and fossil fuels e.g., diesel and coal
whereas the proposed study assumes that, manufacturing MSME’s will use energy sources that have the highest utility.
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Worker’s Perceptions about Sustainable Manufacturing Practices

The Structural Equation Modeling (SEM) through Confirmatory Factor Analysis (CFA) technique was
employed to establish factors influencing worker’s perceptions about sustainable manufacturing practices. Haroon et
al., (2021) sustainable manufacturing practices are influenced by various factors such as environmental (e.g., reduced
use of resources like water and energy; reduction of waste generation and pollution emission), social factors (e.g., the
welfare of local community and employees, legal and ethical behavior of staff and employers as well as obedience to
government laws and regulations), and economic (e.g., reduced cost of solar items, increased productivity, cost of
waste disposal and increased use of appropriate technology). Also, the ANOVA test was used to test the hypothesis
that, “Workers perceptions have significant influence on implementation of the sustainable manufacturing practices
by manufacturing MSME’s”. Lastly, a MNP model was developed to establish how workers’ perceptions about
sustainable manufacturing practices can influence choice of sustainable manufacturing practices by a manufacturing
MSME’s in Tanzania.

RESULTS AND DISCUSSION
Descriptive Results for the Energy Choice Decision by Manufacturing MSMEs’

The descriptive results for the gender, age, reason for the energy choice, and the working experience of the
working staff in the selected manufacturing MSME’s in the four districts in Morogoro region of Tanzania are
presented by frequencies (N) and percentages (%). The results (Table 2) revealed that out of 232 respondents,
168(72%) were male and 64 (28%) were female workers. This implied that the majority working staff in the surveyed
manufacturing MSMESs’ were male and could be caused by nature of jobs performed which are masculine and requires
energetic person. In regard to age of the workers, out of 236 respondents, 38 (16%) aged between 18-24, 83(35%)
aged between 26-31, 80(34%) aged between 32-38 while 35(15%) were found to age 39 years and above. This implies
that majority working staff ages ranges between 26 and 38 years old, the generation which is energetic and matured
enough to work in working environment that need masculine people. Also, about 91(41.7%) the majority workers
have a working experience of 1-5 years while 78(35.8%) were found to have a working experience of between 6 and
10 years.

In terms of the manufacturing MSMESs’ reason for the choice of the energy source, the results (Table 2) revealed
that energy efficiency is the main driving factor guiding industries choice of natural gas 138(63%), hydro-electric
energy146(63.2%), solar PV 115(62.2%) and fossil fuels 140(65.7%) for different industrial applications such as
lighting, heating and powering the machines. This implies that energy efficiency is the main controlling factor for the
choice decision for energy source by manufacturing MSMEs’ in Tanzania followed by the easy to access the energy
source. Besides, the results indicated that easy to access the energy source ranked 2 after energy efficiency such that
the scores in each energy source was as follows: 54(25%) for the natural gas, 57(24.7%) for hydro-electric power,
43(23.2%) solar PV and 50(23.5%) for the fossil fuels accordingly.

Table 2: Descriptive results for the energy choice decision by manufacturing MSMEs’

S/No. Variable measure /Reason for choice N % Rank
Gender Male 168 72
Female 64 28
Total 232 100
Age 18-24 38 16
25-31 83 35
32-38 80 34
>39 35 15
Total 236 100
Working 1-5 91 41.7
experience 6-10 78 35.8
11-15 19 8.7
16-20 19 8.7
>20 11 5.0
Total 218 100
Natural gas Energy efficiency 138 63 1
Easy to access 54 25 2
Not expensive 16 7 3
Advised to use 7 3 4
Others 3 1 5
Total 218 100
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S/No. Variable measure /Reason for choice N % Rank
Hydro-electric Energy efficiency 146 63.2 1
power Easy to access 57 24.7 2
Not expensive 17 7.4 3
Advised to use 7 3.0 4
Others 4 1.7 5

Total 231 100

Solar PV Energy efficiency 115 62.2 1
Easy to access 43 23.2 2
Not expensive 16 8.6 3
Advised to use 6 3.2 4
Others 5 2.7 5

