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Abstract

Increasing electricity access remains a challenge, particularly in rural areas of sub-Saharan
Africa. This study examines the case of Tanzania, where connection rates remain low even
among rural households residing ‘under the grid’, and this despite substantial government
subsidies for household connections. Using data from 1,774 rural households living within
reach of the electricity grid, we investigate correlates of the low grid electricity uptake. We
find that proxies for wealth are positively associated with connection status, while social
network variables are less so. Capacity to pay thus appears to remain a major barrier, and
in-house wiring costs emerge as a significant expense unaddressed by the existing sub-
sidy scheme, exceeding grid connection costs sevenfold. Similar mechanisms influence the
choice between grid electricity and traditional or solar energy sources. These findings inform
the ongoing policy debate on subsidy design and the role of alternative energy sources in
expanding access.
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1. Introduction

Achieving the Sustainable Development Goal (SDG) 7 of universal access to electricity by
2030 will require additional efforts. The transition to clean energy is important to counter
the local and global environmental externalities induced by the continued reliance on
fossil and biomass energy sources (Balboni et al., 2024). Access deficits are particularly
chronic in rural sub-Saharan Africa, where the number of people without access in 2021
was around 450 million, more people than in 2010 (IEA et al., 2023). This is despite
heavy investment by several governments in the region to improve rural access to grid
electricity (cf. Lenz et al., 2017, for example). The government of Tanzania has devoted
significant effort and resources to a rural electrification program since 2007. Under this
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program, households are required to pay only the equivalent of US$13 to get connected
to grid electricity, as opposed to the normal connection price of US$80.

Household connections have remained low even among those residing along the grid
line (Chaplin et al., 2017). Low grid electricity uptake has also been found in other sub-
Saharan African countries, including Burkina Faso (Schmidt and Moradi, 2023) and
Kenya (Lee et al., 2016). Lee et al. (2020) later randomly allocated rural connection sub-
sidies in Kenya and diagnosed a sharp decline in connection rates as fees increase: while
almost all households connected if connection was for free, a subsidy equivalent to 57
per cent or 29 per cent increased connection rates by only 23 and 6 percentage points,
respectively, with similar findings provided by Bernard and Torero (2015). Beyond con-
nection costs as a potential driver, relatively little is known about drivers of and barriers
to household grid connections (Bonan et al., 2017).

This paper looks more closely into the low rural uptake of grid electricity by testing
various potential correlates of uptake among households living within reach of the elec-
tricity grid in rural Tanzania. Unlike Kenya, the government of Tanzania has largely
subsidised rural electricity connection fees. This raises the question of whether high
connection fees contribute to the low uptake. While the running costs of electricity are
another obvious and frequently cited reason for non-connection (Bos et al., 2018), this
paper focusses on key household-specific characteristics as potential determinants. Our
data on households living within reach of the grid enabled us to better identify such fac-
tors. We argue for the importance of household-specific characteristics in addressing not
only the second hurdle to connecting to grid electricity (i.e., connection fee), but also the
first hurdle, the cost of inhouse wiring, which has typically not been considered in previ-
ous studies. In light of a relatively high penetration rate of individual solar photovoltaic
(PV) systems, even among households living within reach of the electricity grid, we also
assess the choice between grid electricity and decentralised solar energy to shed more
light on this aspect of the rural energy transition.

For this analysis, we use information from both connected and non-connected house-
holds in electrified communities collected with a carefully designed sampling frame and
survey instrument. The study sample comprises 1,774 households from 43 rural ham-
lets located in central Tanzania. Using cross-sectional data applied to simple binary and
multinomial logit models, we find that household income and wealth proxies and - only
selectively — social network variables play important roles in connection status, paral-
leling the findings of other technology adoption studies (Lewis and Pattanayak, 2012;
Jaime et al., 2020). These associations are found when assessing the choice between grid
electricity and traditional energy sources, as well as between grid electricity and solar
energy. These results hint at the importance of other cost barriers, and we briefly dis-
cuss one candidate, in-house wiring, with costs many times higher than those for grid
connections in rural Tanzania.

The remainder of this paper is organised as follows. Section 2 provides contextual
background on energy access in rural Tanzania. Section 3 describes the methodology of
the study, including sampling and data collection and the estimation strategies. Section 4
presents the results, including both descriptive statistics and main estimation results.
Section 5 concludes the study.

2. Energy access in Tanzania: trends and interventions

The household sector consumes the highest share of the country’s primary energy (73 per
cent) and 40 per cent of electricity (Mkoma and Mabiki, 2011; Sander et al., 2013; URT,
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Figure 1. Rural electricity and grid electricity access rates in Tanzania and other East African countries.
Sources: URT (2017, 2020); IEA et al. (2021).

