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re improvement in the Mbulu
district of Tanzania: does rural electrification
matter?

Hadija Matimbwa a and Marco E. Mng'ong'o *b

Access to electricity is crucial for basic human activities and serves as a direct measure of energy poverty. In

recent years, intergovernmental organizations have made significant strides in rural electrification to ensure

energy security for all (rural populations, the poor, and the vulnerable). In developing countries, there is

a positive correlation between rural infrastructure enhancement and rural livelihoods. Since the early

2000s, in Tanzania, there has been a major government rural electrification initiative to boost rural

development. However, the extent to which rural electrification improves rural livelihoods remains

unclear. This study was conducted to investigate the impact of rural electrification on household

livelihoods in Tanzania, using the Mbulu District as a case study. The study employed a mixed research

approach, combining qualitative and quantitative methods. The data were collected from 447

respondents through surveys and interviews with households in electrified and non-electrified areas,

where information such as income levels, health, education access, self-employment, and asset

ownership was collected. The results indicated a significant 45% increase in household income following

electrification compared to non-electrification. About 47% of the respondents earned over 1 000 000

Tsh per month post-electrification, compared to 6% before. Access to modern healthcare improved,

with 36% of the respondents being able to afford medication after electrification compared to 13%

before electrification. Furthermore, educational opportunities expanded where 31% of the children were

enrolled in private schools after electrification compared to 11% before electrification. Asset ownership

showed marked improvements, with fewer households living in mud houses (10% post-electrification,

down from 22%); all this confirms the significant impact of rural electrification on the improvement of

rural development and household livelihood. Our study concludes that rural electrification significantly

boosts household income, health service provision, education, and overall welfare which have

a significant impact on environmental management. It recommends continued investment and sustained

efforts from stakeholders, including the Tanzania Electricity Supply Company (TANESCO) to address

challenges hindering electricity service expansion in rural areas. This study provides a foundation for

informed policy decisions and actionable strategies to promote sustainable development in rural

communities.
Environmental signicance

This study demonstrates that rural electrication in Tanzania not only enhances household livelihoods but also contributes to environmental sustainability;
through increasing household incomes and improving access to modern healthcare and education, electrication reduced reliance on environmentally
damaging practices such as fossil fuel and biomass burning. Rural electrication improved asset ownership, led to better housing, and further reduced
environmental degradation due to minimized deforestation. Thus, there is a need to integrate rural electrication into environmental management strategies to
promote sustainable rural development and conservation efforts.
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1. Introduction

Access to electricity is fundamental to ensure basic human
activities and is a direct measure of energy poverty.1 In recent
years, signicant steps towards rural electrication have been
fostered by intergovernmental organizations with the scope to
ensure energy security for all—especially rural people, the poor
© 2024 The Author(s). Published by the Royal Society of Chemistry
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and the vulnerable.1,2 Lighting and cooking are basic daily
household activities and are strictly related to energy security.3

Nevertheless, in most developing countries like Tanzania and
the rural world, cooking and lighting are still done through
polluting, ineffective and dangerous kerosene stoves, animal
manure and primordial tools.4–9 To enhance environmental,
social and economic performances of rural households there is
a need for stable and accessible energy access as it has
a fundamental impact on daily household life improve-
ment.6,7,10,11 Studies show that besides behavioral and taste
aspects affordability and level of education, rural electrication
plays an important role in the context of the household-level
energy transition improvement.1,5,6,8,9,12–14

Rural areas in developing nations have been negatively
impacted by enduring challenges arising from limited access to
sustainable energy,15–20 which is essential for enhancing
household welfare in terms of social, environmental, and
economic development.21 Globally, over 860 million people lack
access to electricity as of 2018, which is a dropdown from the 1
billion in 2017.22–25 Of these, 80% reside in rural areas, attrib-
utable to the high costs of grid extensions, the remoteness of
villages and the scattered nature of village populations. In
addition, some 2.7 billion people still rely on conventional
energy sources for a variety of domestic tasks like heating,
lighting, and cooking.26 In rural Sub-Saharan African nations
like Tanzania, restricted access to sustainable energy has
blocked approximately 633 million people from having access
to electricity, according to the IEA's energy report.26 The Tan-
zanian government launched the initiative to promote rural
electrication, provide sustainable access to electricity, and
subsequently enhance household welfare in rural areas in
response to this predicament.

Rural electrication is the process of supplying electrical
power to remote locations and rural communities. This proce-
dure attempts to automate income-generating operations like
milking, food processing and storage, agricultural output, and
machine operation, expanding the usage of energy beyond
lighting and other domestic applications.26 Similar to urban
electrication, rural electrication refers to government
measures in a particular nation to guarantee the distribution of
power and energy in remote and rural areas. This government-
led initiative intends to improve rural residents' life quality
while facilitating the nation's transition from a lower to a higher
economic status.27 The government meets the larger share of
costs for the infrastructure and service fees in rural areas since
the majority of residents have limited incomes. This is because
the emphasis is on providing services as opposed to prot-
making. This is evident from the fact that rural energy is
extensively subsidized in the majority of countries, to the point
that service costs are far lower in comparison to urban areas.28

This demonstrates that these projects which are primarily
government-led initiatives are primarily aimed to improve rural
household welfare.

Several initiatives are in place around the world to address
the problem of rural electrication in general. By 2018 for
instance, 100 million people in India's urban and rural areas
had access to electricity, demonstrating the country's
© 2024 The Author(s). Published by the Royal Society of Chemistry
remarkable progress.26 According to the 2018 country-by-
country report from the International Energy Agency (IEA),
Africa is also advancing, with an estimated 595 million people
lacking access to electricity in 2018 compared to 610 million in
2013. This is because more people now have access to elec-
tricity, which has doubled from 9 million in 2000 to 20 million
in 2018.26 East African countries like Kenya, Tanzania, and
Ethiopia have been commended for 50% of the increased
access.29 Despite the advancements, the distribution is still
disparate, notably in Tanzania's rural areas. Increasing access
to electricity in rural areas is considered a practical poverty
alleviation strategy in emerging economies. Except for pasto-
ralist communities that rely on animals such as donkeys and
camels, human power is the sole source of energy supply in
most rural parts of less developed countries. It is mainly used
for food cultivation, processing, cooking, and fetching water
and rewood. This results in extra time wasted in completing
chores, as opposed to using electric power, which saves time.
The two constraints of human energy and time have contrib-
uted to extreme poverty since households are unable to engage
in additional income-generating activities.