Total 185 100

Fossil fuel Energy efficiency 140 65.7 1
Easy to access 50 23.5 2
Not expensive 17 8.0 3
Advised to use 3 14 4
Others 3 14 5

Total 213 100

*N = frequency, Percent = %

MNP Model Results for the Choice of Natural Gas by Manufacturing MSMEs’

The MNP results for manufacturing MSME’s choice of a natural gas is presented (Table 3). The MNP results
revealed that the majority manufacturing industries use natural gas because of the energy efficiency (Pvaie < 0.05),
advised to use (Pvae = 0.001) and other factors (Pvae < 0.005) than what appears on the model (Table 3). The results
imply that users prefer energy source with the highest efficiency and also, they have prior information about energy
source before going to purchase, and use the source in the industrial operations. Also, other factors than easy to access,
not expansive, energy efficiency, and advised to use have significant contribution to industry’s use of natural gas for
different manufacturing process. The results are in-line with the study by Mathur et al., (2022) which revealed that
natural gas has many benefits to industrial applications including lower capital and operating costs, high energy
efficiency and lower GHG emissions compared to other fossil fuels.

Table 3: MNP model results for the choice of natural gas

. mprobit Reason choice ng, iterate (3)

Iteration 0O log likelihood = -100.87222 (not concawve)
Iteration l: log likelihood = -100.&85253 inot concave)
Iteration 2 log likelihood = -100.64554 (not concave)
Iteration 3: log likelihood = -100.62923 (not concawe)
convergence not achiewved

Multinomial probit regression WNurber of obs = a7
Wald chil (3) =
Log likelihood = -100_&2523 Prab > chiZ =
Reason_choice Coef . S5td. Err. = P=lz| [95% Conf. Interwval]
Easy to_access
ng .23€51€8 .5015524 0.47 0.e28 -.7472937 1.220327
_cons —.4720€82 .45052¢€¢ -1.05 0.295 —1.3558¢8 -411721¢
Hot_expensive
ng .Bl41831 -7194324 1.13 0.258 —.595B8784 2.224245
_cons -1.€€5314 .€T201ES -2.48 0.013 -2.98€443 -.352182¢2
Energy efficiency {base outcome)
Idvised to_use
ng 12.50821 .320157¢ 3..07 0.000 1l.281€2 13.12€72
_cons -13.53022
Others
ng -13_33243 - - - - .
_cons -1.138354 .541431% -2.10 0.02¢ -2.155541 -.0771€EE
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MNP model results for the choice of solar PV by manufacturing MSMESs’

The MNP results for manufacturing MSME’s choice of a solar PV is presented. Table 4 presents the MNP
model results for the manufacturing MSMEs’ choice of solar PV for different industrial activities. The MNP results
revealed that the reason not expensive (Pvaiwe = 0.085), energy efficiency (Pvae < 0.05) and other factors than what
appears on the model (Pyae < 0.05) were found to have significant influence on the manufacturing MSMEs’ choice
of solar PV for different industrial applications. This implies that the cost of solar PV appliances, energy efficiency
and other factors like utility, availability and reliability of solar appliances are the main drivers for the industries to
choose solar PV for different applications. The results are similar to United States future energy (2021) report that
documented that apart from greening the environment, use of solar PV by manufacturing industries can create more
jobs, savings on electricity bills, increase access to clean - reliable energy and enhanced energy resilience. However,
the report added that there is need for awareness creation to employees, industry owners and other relevant
stakeholders about the benefit and cost of solar energy deployment for industrial production.