2015; Lusambo, 2016). The World Bank Global Electrification Database (WB-GED)
reports that, by the time of our survey in 2019, 19 per cent of rural households were con-
nected to an electricity source, a low rate even for East African and sub-Saharan African
standards (see bottom of figure 1). In the poor rural setting, lighting is the primary use
of electricity. Households have clearly been moving away from kerosene, as evidenced
by the sharp decline in the share of rural households using kerosene as the main source
of lighting energy, from 70 per cent in 2011/12 to 9 per cent in 2017/18 (URT, 2013,
2019; see also Bensch et al., 2017). Cooking as the energy service that accounts for most
of domestic primary energy demand is mainly done with biomass, even in households
with grid electricity (Kulindwa et al., 2018; Alem and Ruhinduka, 2020; Bensch et al.,
2021).

Figure 1 also presents data from the Government of Tanzania Energy Access Situa-
tion Surveys conducted in 2016 and 2019/20. There is a notable increase in the use of
off-grid sources such as decentralised solar devices, both in our study region of Dodoma
and in Tanzania as a whole. Separate surveys of rural areas in northern and western
Tanzania over a similar period confirm this trend (Bensch et al., 2019). Tanzania is
a hotspot for non-branded solar products imported from China, for the distribution
of pico-solar lighting products and for the development of mobile-based, pay-as-you-
go business models for solar products. A variety of solar products exists, ranging from
smaller solar lighting systems to larger solar home systems capable of powering multiple
appliances. While the data in figure 1 points to the challenge of classifying different solar
energy products as electricity sources or not, the main point that emerges from the figure
is the following: our study is conducted in a dynamic energy-access setting in which grid
electricity is taken up only incompletely by households, even when available.

The limited improvements in the adoption of grid electricity access come despite con-
siderable efforts to extend rural electricity grids. These efforts have been streamlined with
the establishment of the Rural Energy Agency (REA) in 2008 as an autonomous body
under the Ministry of Energy. REA’s annual budget increased in real terms 50 times to
US$239 million in 2016-17 (Godinho and Eberhard, 2018). REA in particular subsidised
connection fees in recently electrified villages, and households living in proximity of
distribution lines - thus requiring no extra electricity poles for household connection
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- had to pay 27,000 Tanzanian Shillings (TSh), which is equivalent to US$13, instead
of the regular TSh177,000 (US$80) by the research year (TANESCO, 2019). There are
several challenges to promoting access to grid electricity in rural Tanzania. Firstly, rural
Tanzania has a low population density and is marked by sparse settlements. This atten-
uates the financial sustainability of infrastructure investments such as the extension of
the national electricity grid. Secondly, regulated tariff rates are below the cost of gener-
ation, also considering the substantial transmission losses of 25 per cent (Gregory and
Sovacool, 2019). This makes connecting households to the electricity grid a loss-making
venture for the utility (Blimpo and Cosgrove-Davies, 2019). Third, the parastatal electric-
ity utility company, Tanzania Electric Supply Company (TANESCO) is partly perceived
as being inefficiently organised with an ambivalence toward reform (Twesigye, 2022).
As a consequence, even in electrified villages, household connection rates remain low.
The Government of Tanzania estimates that 78 per cent of the Tanzanian population has
access to grid electricity by the year 2020 in that they reside close enough to an electricity
pole, but only 38 per cent of the country’s population is actually connected (URT, 2020).

3. Methodology
3.1 Thedata

The data used in this study was collected in a large cluster in Mpwapwa district
of Dodoma region in central Tanzania. This cluster includes all 43 electrified sub-
villages (hamlets) from 24 villages in a radius of 35km around the district office of
TANESCO. The TANESCO district office served as a reference because technicians are
sent from these offices when prospective customers request an electricity connection.
The 35km threshold ensured that there were no supply side restrictions on electrifica-
tion. TANESCO confirmed being able to reach villages within this radius easily, whereas
it sometimes faces difficulties with requests from more remote places. This is due to
poor rural road conditions and insufficiency of physical and human resources. The sub-
villages were all electrified in the context of REA’s rural electrification schemes, REA I
to REA IIL.