The relationship between electricity and household welfare
is not absolute, but it is based on the notion that power, as an
essential basic requirement, can contribute to economic
growth.26 According to Akpan and Isihak,30 access to electricity
contributes signicantly to socio-economic development in
sectors such as health, education, agriculture, and household
income. However, there is limited scientic evidence to support
the use of electricity as a poverty-reduction strategy. Higher-
income households benet more from rural electrication in
comparison to their low-income counterparts. According to
Tanzania's National Census (2022), 70% of the population lives
in rural areas and despite the government's numerous attempts
to ensure electric connectivity in rural areas, these locations
have been demonstrated to have enduring electricity prob-
lems.30 In response, the government established the Rural
Energy Agency (REA), which functions independently of the
Ministry of Energy and Minerals of the United Republic of
Tanzania (URT) to provide lasting solutions to these predica-
ments.30 Since it is a non-union matter, the REA is tasked with
ensuring, promoting, and facilitating access to modern energy
services in the rural Tanzania mainland. The government's
primary goal is to transform rural areas into modern locations
by enhancing livelihoods; these transformations have however
been constrained by limited access to electricity.21 The Tanza-
nian Government's subsidy of rural electrication costs is
intended to promote widespread access to electricity in rural
areas. The Rural Energy Fund (REF), the Rural Energy Board
(REB), and the Rural Energy Agency (REA) were founded to
function in sync towards ensuring adequate provision of
modern energy services in rural Tanzania. Once the infra-
structure is in place, clients are required to pay only 27 000
Tanzanian shillings.31 This is projected to transition the entire
country into a modern economy, improve livelihoods, and
promote urbanization. In 2019, 70% of the rural population had
access to electricity, which is a remarkable upsurge from 49% in
2016. In line with this progress, 30% of households were
Environ. Sci.: Adv., 2024, 3, 1586–1597 | 1587
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Fig. 1 A conceptual framework of the effect of rural electrification on
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connected to the grid in 2019, in comparison to 20% in 2016.31,32

Despite various government efforts to improve rural electri-
cation in Tanzania, a large proportion of households remain
impoverished, with the majority unable to meet optimal living
costs. It is upon such a background that the current study
analyzed the effect of rural electrication on household welfare
in the Manyara Region, specically the Mbulu District of
Tanzania.

The Tanzanian Government has made remarkable efforts
towards rural electrication, which is projected to ensure
equitable improved livelihoods for all.31 Tanzania, like many
other nations, established the Rural Energy Fund (REF), the
Rural Energy Board (REB), and the Rural Energy Agency (REA) to
provide an adequate supply of modern energy services in rural
areas. As a result of these initiatives, 69.8% of the rural pop-
ulation currently has access to electricity, which is an uptrend
from the 49.3% in 2016 to 6.9% in 2019. Despite efforts and
progress, only 24.5% of households were connected to grid
electricity in 2020 and 16.9% in 2021.32 To ensure long-term
energy access, one technique of providing electricity to rural
areas is through rural electrication. According to several
reports, sustained access to electricity in rural areas has impli-
cations for rural household welfare. Social services (such as
education and health), household income, and job creation are
all noteworthy indices of household welfare improvement as
detailed hereunder: Findings from empirical research demon-
strate the relationship between household welfare and energy
across nations. For instance, Olanrele33 in Nigeria found that
grid electrication greatly improves household income,
spending, and educational outcomes. Olanrele33 similarly
analyzed how electrication impacts rural households'
employment growth. According to the report, electricity
considerably increases the employment of women. According to
Akpan et al.,30 businesses in communities with access to the
power grid are 16.2%more lucrative on average than businesses
in communities lacking access. Microbusinesses are also more
successful when backup electricity is provided by generating
sets.

According to Khandher et al.,34 rural electrication (RE)
increases labour supply, household income, and
consumption.31,33–35 However, wealthier rural households
receive a larger share of the benets, while poorer households
use electricity less frequently. Khandher et al.34 reported that
a limited supply of electricity caused by frequent power outages
has a negative impact on both residential electricity connection
and consumption, lowering the predicted benets of RE. The
study by Khandher et al.34 substantiated that grid electrication
has a signicant impact on household welfare while Diyammi
and Mkude36 found that household welfare and rural electri-
cation have a considerable impact on job creation and
employment prospects. The study further revealed that elec-
tricity boosted businesses including stores and kiosks, super-
markets, dining establishments, and hair and beauty salons.
Rural electrication in Tanzania made living simpler and more
enjoyable by enabling businesses and kiosks to operate even
during the night.
1588 | Environ. Sci.: Adv., 2024, 3, 1586–1597
In Peru's electried districts, rural electrication increased
access to essential healthcare services. Additionally, it improved
communication, information availability and accessibility.36,37

This contributed to poverty alleviation, improved healthcare,
and bridging the rural-urban growth divide. According to Fetter
and Usmani,38 India's rural electrication decreased the likeli-
hood of witchcra accusations because of better public and
home illumination. According to Ijoma,39 rural electricity
encourages women to work by relieving them of routine
responsibilities like fetching rewood. Instead, they made use
of the extra time to make money, boosting the household's
income. Additionally, the use of electricity reduces indoor air
pollution, which has an impact on human health, including
lung function.40 Undoubtedly, electrication is crucial for
advancing a country's development. Fig. 1 depicts the presumed
effect of rural electrication (RE) on household welfare
improvement (HWI). Improved household welfare was deter-
mined by employment opportunities available, household
income, asset ownership, and access to social services (educa-
tion and health) as illustrated in Fig. 1.

Furthermore, poverty endures in most rural households.31,35

A crucial question to be answered is, to what extent does rural
electrication impact household welfare? Previous researchers,
4,31,35–37,40,41 investigated the effects, obstacles, and income-
generating activities established following rural electrication.
This is attributable to the fact that there is limited empirical
evidence demonstrating the implications of rural electrication
on employment, household income, education, health, and
asset ownership among Tanzanian residents,31,35,36 a gap in the
literature that the current study attempted to bridge. The scope
of this study was to assess how rural electrication affects the
household welfare improvement in Tanzania, using the Mbulu
district as a case study. The present study was conducted to
determine the effect of rural electrication on (i) employment
opportunities, (ii) household income, (iii) asset ownership, and
(iv) access to social services.
2. Materials and methods
2.1. Population and sampling

The target population included heads of households from ve5

selected wards in the Mbulu District namely: Gendahu, Aya-
maami, Ayamohe, Endagikoti and Sanu Baray. A total of 180
household welfare improvement.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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household heads were conveniently selected from households
with and without electric connectivity, who were willing to
participate and were readily available during the data collection
period of the study.