Table 4: MNP model results for the choice of solar PV

. mprobit Reason choice spw, iterate(3)
Iteration O: log likelihood = -218.01067 (not concawve)
Iteration 1: log likelihood = -21€.21284 (not concave)
Iteration 2: log likelihood = -21¢6.1045& (not concave)
Iteration 3: log likelihood = -215.5%58% (not concawve)
comrergence not achiewved
Multinomial probit regression Mamber of obs = 21%
Wald chi2 (4) = 1528 .64
Log likelihood = -215.5958% Prob = chil = 0.0000
Beason choice Coef . Std. Err. = == -4 [95% Conf. Imterwvall
Easy to access
SpT —.2464513 .2585511 -0.82 0.410 —-.8324247 -33%54422
_cons —.559€7027 .2552228 -2.30 o.021 =1.10477 —.0886354
Hot expensive
spr 1.053257 -E357201 1.72 0.085 —-.1528511 2_33528¢
_cons -2_581234 -E081837 -4 _25 0000 -3_773872 -1_38579¢
Energy efficiency {base ocutcome)
Advised to_use
spr -5155174 -E20€015 o.83 0.40& —_7008351 1.731874
_cons —2_48438¢ 5747152 -4 _32Z 0000 —3_€10815 -1_.357557
Others
SpAr 10_377e4 -2€7T733€ 38_7e 0000 S.852851 1030235
_cons =12 .5e517

MNP Results for Choice of Hydro-electric Power by Manufacturing MSMEs’

The MNP model results (Table 5) indicated that the reason not expensive, energy efficiency and other reasons
than what appears on the model have a Pyaiwe < 0.05, advise to use by experts or friends has Pyaie = 0.020. This implies
that such factors have significant influence on the industry’s choice of hydro-electric power for the various operations.
While easy access to hydro-electric power does not have significant influence (Pvaie = 0.193) on the industry’s choice
of this energy source. The results are in-line with Nasir (2014) study which documented that the hydro-electric energy
is preferred for industrial application because it is clean, affordable, reliable and has high energy efficiency, however,
it requires high initial investment cost the reason why even majority households are not connected to the national
electricity grid. Given its benefits, other study by Lyakurwa and Mkuna (2019) have suggested governments to endorse
taxi subsidy on electricity bills and connection charges mainly to those located in the rural areas.
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Table 5: MNP model results for the choice of Hydro-electric power

- mprobit Reason_choice hep, iterate(3)

Iteration 0O: log likelihood = -208.34454 (not concave)
Iteration 1: log likelihood = —-205.64041 {not concawve)
Iteration 2: log likelihood —-205.52824 (not concave)

Tteration 3: log likelihood
convergence not achieved

-205_.47117 {not concawve)

Maultinomial probit regression Humber of obs = 21s
Wald chil(4) = 3175.59¢
Log likelihood = -205.47117 Prob > chi2 = a_aaaa
Reason choice Coef. Std. Err. H P=lz| [595% Conf. Intervall
Easy to_access
hep -1.278428 -5825751 =1_320 0.1%3 -3 _205024 6481878
_cons -5152577 S5743412 0.53 0.554 -1.35037¢ 2_428571
Hot_expensive
hep 5.854452 176884 50.34 0.000 8.54818% 5.240755
_coons -10_.547¢
Energy efficiency (base outcome)
Rdvised to_use
hep $_09974¢ 281544z 32_27 0.000 8.547145 S _£52348
_oons —-11.54342
Others
hep —-2.483413 1l.0&738 -2.33 o.020 —-4.57544 —.35138¢€5
_cons -1725703 1.03€085% 0.17 0.8e7 -1_857727 2_203€87

MNP results for Choice of Fossil fuel by Manufacturing MSMEs’

The MNP model results for the manufacturing MSMEs’ choice of fossil fuels for different industrial
applications is presented (Table 6). The results revealed that all factors in the model have significant influence on the
manufacturing industry’s’ choice of fossil fuels i.e., usage of generators to power machines, and for lighting. The
reasons easy to access has a Pvaie = 0.006, while not expensive, energy efficiency, advised to use and other factors
than what appears on the model were found to have a Pyvaie < 0.05. The results have a lot of meaning looking at usage
of diesel generators in the majority manufacturing industries in Tanzania, and thus they provide an important
information to the energy policy making and planning institutions in Tanzania especially in formulation of strategies
towards deployment of renewable energy sources for manufacturing sustainability. The results are similar to the study
by Branca, (2021) which documented that process industries in Europe due to its energy intensity and Efficiency. The
same was found from the interview conducted to some workers in the manufacturing MSMEs who responded that: we
usually use diesel generators to power machines in the production line during hydro-power rationing and outbreak
because it is reliable, and it has high energy efficiency compared to other energy sources”.