The survey was conducted at the household level in August 2019, with complemen-
tary data collected at the sub-village level. The primary study population comprised
households living within reach of the electricity grid. After consultation with TANESCO,
we defined households living at most 60 m from the nearest electricity pole as within
reach of the grid or ‘under the grid” as we refer to them in the remainder of the paper.
Those living further away need to pay for additional poles which generally makes it pro-
hibitive for individual households to connect. Sampling in this corridor used a census
of non-connected households, which had been conducted for a prospective field exper-
iment that was intended to focus on interventions among non-connected households.
Sampled non-connected households had to meet a precondition for connection that
the utility TANESCO imposes for safety reasons: their roofs have to be made of iron
sheets. We also applied this criterion in our sampling so that we could better under-
stand what other factors drive the low uptake of electricity, conditional on meeting the
required criteria.! Connected households were additionally and randomly sampled dur-
ing the census exercise, by a ratio of 1:4 or 1:5, depending on the sub-village size. Most
sub-villages had between 125 and 250 households. Interviews were conducted with a

'With the increased adoption of modern roofing (URT, 2019), this structural requirement no longer
represents the strong barrier to connection that it was a few years earlier (cf. Ahlborg and Hammar, 2014).
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person who was present on the day of the interview and who knew the household and
its economic situation. In 74 per cent of cases this was the head of the household.

After using GPS data to verify that non-connected households in the sample live
within the 60-m threshold, our final sample comprises 1,774 households, of which 259
are connected. The actual rate of grid connection in our sample of households under the
grid is on average 56 per cent, according to data provided by sub-village representatives.

3.2 Estimation strategy

We estimate two types of econometric models to study the demand factor correlates
of electricity uptake using our survey data. First, we use a binary logit model, where
household electricity access is regressed on a comprehensive set of predictor variables:

Y,'j :X,Jﬁ—i—u,] (1)

Yj; isan indicator of connection to the electricity grid of household i in sub-village j and
takes the value 1 if the household is connected to the electricity grid, otherwise 0. § is the
vector of coefficients of interest and u; is the error term assuming logistic distribution.
Xij is a vector of explanatory variables.

We selected these Xj; variables based on factors linked to the uptake of modern
energy sources as articulated in the literature on fuel switching behaviour and on the
adoption of environmental technologies more generally (Van der Kroon et al., 2013;
Pattanayak et al., 2018; Aguilera et al., 2024). In this context, we also consider the lit-
erature on appliance adoption, as the two decisions are highly interdependent.? The
potential adoption factors mostly relate to what Van der Kroon et al. (2013) refer to
as the household-internal opportunity set, which can be categorised into housing char-
acteristics, demographic and socioeconomic factors, and social network related factors
(see table 1). The literature on social networks, for example, asserts that the decision to
adopt a new technology could be influenced by the adoption decisions of the household’s
network of family and friends (Bandiera and Rasul, 2006; Conley and Udry, 2010; Bea-
man et al., 2021). As we will discuss later, a cross section of these variables can also be
considered as proxies of wealth as a crucial factor for electricity uptake. We additionally
control for the geo-referenced distance from the sampled households to nearby electric-
ity poles and to the nearest TANESCO district office as additional, primarily external
factors potentially relevant for electricity uptake. The variables additionally have been
chosen for being plausibly unaffected by an electricity connection in order to avoid
confounding through an effect of the electricity connection outcome on these explana-
tory variables. This led us to exclude energy consumption from the studied explanatory
variables, for example.

Second, we adopt a multinomial logit model (MNL), given that MNL allows the anal-
ysis of decisions across more than two types of energy sources. This is to account for the
strong increase in decentralised electricity sources in rural Tanzania even among house-
holds under the grid. In our case, the response variable Yj; includes three distinct main

2The literature associates the demand for electric appliances with income and other household character-
istics (Rao and Ummel, 2017). Wolfram et al. (2012) and Dhanaraj et al. (2018) emphasise that a threshold
income is necessary for purchasing durable goods and that energy consumption grows rapidly beyond this
point. However, for sub-Saharan Africa, studies by Taneja (2018), Bensch et al. (2019), and Masselus et al.
(2024) indicate that appliance uptake and electricity consumption remain low even over the long term,
suggesting that many households have not yet reached that threshold income.
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Table 1. Descriptive statistics