2.2. Study design

The descriptive cross-sectional design was used in the study
since it allowed for the collection of detailed information at
a specic moment in time. It allowed for the identication of
variables related to rural electrication and the enhancement of
people's livelihoods. This design was also suitable for the
inquiry since it is cost and time-effective.

2.3. Data collection

Questionnaires, Focus Group Discussions (FGD), and in-depth
interviews were used to obtain the data that informed this
study. While focus groups and interviews were used to get
qualitative data, questionnaires were employed to gather
quantitative information. In-depth information was gathered
through interviews and focus groups to augment the ques-
tionnaire, which is the essence of heterogeneous data-gathering
methodologies.

2.4. Validity and reliability

The validity of this study was ensured by the accurate develop-
ment of research instruments based on the study's objectives.
Prior to data collection, external experts in the eld were
approached to review the instruments against the research
objectives and provide feedback for further renement.
Following the completion of a pilot study, questions discovered
to be vague were modied to better meet the study's aims.
Furthermore, the utilization of various instruments and adap-
tations of questionnaires from prior similar studies contributed
to the study's reliability.

2.5. Ethical consideration

All ethical norms were observed by the researchers during data
collection, presentation, and discussion. The researchers
secured participation consent from participants aer providing
basic information regarding the study and its purpose. Con-
dentiality was also protected by informing respondents and
ensuring that their personal identity was concealed. Anonymity
was strictly observed throughout the data collection, process-
ing, and interpretation processes. Furthermore, the researchers
preserved the participants' dignity, privacy, safety, and fairness.

3. Results and discussion
3.1. Types of a household's business investments before and
aer rural electrication

The study aimed to know if there were any differences between
business investment types before and aer rural electrication.
According to the study ndings (Table 1), households used old
diesel grain mills before electrication, but aerwards switched
to electric motor-powered mills since rms transitioned from
© 2024 The Author(s). Published by the Royal Society of Chemistry
using diesel to electric engine machinery. Also, in irrigation, the
majority of agricultural proprietors formerly employed manual
methods of irrigation; however, with electrication, they shied
to electric water pumping systems to save time, serve more
clients, and increase revenue. Additionally, before electrica-
tion, the majority of carpentry workshops operated manually
and following electrication, electric carpentry was used, and
even the number of carpenters increased. The study further
found that before electrication, most business owners, espe-
cially women, baked their products using traditional methods
(used charcoal and rewood); however, following electrication,
they began using baking machines, and currently, quality bread
is accessible even in small towns. Furthermore, many alcohol
businesses specialized in local brews commonly known as
chang'aa and the native banana brew prior to electrication;
following electric connectivity they have extensively purchased
refrigerators and the majority shied to sell different modern
beers such as Safari, Kilimanjaro, Castle Lite, etc.

It was further revealed that stationery businesses previously
sold books and other stationeries; however, following electri-
cation, printing, scanning and photocopying services are
a valuable addition to the majority of stationery businesses in
selected Mbulu district wards (Table 1). Welding workshops
have also increased and improved dramatically as regards
service efficiency following electrication. Both male and
female saloons have also adopted modern electric hair trim-
ming and drying machines as opposed to scissors and razor
blades previously used to trim hair and sunshine used to dry
hair (Fig. 2). These ndings are in line with those of Kidole
(2015) who similarly found that electried households owned
various business ventures such as bars (40.0%), mobile phone
charging services (20.0%), shops and iron welding (11.7%),
grain milling (10.0%) saloons (3.3%) and CD burning services
(3.3%).

These ndings were also supported by the village executive
officer and as quoted:

“Most of the businesses in this village have expanded their prot
margins following rural electrication. Rural electrication has
also resulted in increased job creation. We now work smarter and
not harder as we use modern machinery to efficiently process our
products. This has minimized both production and service costs. It
is now possible to watch live local and international football
matches in video centers popularly known as “Vibanda umiza”
which was impossible prior to electrication. The days when we
would just listen to football games on the radio are long gone”.

Another key informant was quoted saying:
“In Chumuli, a grain milling business owner has transformed

her business by introducing an electric motor-powered milling
machine. She has since inspired other entrepreneurs to purchase the
machine by enlightening them on the benets of electrication.
There is also another household that incurred high milling costs
owing to the old diesel machine they were operating. Though
initially, he was reluctant to purchase an electric motor-powered
engine, he was grateful for doing so because within a short time
span, the positive impact on his life is noteworthy, he has a new
motorbike and a new house”.
Environ. Sci.: Adv., 2024, 3, 1586–1597 | 1589
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Table 1 Business investment transition and environmental implicationsa

Types of business investments Before electrication Aer electrication
Environmental management and
conservation implications

Grain milling Old diesel machines Electric milling machines Reduction in diesel usage and lower
emissions

Irrigation Manual irrigation means Electric irrigation pumps Efficient water use and reduced
manual labor

Carpentry Use of generators Electric carpentry machinery Less reliance on generators and
reduced noise and air pollution

Baking Use of rewood and charcoal Electric baking equipment Reduced deforestation and a lower
carbon footprint

Bar Local brew bars/clubs Bars with fridges and modern beers Decreased traditional fuel use and
improved air quality

Stationeries Lack of photocopying and printing
machines

Stationeries with photocopying and
printing machines

Lower paper waste through digital
services

Welding workshops and garages Local garages Garages with electric welding
machines and other gadgets

Safer working conditions and
reduced fuel consumption

Saloons Solely for plating hair Saloons with steaming, curling, and
hair-drying machines

Reduced waste from non-electric
tools

a Source: eld data (2024).