Worker’s Perceptions about Sustainable Manufacturing Practices by MSME’s

The CFA model for the workers perceptions about sustainable manufacturing practices by manufacturing
MSMEs’ is explained by three constructs i.e., environmental (e.g., reduced use of resources e.g., water, energy, raw
materials, reduced amount of wastes generated and pollution (e.g., emissions of CO2), reduced climate change
impacts, and improved ecosystems’ supply of goods and services); social factors such as improved welfare of local
community and staff, improved legal and ethical behavior of staff and employers, builds staff/femployees obedience
to the Government laws and regulations and improved livelihood of the staff and entire community; and lastly the
economic factors i.e., reduced production cost, increased productivity, reduced cost of wastes disposal, increased
usage of appropriate technology as well as increased products quality (Figure 2).
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Table 6: MNP model results for the choice of fossil fuel

- mprobit Beason_choice ££, iterate(3)

Iteration 0O: log likelihood = —-121.6€152 (not concawve)
Iteration 1: log likelihood = -121_&€285¢ (not concave)
Iteration 2: log likelihood =121 _5€555 (not concave)

Iteratiom 3: log likelihood
convergence not achieved

-121.56€43 (not concave)

Multinomial probit regression Number of obs = 135
Wald chi2 (2} =
Log likelihood = -121.5£€43 Prok = chil =
Reason choice Coef. Std. Err. - B=lz| [55% Conf. Interwvall
Easy to_access
££ -1.21%283 4410034 -2.7€ 0.00€ -2.083&34 —-.354531%
_cons -17044 4004055 0.43 0.€70 —.€143423 .9552282
Not_expensiwve
££ 11.39374 .2144145 52.17 0.000 10.5755 11.8199%9
_cons —-12.85054
Energy efficiency {base outcome)
Aivised to_use
££ -13.€42¢€1 - - - - -
_cons -.420174¢ .45081£3 -0.35 0.240 -1.32137&58 -45324052
Others
££ -13.E3683 - - - - -
_cons —.8752244 51749762 -1.€39 0.091 —-1.850435 -1335503

The CFA model fitting results are presented by Table 7. The measurement components i.e., environmental
concern, social, and economic factors were employed to measure the endogenous latent variable i.e., perceptions about
sustainable manufacturing practices by manufacturing MSMEs’ in Tanzania. All factors i.e., environmental, social,
and economic (Pvaie < 0.05) were found to have significant influence of the workers perception about sustainable
manufacturing practices. Also, the model vs. saturated chi-squared test indicates the model is fit whereas no
modification indices to report because all modification indices value are less than 3.841. The results are in-line with
Aldewachi and Aya’g (2022) study which revealed that sustainable manufacturing practices are controlled by three
main pillars of sustainability i.e., social, economic and environmental factors whereas consideration of these factors
by manufacturing industries is critical.

Perceptions Environmental Concern (Env_cons)

Social Factors (Social fact)

env_conc| pocial facll | eco facl

O 0 ©

Figure 2: CFA Model for the workers perceptions about sustainable manufacturing

Economic (Eco_fact)
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Table 7: CFA model fitting results
note: The following latent wariable name is also present in the data: Perceptions.
(10 observations with missing walues excluded)
Endogenous wvariables