Connected Non-connected Connected vs.
households households non-connected
Variable description Mean SD Mean SD p-value
Panel A: Housing and geographic characteristics
Housing wall is made of brick/stone/cement 0.69 0.47 0.00
House is privately owned 0.97 0.93 0.03
Number of rooms in the house 4.15 1.39 3.47 1.04 0.00
Distance from the nearest electricity pole,in ~ 20.87 10.75 25.02 13.21 0.00
meters (GPS measured)
Distance to the district TANESCO offices, in ~ 21.14 14.96 20.55 14.52 0.55
km
Panel B: Demographic and socioeconomic factors
Age of household head 44.20 12.60 45.83 16.24 0.13
Household head is male 0.78 0.66 0.00
Household head is married living with 0.88 0.70 0.00
spouse
Household head completed primary educa- 0.75 0.66 0.00
tion
Household head is employed or runs own 0.18 0.11 0.00
business
Household size 5.60 2.13 4.68 2.08 0.00
Daily family expenditure on basic needs, in 8,100 17,200 5,700 17,300 0.04
TSh
Any household member owns a bank 0.11 0.05 0.00
account
Panel C: Social network related factors
Number of years lived in the village 17.07 1338  15.75 14.59 0.17
Number of closest neighbours connected to 2.35 2.20 2.15 1.83 0.12
electricity
Number of friends/relatives connected to 3.51 5.08 2.52 3.21 0.00
electricity within the village
Amount of remittance received from 29,000 68,000 20,100 57,000 0.02
friends/relatives within past six months, in
TSh
Panel D: Electricity access
Main source of lighting energy
kerosene, candle or dry-cell battery 0.04 0.74 0.00
solar energy 0.01 0.25 0.00
grid electricity 0.95 0.00 0.00
Number of observations 259 1,515 1,774

SD, standard deviation.
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lighting energy alternatives k: electricity from the central grid, decentralised electricity
(i.e., solar energy with solar home systems or other electricity source) and traditional
non-electric sources (i.e., kerosene, candle and dry cell battery light). Accordingly, the
MNL model can be specified as follows:

exp(XiiB1)
> ko eXP(Xijlgk)’

where [ is the light energy source chosen by household i from sub-village j. X; is the same
vector of explanatory variables as in equation (1). In different specifications, we use either
traditional energy sources or decentralised electricity as the reference category, meaning
we set the f of this reference category to zero, which turns its exp (X;;8) equal to one.
Thus, B represents the vector of estimated coefficients for each of the two alternative
lighting energy sources /, respectively. The results of the MNL model are interpreted
in terms of relative risk ratios, i.e., the probability of choosing one outcome category
divided by the probability of choosing the reference category (Rahut et al., 2017; Bensch
et al., 2018). Accordingly, a parameter above (below) 1 indicates that the probability of
choosing grid electricity is higher (lower) than the probability of remaining with the
reference electricity source, either traditional energy sources or decentralised electricity.

Prob(Y;; =1) = (2)

4. Results
4.1 Descriptive statistics

Table 1 presents descriptive statistics of our sampled households, differentiated by con-
nection status. We show three sets of explanatory variables in panels A to C to underscore
the different roles played by each of these sets of factors on the uptake of modern
energy sources as articulated in the literature. Panel D shows descriptive statistics on
the dependent variable, electricity access.

Panel A presents housing and geographic characteristics of our sampled households.
Notably, connected households have bigger houses which are more often made of mod-
ern wall material according to simple bivariate ¢-tests on equality in means. The average
distance from the nearest TANESCO office is 21 km.

Only 12 per cent of household heads are engaged in off-farm activities (panel B).
All socioeconomic variables, except age of household head, show significant differences
between households with grid electricity and households without the connection. For
example, the average daily expenditure on basic needs over the past month® suggests
that connected households are relatively richer (TSh8,100 or US$3.5 per day) than non-
connected households (TSh5,700 or US$$2.5 per day).

We present variables related to social networks in panel C. We measure the extent of
social networks by a number of variables, including years lived in the village, number of
relatives and friends connected to electricity both within and outside the village, and the
amount of cash transfers (remittances in TSh value) received by the households from
relatives or friends living outside the village (which is obviously also a measure of ability
to pay). The number of friends and relatives who are connected to electricity and the

3The exact formulation of the question that elicited expenditure on basic needs in our survey instrument
was ‘Over the past month, approximately how much has your family been spending on average per day to
finance all the basic needs (food, drinks, etc)?. Enumerators were instructed that what falls under ‘etc’ would
only include related expenditures such as transport costs in relation to the purchase of food.
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value of remittances that households receive both show significant variations between
households with and without grid electricity.

Finally, Panel D makes it clear that for virtually all connected households, grid elec-
tricity is also their main energy source of lighting. At the same time, 25 per cent of
non-connected households have an alternative decentralised solar electricity source at
their disposal (other decentralised sources such as diesel generators are not found in our
sample) and 74 per cent rely on traditional sources of light (i.e., kerosene, candles, and
dry-cell batteries).