Environmental Science: Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 3

/2
/2

02
6 

6:
11

:1
4 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
Similar ndings were made in Ghana, which showed that
having access to electricity makes it possible to modernize
agriculture through the use of electric-powered irrigation
pumps which minimizes labour costs and production costs.
Increased employment prospects in electried towns may result
from modernizing agriculture and keeping businesses open
later, which may improve overall welfare. Similar ndings have
been reported in Kenya,42,43 which showed that having access to
electricity allows small and micro businesses to use electric
tools and equipment, leading to a signicant increase in worker
productivity (approximately 100 and 200%, depending on the
task at hand) and a corresponding rise in income levels
(approximately 20 to 70%, depending on the product produced).
In addition to increasing the productivity of agricultural activ-
ities, access to electricity concurrently enables and enhances
Fig. 2 Household income transformation after rural electrification in th

1590 | Environ. Sci.: Adv., 2024, 3, 1586–1597
the supply of social and commercial services from a variety of
village-level facilities (such as schools, marketplaces, and water
pumps).
3.2. Income accrued before and aer rural electrication

The study also sought to determine any household income
disparities before and aer rural electrication. The results in
Table 2 illustrate that the income accrued was grouped into the
following categories: 50 000 to 200 000; 201 000 to 400 000; 401
000 to 600 000; 601 000 to 800 000; 801 000 to 1 000 000, and 1
000 001 and above per month. The income is presented in
Tanzanian shillings (Tsh) (1 USD is equivalent to 2200 Tsh). The
results demonstrate that 113 (30.0%) respondents earned less
than 200 000 in monthly income before electrication which
e Mbulu district (Source: Field Data, 2022).

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Respondents' monthly income before and after rural electrification

Respondents' income accrued Before electrication % Aer electrication % %Change

50 000–200 000 113 31.22 140 31.32 19.29
201 000–400 000 141 38.95 157 35.12 10.19
401 000–600 000 54 14.92 57 12.75 5.26
601 000–800 000 16 4.42 23 5.15 30.43
801 000–1 000 000 18 4.97 32 7.16 43.75
1 000 001 and above 20 5.52 38 8.50 47.37
Total 362 100.00 447 100.00

Fig. 3 The changes in house living conditions in the studied pop-
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increased by 7% aer electric connection, 141(37.0%) said their
income ranged between 201 000 and 400 000 before electrica-
tion but increased by 4.2% aer electrication, 54(14.3%)
earned a monthly income between 401 000 and 600 000 which
increased by 3.4% upon connectivity, 16(4.0%) revealed that
their monthly income ranged from 601 000 to 800 000 before
electrication which increased by 2.0%, and 18(5.0%) earned
a monthly income of 801 000 to 1 000 000 which increased by
3.0% aer electrication. Similarly, 20(6.31%) previously
earnedmore than 1 000 000 inmonthly income which increased
by 3.79% (Table 2).

These results are consistent with the ndings by Kidole44

that there were statistically signicant income (P < 0.05) varia-
tions between families with grid electrical services and those
without, with household annual earnings ranging from 800 000
Tshs to 46 000 000 Tshs. Additionally, supporting the study's
ndings,31,34,40 concluded that brighter illumination was
signicantly associated with increased revenue, which was
attributable to the extension of business hours through the
night. The author provides examples of tailors in Bangladesh
who put in four extra hours of work and reported a 30% rise in
their income.

The above ndings are in line with those established
through interviews as one ward officer remarks:

“.I'm glad that electricity has surged household income. Elec-
tricity helped households modernize their businesses, particularly
with electric water pumps, milling machines, and modernized
saloons. By mainstreaming electricity in their business operations,
business owners increased their income and were able to invest in,
prot from, and grow their businesses.”

These results are consistent with those of Chaplin (2017),
who discovered that rural electrication increases the labour
supply of men and women, girls' and boys' enrolment in school,
and household income and spending, and decreases poverty.
However, the larger share of benets is for wealthier rural
households, while the poorer ones use electricity less
frequently. The study goes on to assert that households with
access to electricity had higher gross incomes than households
without access. Similar ndings were made in45 which showed
that households without power connections typically use 1.5
liters less kerosene per month than homes with electricity
connections. Additionally, households without access to elec-
tricity spend 0.92 USD more each month on cell phone battery
recharges than households with access to
microhydroelectricity.
© 2024 The Author(s). Published by the Royal Society of Chemistry
3.3. Household welfare before and aer rural electrication

The current study examined the difference in household welfare
before and aer electrication. Household welfare was deter-
mined by the ability to acquire basic needs such as food, shelter,
education, healthcare, and asset ownership.

3.3.1. Living conditions. According to the study's ndings
on living circumstances, 36.4% of respondents indicated that
their homes had mud oors before electrication, and 30.7%
said their walls were unplastered. This shows that their living
conditions were extremely poor (Fig. 3). The study discovered
that following electrication, respondents improved their living
circumstances. On the other hand, 11.3% of the respondents
reported that they had mud oors aer electrication because
they changed the method, they were conducting business, and
7.6% had unplastered walls aer electrication. However, they
were able to renovate their homes since they had access to basic
necessities (such as food, shelter, and clothing) and had their
oors cemented, walls plastered, and roofs covered in iron
sheets. The survey also discovered that aer electrication, the
welfare of respondents' households improved over time. This
was evident throughout the interview as one respondent shared
the following remarks:

“.Before electrifying my business, times were tough, and I had
a terrible time paying for basic essentials for my family. Addition-
ally, the rm wasn't performing properly. But as of right now, I've
been successful in growing my business, and I can see improvements
in the welfare of my family as a result of my ability to take care of
practically all of their requirements”.
ulation before and after rural electrification (Source: field data (2022).
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Another interviewee remarked: “The electrication that was
completed a few years ago has been remarkably resourceful and has
boosted my prots within a short period. I faced numerous obsta-
cles prior to electrication as my business wasn’t expanding, which
had a negative impact on my family's well-being. Due to the success
of the business following electrication currently, it is easy to
provide for my family’s necessities.”

Zaman (2000) similarly found that prior to rural electrica-
tion, low-income households were unable to meet their basic
requirements for clothing, food, and shelter. Additionally,
Town and Zone (2014) discovered that the electrication of
enterprises had a clear potential to boost household livelihoods.

3.3.2. Education status before and aer electrication.
According to the survey, merely 70.6% of the respondents'
children were registered in government schools following
electrication, compared to 57.1% of the respondents' children
who attended government schools prior to having access to
electricity (Fig. 4). A further nding of the study was that,
whereas 30.8% of the respondents enrolled their children in
private schools aer electrication, only 11.1% of respondents
did so before electrication. The results suggest that aer
electrication, the educational standing of the respondents'
children has improved, as parents can now afford to buy text-
books, pay school fees, enroll their kids in private schools, and
pay for transportation to and from school. This indicates that as
a result of improved household welfare, the extra money made
from their modernized enterprises was prioritized in the
pursuit of quality education.