Measurement: env_conc social fact eco_fact

Exogenous wvariables

Iatent: Perceptions
Structural eguation model Number of obs = 232
Estimation method = ml
Log likelihood = -4354 12828
[ [env_conc] Perceptions = 1
OIM
Coef . S5td. Err. = Bxlz| [95% Conf. Intervall]
Measurement
env_conc
Perceptions 1l (constrained)
_cons 2_0€0345 -0344522 59.73 0.000 1.952741 2.127548
social fact
Perceptions 1.11770€ .1lel7087 €.91 0.000 .8007eB832 l.434g43
_cons 2.457845 -0378535 €5.95 0.000 2_423€53 2_57203¢
eco_fact
Perceptions -81%9107¢ S120393¢ €.80 0.000 -5831405 1.055075
_cons 1.75&897 -0354312 4555 0.000 1.€87453 1.82&34
wvar (e.env_conc) -1272107 .0225511 .0504441 .1280€153
var (e.social_fact) -1472858 -027584¢ -1020334 -212€078
wvar (e.eco_fact) -1slg8l0& .0215705 .153240¢ .240088¢
wvar (Perceptions) -148203 .02972¢4 -1000285 .215578¢
IR test of model vs. saturated: chil (0} = 0.00, Prob = chi =

The estimation of all equation’s parameters (Table 8) revealed seemingly unrelated regression estimate
parameters of all equations simultaneously such that the parameters of each single equation also take the information
provided by other equations into account.

Table 8: Equations parameters estimation

. sureg (Perceptions &ﬂU_COﬁC—ECO_faCZF

Seemingly unrelated regression

Equation Obs Parms EMSE "B-sgq" chiz B
Perceptions 232 3 .0E03326 0.9833 13688.33 0.0000
Perceptions Coef. std. Brr. z Bx|z| [95% Conf. Interval]

Perceptions

env_conc 3791148 .00%305 40.74 0.000 .360877 . 3973521
social_fact .308544 0085145 36.24 0.000 .201856 .325232
eco_fact .3694582 0084274 43.684 0.000 . 3529407 . 3859757
_cens -.1384018 0185611 =7.08 0.000 =. 1767409 -. 1000626

ANOVA test

The ANOVA test results revealed that the test hypothesis on “a worker’s perceptions have a significant
influence on implementation of the sustainable manufacturing practices by manufacturing MSMEs’ in Tanzania”. The
test results are presented in Table 9.

86



Journal of Industrial Engineering and Halal Industries (JIEHIS) P-ISSN 2722-8150
Vol. 3 No. 2 December 2022 E-ISSN 2722-8142

Table 9: ANOVA test results

- oneway Perceptions Operations_sustainable, tabulate

Operations_ Sammary of Perceptions
sustainable Mean Std. Dew. Freg.
Ho 1.5705705 .505€c85¢6 73
Yes 2.0474808 .523€5672 10€
Total 2.0lells2 .51794328 175

Inalysis of Variance

Source 55 df S F Prob = F
Between groups .255708201 1 .255708201 0.35 0.3303
Within groups 47 4955053 177 -26833€l88

Total 47 .7512135 178 -2€82€5244
Bartlett's test for egqual wariances: chi2(l) = 0.0820 Prob>chil = 0.203

The ANOVA test results indicated a F-statistic of 0.95, and a corresponding Pvaie 0f 0.3303 such that since the
Puvaiwe is > than alpha = 0.05, hence, we cannot reject the null hypothesis that “a worker’s perceptions have a significant
influence on implementation of sustainable manufacturing practices by manufacturing MSMEs’ in Tanzania. This
implying that, there is no statistically significant difference in the mean change in worker’s perceptions between at
least two of the sustainable operations groups.

CONCLUSION

The determinants for the manufacturing MSME’s choice of solar energy for different industrial applications
have been established. As the first study to model dominant factors for the manufacturing industries choice of solar
energy in the selected districts in Morogoro region, the key decision factors have been identified based on the
multinomial probit model (MNP) analysis. The energy efficiency, and not expensive (i.e., cost of solar PV appliances)
were found to be the main dominant factor for the choice of energy source to power the machines. Also, the CFA
results revealed that all factors i.e., environmental, social, and economic have significant influence on the workers
perception about sustainable manufacturing practices. Therefore, the CFA and MNP model results can be used by
energy policy making instruments in Tanzania to make informed decisions about renewable energy investment needs
for sustainable manufacturing practices by manufacturing MSME’s.
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