The study is backed up by44,45 making the case that modern
energy sources are necessary to raise living standards by
generating employment and increasing productivity. Addition-
ally, the energy source delivers cleaner fuels for cooking and
heating as well as lighting for houses. Thus, the study ndings
highlight that only if energy is accessible to everyone will
important aspects of human welfare such as living a long and
productive life, being in good health, having access to knowl-
edge and educational opportunities, and having enough money
to meet their basic material and aesthetic needs improve.
Fig. 4 Respondents' children's school enrolment before and after
electrification (Source: Field data (2022)).

1592 | Environ. Sci.: Adv., 2024, 3, 1586–1597
3.3.3. Access to healthcare services. According to study
results, 40.7% of the respondents lacked access to medical
services like X-rays and ultrasounds prior to rural electrication.
However, aer electrication, most respondents were able to
access better health care because hospitals are now using
contemporary medical technology to provide services (Table 3).
Additionally, just 13.2% of the respondents had access to
medication before electrication, compared to 36.2% aer
electrication. The results suggest that the ability to pay for
medical services was improved since electrication had allowed
them to grow their businesses and make more income, and
having a high income increased their ability to pay for medical
costs.

These results support those of Matimbwa and Kipilimba,35

where it was shown that electricity enables rural households to
engage in income-generating activities by supplying lighting
that lengthens the workday and supplying power to machines
that boost production and productivity. Additionally, it was
discovered that rural electrication enhanced health by
enabling health clinics to refrigerate vaccinations, run medical
equipment, and administer treatments aer sundown, as well
as by powering equipment for pumping and treating raw water.
Additionally, schools are lit by rural power, allowing students to
study aer hours and improving their employment prospects.
In addition, it was discovered in an interview that most
respondents had better access to healthcare services because
they could afford subscriptions to health insurance programs
like the Community Health Fund (CHF). One interviewee
particularly remarked that;

“.Rural electrication has aided me in accessing quality health
care owing to increased prots. As a CHF member, I now use TIKA
(TIBA KWA KADI), for which I just pay 10,000/= per year. As
a result, my entire family has easy access to medical care at the
nearby public hospital.”

3.3.4. Food security status before and aer electrication.
According to the survey, 7.6% of the respondents were
purchasing food before rural electrication, compared to 29.6%
of respondents who did so aer electrication. The same study
found that 17.6% of respondents employed enhanced farming
inputs aer electrication, compared to 8.8% of respondents
who did so before electrication. Additionally, 16.4% of
respondents reported having pest problems following rural
electrication, compared to 23% of respondents who had pest
problems prior to electrication. This shows that respondents’
farming pursuits were hampered by input costs prior to elec-
tricity, which resulted in limited agricultural engagement, thus
requiring them to purchase food for their households. However,
as rural areas were electried, people could afford the costs of
farming inputs and started to grow crops, which made food
more accessible. Additionally, they were able to purchase
pesticides aer electrication since fewer respondents reported
being bothered by pests (6.6%) aer electrication.

In a comparable direction,33 showed that customers with
electricity could afford more nutritious and diverse meals than
their peers who lacked access to electricity owing to increased
income. Additionally, households that have access to
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Access to quality healthcare services as a result of rural electrificationa

Response item Before electrication Aer electrication

Access to modern healthcare
equipment

40.7% 48.9%

Ability to pay for medicine 13.2% 36.2%

a Source: eld data (2024).

Fig. 5 Influence of electrification on environmental management and
sustainability.
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microcredit are more inclined to increase their ability to
produce food by sowing quality seeds and using enhanced
technology.34,36,38

In support of the above, one interviewee commented that;
“.Before electrication, my household income was quite low

and I couldn't afford to buy all the food my family needed. As
a result, we were accustomed to eating the same inexpensive foods
every day, but thanks to a rise in revenue from my small business,
we are now able to eat a variety of foods.”

3.3.5. Variations in assets owned before and aer electri-
cation. According to the study, 9.9% of respondents still live in
mud houses aer electrication, compared to 22% of respon-
dents who did so before. This suggests that respondents
improved the quality of their construction and home renova-
tions in order to increase household welfare. The outcomes are
consistent with12 ndings, which showed that customers had
entirely exited poverty by owning valued productive assets like
machinery, vehicles, cattle, and improved homes. Addition-
ally,46 showed that clients of rural electrication had access to
more household assets than non-clients, including mattresses,
radios, stoves, and beds. Similar ndings were revealed during
the interview as one interviewee shared that:

“.Through the prot I get from my business as a result of
electrication, I have been able to buy household furniture
including a refrigerator, I now make ice cream and sell it to
students, which supplements my household income, this is an
addition to my main business.”

Regression analysis results support the previous ndings, as
shown in Table 4 below, where it was discovered that rural
electrication positively affects changes in business investment,
income earned, and household wellbeing. The results demon-
strate that rural electrication has a greater signicance (P <
0.05), impact on income accrued household welfare in terms of
Table 4 Regression output of how rural electrification impacted differe

Coefficientsa

Model

Unstandardized coeffici

B Std.

1 (Constant) 1.773 1.665
Business investment 0.002 0.044
Income accrued 0.493 0.045
Households' welfare 0.072 0.051

a Dependent variable: household welfare improvement.

© 2024 The Author(s). Published by the Royal Society of Chemistry
their capacity to afford living expenses, as well as their ability to
access education, healthcare, and land ownership (Table 4). The
study also discovered that rural electricity helped households
shi their line of business. These results suggest that the
majority of the households' income increased as a result of rural
electrication because businesses changed to a more modern-
ized model, which enabled their income to increase and
improved their capacity to pay for living expenses in various
ways. These results are consistent with those of47,48
3.4. The inuence of rural electrication on environment
management and sustainability

Rural electrication has played a crucial role in advancing
environmental management and sustainability in the Mbulu
District by addressing several key areas as stipulated below and
in Fig. 5.

3.4.1. Reduction of deforestation. The results indicate that
20% of households reported that, prior to electrication, many
nt studied household parameters

ents
Standardized
coefficients

t Sig.Error Beta

1.064 0.289
0.004 0.056 0.004
0.709 10.852 0.000
0.092 1.409 0.003
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in theMbulu District relied heavily on rewood and charcoal for
cooking and heating, which contributed signicantly to defor-
estation. However, with the advent of electricity, there has been
a noticeable shi towards the use of electric cooking appliances
and lighting. This transition has alleviated the pressure on local
forests, aiding in their preservation. Similar results were ob-
tained by Tanner and Johnston49 who pointed out that the move
to electricity has not only reduced deforestation but also posi-
tively impacted the local environment by promoting biodiversity
conservation and the sustainable management of natural
resources.

3.4.2. Improved agricultural practices. The results indicate
that 20% of households reported that the introduction of elec-
tricity has facilitated the adoption of modern agricultural
equipment and irrigation systems in the Mbulu District. These
technological advancements have signicantly improved
farming efficiency by reducing water waste and enhancing crop
yields. With more precise control over water usage and consis-
tent access to power for processing and storage, farmers are
increasingly able to implement sustainable practices.36 These
practices contribute to soil conservation and minimize the
environmental impact of agriculture, promoting a more
sustainable and environmentally friendly approach to farming
in the district.

3.4.3. Promotion of renewable energy sources. The results
suggest that 18% of households reported that the rural electri-
cation initiative in Mbulu has signicantly fostered the
adoption of renewable energy sources, particularly solar power.
Solar panels have been strategically installed across various
communities, thereby diminishing the dependency on diesel
generators and other fossil fuel-based energy sources. Similarly,
Pandiyan et al.,45 posited that this transition to renewable
energy has not only curtailed carbon emissions but also ensured
a sustainable and dependable energy supply for rural house-
holds and enterprises. The initiative exemplies a pivotal step
towards environmental stewardship and energy security in the
district.

3.4.4. Reduction in carbon emissions. The results suggest
that 13% of households indicated that the shi from traditional
biomass fuels to electricity, facilitated by rural electrication in
Mbulu, has precipitated a marked decrease in carbon emis-
sions. This transition has not only lessened the reliance on
wood and charcoal as primary energy sources but has also
signicantly enhanced indoor air quality. The resultant
improvement in air quality has contributed to better health
outcomes, notably by reducing the prevalence of respiratory
ailments associated with the inhalation of smoke and particu-
late matter.36

3.4.5. Health and safety improvements. The results indi-
cate that 15% of households reported that electrication has led
to the adoption of cleaner cooking technologies, reducing
indoor air pollution and associated health risks. Moreover,
improved lighting and access to information have enhanced
safety in rural communities, allowing for safer navigation aer
dark and better access to health information through the radio
and television.
1594 | Environ. Sci.: Adv., 2024, 3, 1586–1597
3.4.6. Biodiversity conservation. The results indicate that
20% of households reported that the reduction in deforestation
and the promotion of sustainable land use practices have
directly beneted biodiversity in the Mbulu District. By
preserving forests and natural habitats, rural electrication has
supported local conservation efforts, ensuring that diverse plant
and animal species continue to thrive in the district. Thus, rural
electrication in the Mbulu District has had far-reaching effects
on environmental management and sustainability, fostering
a healthier, more prosperous and environmentally conscious
community. These changes have not only improved the quality
of life for residents but also contributed to the long-term pres-
ervation of the district's natural resources.
4. Conclusion and policy implications

The study found that households in Mbulu were engaged in
a variety of business ventures, including the use of electric
engine milling machines, electric pumping machines, modern
saloons, modern bars, baking, and stationery with scanners,
photocopying machines, and carpentry which signicantly
increased and improved aer rural electrications. The income
earned before electrication was lower compared to that ob-
tained aer the rural electrication program. Furthermore, the
eld survey found that households' well-being has increased in
terms of access to better healthcare, education, food security,
and living conditions. As households' access to superior
education increased because some committed their children to
private schools, so did their capacity to purchase both food and
healthcare services. They transitioned from mud houses to nice
dwellings with plastered walls, which is to say, their living
conditions were enhanced. The result of this study is applicable
to policymakers and other stakeholders, including the govern-
ment, to continue empowering household livelihoods in Tan-
zania's rural areas. The ndings of this study demonstrate
unequivocally how rural electrications improve the livelihoods
of rural households by having a benecial impact on employ-
ment, income, asset ownership, and social services, all of which
are issues that were not well covered in previous investigations.
The study ndings will be conceptually applied in future
investigations in other rural areas with similar features to the
Mbulu district. As recommended therefore, government
agencies should provide electricity in rural areas to promote the
use of electricity for commercial and residential purposes,
which would enhance the economic security of rural commu-
nities and result in a sustainable standard of living. The present
study used only Mbulu as a case study, and thus it is better for
the same kind of study to be conducted in various districts to
extend the validity of the study conclusion and recommenda-
tions in other applicable areas.
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15 A. López-González, L. Ferrer-Mart́ı and B. Domenech,
Sustainable rural electrication planning in developing
countries: A proposal for electrication of isolated
communities of Venezuela, Energy Policy, 2019, 129, 327–
338. https://www.sciencedirect.com/science/article/pii/
S0301421519301247.

16 B. Diouf and E. Miezan, The limits of the concession-led
model in rural electrication policy: The case study of
Senegal, Renewable Energy, 2021, 177, 626–635. https://
Environ. Sci.: Adv., 2024, 3, 1586–1597 | 1595

https://doi.org/10.1007/978-3-030-86304-3_32
https://doi.org/10.1007/978-3-030-86304-3_32
https://doi.org/10.1016/j.tej.2023.107307
https://doi.org/10.1016/j.tej.2023.107307
https://www.sciencedirect.com/science/article/pii/S104061902300101X
https://www.sciencedirect.com/science/article/pii/S104061902300101X
https://www.sciencedirect.com/science/article/pii/S104061902300101X
https://www.sciencedirect.com/science/article/pii/S1040619005000576
https://www.sciencedirect.com/science/article/pii/S1040619005000576
https://www.sciencedirect.com/science/article/pii/S104061901500202X
https://www.sciencedirect.com/science/article/pii/S104061901500202X
https://www.sciencedirect.com/science/article/pii/S1040619019300065
https://www.sciencedirect.com/science/article/pii/S1040619019300065
https://www.sciencedirect.com/science/article/pii/S1040619019300065
https://www.sciencedirect.com/science/article/pii/S1040619017300672
https://www.sciencedirect.com/science/article/pii/S1040619017300672
https://www.sciencedirect.com/science/article/pii/S1040619020300592
https://www.sciencedirect.com/science/article/pii/S1040619020300592
https://www.sciencedirect.com/science/article/pii/S1040619020300592
https://www.sciencedirect.com/science/article/pii/S1040619018300010
https://www.sciencedirect.com/science/article/pii/S1040619018300010
https://www.sciencedirect.com/science/article/pii/S1040619018300010
https://www.sciencedirect.com/science/article/pii/S1040619001002342
https://www.sciencedirect.com/science/article/pii/S1040619001002342
https://www.sciencedirect.com/science/article/pii/S1040619023000866
https://www.sciencedirect.com/science/article/pii/S1040619023000866
https://www.sciencedirect.com/science/article/pii/S1040619023000854
https://www.sciencedirect.com/science/article/pii/S1040619023000854
https://www.sciencedirect.com/science/article/pii/S104061901930168X
https://www.sciencedirect.com/science/article/pii/S104061901930168X
https://www.sciencedirect.com/science/article/pii/S104061901930168X
https://www.sciencedirect.com/science/article/pii/S1040619023000027
https://www.sciencedirect.com/science/article/pii/S1040619023000027
https://www.sciencedirect.com/science/article/pii/S0301421519301247
https://www.sciencedirect.com/science/article/pii/S0301421519301247
https://www.sciencedirect.com/science/article/pii/S0960148121007539
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4va00259h


Environmental Science: Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 3

/2
/2

02
6 

6:
11

:1
4 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
www.sciencedirect.com/science/article/pii/
S0960148121007539.

17 R. Bhandari, V. Sessa and R. Adamou, Rural electrication in
Africa – A willingness to pay assessment in Niger, Renewable
Energy, 2020, 161, 20–29. https://www.sciencedirect.com/
science/article/pii/S0960148120310739.

18 H. Borhanazad, S. Mekhilef, R. Saidur and
G. Boroumandjazi, Potential application of renewable
energy for rural electrication in Malaysia, Renewable
Energy, 2013, 59, 210–219. https://www.sciencedirect.com/
science/article/pii/S096014811300205X.

19 C. M. Boliko and D. S. Ialnazov, An assessment of rural
electrication projects in Kenya using a sustainability
framework, Energy Policy, 2019, 133, 110928. https://
www.sciencedirect.com/science/article/pii/
S0301421519305154.

20 T. Slough, J. Urpelainen and J. Yang, Light for all? Evaluating
Brazil's rural electrication progress, 2000–2010, Energy
Policy, 2015, 86, 315–327. https://www.sciencedirect.com/
science/article/pii/S0301421515300124.

21 S. Mangula, Modelling Sustainability of Energy Access in
Rural Areas of Tanzania, PhD thesis, Mzumbe University,
2019.

22 K. Twumasi-ankrah, Rural-urban migration and
socioeconomic development in Ghana: some discussions,
J. Soc. Dev. Afr., 1995, 10(2), 13–22.

23 E. Sokari-george, J. O. Emeruem and S. H. Dimkpa-harry,
Rural electrication: a study of socio-economic and fertility
change in Rivers State, Nigeria, Afr. Stud. Monogr., 1991,
12(4), 167–183.

24 G. Falchetta, S. Pachauri, S. Parkinson and E. Byers, A high-
resolution gridded dataset to assess electrication in sub-
Saharan Africa, Sci. data, 2019, 6(1), 110.

25 Y. J. Chen, N. Chindarkar and Y. Xiao, Effect of reliable
electricity on health facilities, health information, and
child and maternal health services utilization: evidence
from rural Gujarat, India, J. health popul. nutr., 2019, 38(1), 7.

26 IEA, Conventional energy sources, 2019.
27 L. Lenz, Does large-scale infrastructure investment alleviate

poverty? Impacts of Rwanda’s electricity access roll-out
program, World Dev., 2017, 1–12.

28 T. Dinkelman, The Effects of Rural Electrication on
Employment: New Evidence from South Africa, Am. Econ.
Rev., 2011, 101(7), 3078–3108.

29 O. I. Osanyinlusi, B. A. Owaotide, T. T. Awoyemi,
A. I. Ogunniyi and AOAA, An Evaluation of Rural
Electrication and Households' Poverty in Ikole Local
Government Area, Ekiti State, Nigeria: An Foster, Greer and
Thorbecke Approach, Int. J. Energy Econ. Policy, 2017, 7(3),
24–30.

30 U. Akpan and M. Essien, Impact of Rural Electrication on
Rural Micro- enterprises in Niger Delta, Nigeria, Energy
Sustainable Dev., 2013, 17(5), 504–509.

31 S. Malebeto and P. Maziku, The Inuence of Rural
Electrication on Household Income Generation in Chamwino
District, Tanzania, 2021, http://dspace.cbe.ac.tz:8080/xmlui/
bitstream/handle/123456789/1279/The-Inuence-of-Rural-
1596 | Environ. Sci.: Adv., 2024, 3, 1586–1597
Electrication-on-Household-Income-Generation-in-
Chamwino-District.pdf?sequence=1&isAllowed.

32 REA, Rural electrication project report, 2020, https://
www.jica.go.jp/english/our_work/evaluation/oda_loan/post/
2002/pdf/033_full.pdf.

33 I. A. Olanrele, Assessing the Effects of Rural Electrication
on Household Welfare in Nigeria, J. Infrastruct. Dev., 2020,
12(1), 7–24.

34 S. R. Khandker and D. F. Barnes HAS, Welfare Impacts of
Rural Electrication: A Panel Data Analysis from Vietnam,
Econ. Dev. Cult. Change, 2013, 61(3), 659–692.

35 H. Matimbwa and T. Kipilimba, The contribution of Micro
Finance Institutions to Households Welfare: A case of
Finca and Pride in Iringa Tanzania, J. Bus Manag. Econ.
Res., 2019, 2(6), 1–6.

36 M. P. Diyammi and E. D. Mkude, Contribution of Rural
Electrication in Improving People's Livelihood in
Tanzania: A Case of Mpanda District, Tanzania, East
African J. Educ. Soc. Sci., 2022, 3(6), 166–173.

37 M. Blimpo and M. Cosgrove-Davies, Electricity Access in
Sub-Saharan Africa: Uptake, Reliability, and Complementary
Factors for Economic Impact, International Bank for
Reconstruction and Development/The World Bank,
Washington, DC, USA, 2019.

38 T. Fetter and F. Usmani, Fracking, Farmers, and Rural
Electrication in India. Ruhr Economic Papers No. 864, India:
University, Bochum.

39 U. Ijoma, Promoting Sustainable Development in Nigeria
through Rural Women's Participation in Decision-Making
about Renewable Energy Law and Policy, University of
Ottawa, Nigeria, 2021.

40 M. Torero, The Impact of Rural Electrication: Challenges
and Ways Forward, Rev. Econ. du Dev., 2015, 3(3), 55–83.

41 K. Lo and B. Kibalya, Electric cooperatives and the political
economy of rural electrication in Africa: Insights from
Uganda, Electr. J., 2023, 36(1), 107238. https://
www.sciencedirect.com/science/article/pii/
S1040619023000052.

42 B. Faisal, J. Kapeller, S. Vicent and M. Anber, Differential
impacts of electricity access on educational outcomes:
Evidence from Uganda, Electr. J., 2024, 37(1), 107362.
https://www.sciencedirect.com/science/article/pii/
S104061902300129X.

43 L. D. Namujju, H. Acquah-Swanzy and I. F. Ngoti, An IAD
framework analysis of minigrid institutions for sustainable
rural electrication in East Africa: A comparative study of
Uganda and Tanzania, Energy Policy, 2023, 182, 113742.
https://www.sciencedirect.com/science/article/pii/
S0301421523003270.

44 V. V. Kidole, A dissertation submitted in partial fullment of the
requirements for the degree of Master of Arts in rural
development of the Sokoine University of Agriculture.
Morogoro, Tanzania, 2015, https://www.suaire.sua.ac.tz/
bitstream/handle/123456789/1319/VALERIAN-VITALIS-
KIDOLE.pdf?sequence=1&isAllowed=y.

45 P. Pandiyan, R. Sitharthan, S. Saravanan, N. Prabaharan,
T. Tiwari and T. D. K. Yuvaraj, A comprehensive review of
© 2024 The Author(s). Published by the Royal Society of Chemistry

https://www.sciencedirect.com/science/article/pii/S0960148121007539
https://www.sciencedirect.com/science/article/pii/S0960148121007539
https://www.sciencedirect.com/science/article/pii/S0960148120310739
https://www.sciencedirect.com/science/article/pii/S0960148120310739
https://www.sciencedirect.com/science/article/pii/S096014811300205X
https://www.sciencedirect.com/science/article/pii/S096014811300205X
https://www.sciencedirect.com/science/article/pii/S0301421519305154
https://www.sciencedirect.com/science/article/pii/S0301421519305154
https://www.sciencedirect.com/science/article/pii/S0301421519305154
https://www.sciencedirect.com/science/article/pii/S0301421515300124
https://www.sciencedirect.com/science/article/pii/S0301421515300124
http://dspace.cbe.ac.tz:8080/xmlui/bitstream/handle/123456789/1279/The-Influence-of-Rural-Electrification-on-Household-Income-Generation-in-Chamwino-District.pdf?sequence=1&isAllowed
http://dspace.cbe.ac.tz:8080/xmlui/bitstream/handle/123456789/1279/The-Influence-of-Rural-Electrification-on-Household-Income-Generation-in-Chamwino-District.pdf?sequence=1&isAllowed
http://dspace.cbe.ac.tz:8080/xmlui/bitstream/handle/123456789/1279/The-Influence-of-Rural-Electrification-on-Household-Income-Generation-in-Chamwino-District.pdf?sequence=1&isAllowed
http://dspace.cbe.ac.tz:8080/xmlui/bitstream/handle/123456789/1279/The-Influence-of-Rural-Electrification-on-Household-Income-Generation-in-Chamwino-District.pdf?sequence=1&isAllowed
https://www.jica.go.jp/english/our_work/evaluation/oda_loan/post/2002/pdf/033_full.pdf
https://www.jica.go.jp/english/our_work/evaluation/oda_loan/post/2002/pdf/033_full.pdf
https://www.jica.go.jp/english/our_work/evaluation/oda_loan/post/2002/pdf/033_full.pdf
https://www.sciencedirect.com/science/article/pii/S1040619023000052
https://www.sciencedirect.com/science/article/pii/S1040619023000052
https://www.sciencedirect.com/science/article/pii/S1040619023000052
https://www.sciencedirect.com/science/article/pii/S104061902300129X
https://www.sciencedirect.com/science/article/pii/S104061902300129X
https://www.sciencedirect.com/science/article/pii/S0301421523003270
https://www.sciencedirect.com/science/article/pii/S0301421523003270
https://www.suaire.sua.ac.tz/bitstream/handle/123456789/1319/VALERIAN-VITALIS-KIDOLE.pdf?sequence=1&isAllowed=y
https://www.suaire.sua.ac.tz/bitstream/handle/123456789/1319/VALERIAN-VITALIS-KIDOLE.pdf?sequence=1&isAllowed=y
https://www.suaire.sua.ac.tz/bitstream/handle/123456789/1319/VALERIAN-VITALIS-KIDOLE.pdf?sequence=1&isAllowed=y
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4va00259h


Paper Environmental Science: Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 3

/2
/2

02
6 

6:
11

:1
4 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
the prospects for rural electrication using stand alone and
hybrid energy technologies, Sustain. Energy Technol. Assess.,
2022, 52, 1–7.

46 A. Khogali, A. Ahmed, M. Ibrahim, K. Karrar, M. Elsheikh,
E. Abdelraheem, et al., Building power-ful health systems:
the impacts of electrication on health outcomes in
LMICs, Psychol. Health Med., 2022, 27(sup1), 124–137.
© 2024 The Author(s). Published by the Royal Society of Chemistry
47 M. M. Rahman, U. B. Henriksen and D. Ciolkosz, Startup
process, safety and risk assessment of biomass gasication
for off-grid rural electrication, Sci. Rep., 2023, 13(1), 21395.

48 M. M. Kamal, A. Mohammad, I. Ashraf and E. Fernandez,
Rural electrication using renewable energy resources and
its environmental impact assessment, Environ. Sci. Pollut.
Res. Int., 2022, 29(57), 86562–86579.

49 A. Tanner and A. L. Johnston, The Impact of Rural Electric
Access on Deforestation, World Dev., 2017, 94, 174–185.
Environ. Sci.: Adv., 2024, 3, 1586–1597 | 1597

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4va00259h

	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?

	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?

	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?
	Household welfare improvement in the Mbulu district of Tanzania: does rural electrification matter?