These results suggest that social and economic differences are correlated to some
degree with the uptake of electricity in rural Tanzania. A more detailed analysis of these
findings is provided in the following section. While our sample was not designed to
be representative of rural Tanzania, as it focuses specifically on households under the
grid, household characteristics in our sample align relatively closely with national statis-
tics, such as those in the Household Budget Survey 2017/18 (URT, 2019). For example,
the national rural mean household size is 4.9 (compared to 5.1 in our sample) and the
rural share of households with modern walling materials is 71 per cent (compared to 60
per cent in our sample), while the average daily expenditure on basic needs is TSh4,800
(compared to TSh6,000 in our sample).

In terms of local energy access, it is important to note that the decentralised solar
energy category in panel D encompasses the variety of products referred to in section
2. This diversity means that household adoption of solar energy can vary in both func-
tionality and cost, impacting the relative cost effectiveness of the different energy access
options, household energy usage and potentially related socioeconomic outcomes. Dry-
cell battery lamps are available at costs as low as US$2, while solar lamps tend to be more
expensive at around US$20. Solar home systems typically cost more than US$100, with
costs going up to US$700 for more powerful systems and cheaper non-branded systems
entering the market at the time of our survey (Bensch et al., 2019; Ankel-Peters et al.,
2024). Across these configurations, it appears consistent that solar energy offers greater
comfort and versatility compared to traditional energy sources (such as kerosene, that
would cost around US$1 per litre). At the same time, solar energy falls short of the capa-
bilities provided by grid electricity, which allows running high-power appliances and
machinery for a wider range of productive purposes. Considering that appliance uptake
beyond lighting is typically low among rural people, traditional and solar energy options
not only allow for lower upfront costs, but typically also have slightly lower recurrent
costs (cf. also Bensch et al., 2019).

4.2 Main estimation results

Table 2 presents the results from the binary logit model estimation, expressed as
marginal effects. In column (1), we show the estimation results on the determinants of
connection for a parsimonious model that controls only for the five housing and geo-
graphic characteristics falling under panel A of table 1. Adding further controls enables
us to assess other relevant correlates of electricity connection in rural Tanzania and to
test the robustness of our estimates to various model specifications.

The results suggest that distance from the TANESCO office has no association with
choosing to connect to grid electricity, which supports the notion that the sampled vil-
lages are sufficiently close to that office to be served when interested in a household
connection. Households located further from the nearest electricity pole are somewhat
less likely to have their houses connected to grid electricity even under the restriction of
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Table 2. Binary logit estimates on correlates of connection

Grid electricity connection

Dependent variable: Marginal effects

Coefficients: (1) (2)

Housing wall is made of brick/stone/cement 0.101 0.080
(0.022) (0.021)

House is privately owned 0.051 0.038
(0.033) (0.032)

Number of rooms in the house 0.047 0.036
(0.008) (0.007)

Distance from the nearest electricity pole, in meters —0.003 —0.003
(0.001) (0.001)

Distance to the district TANESCO offices, in km 0.000 0.000
(0.001) (0.001)

Age of household head —0.001
(0.000)

Household head is male —0.010
(0.021)

Household head is married living with spouse 0.081
(0.019)

Household head completed primary education 0.016
(0.017)

Household head is employed or running an own business 0.026
(0.029)

Household size 0.009
(0.003)

Daily family expenditure on basic needs, in TSh 0.000
(0.000)

Any household member owns a bank account 0.053
(0.040)

Number of years lived in the village 0.001
(0.001)

Number of closest neighbours connected to electricity —0.002
(0.005)

Number of friends/relatives connected to electricity within the village 0.002
(0.003)

Remittance received from friends/relatives within past six months, in TSh —0.000
(0.000)

Pseudo R? 0.094 0.133
Observations 1,774 1,774

Note: Standard errors clustered at the sub-village level in parentheses.

a 60-m radius. Specifically, an extra ten m from the electricity pole reduces the likelihood
of connection by 3 percentage points, other factors held constant. First, this may be due
to the fact that the 60-m radius is not a sharp cutoft - for example, obstructions between
the network and a house may need to be circumvented, so an extra pole may be required
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even within this radius. Accordingly, distance may partly drive adoption even in closer
vicinity to the grid. Second, we cannot exclude that our distance measure is endogenous
to a household’s political influence. If that was the case, electricity poles may be strate-
gically located closer to households whose owners are relatively more influential in the
villages due to their economic or political status.

Housing characteristics as measured by the number of rooms and walling materi-
als are robust predictors of connection status. Households with bigger houses and those
with strong walling structures (i.e., brick, cement or stone walls) are more likely than
their counterparts to be connected to grid electricity. While wall characteristics could put
an indirect physical constraint on connection (e.g., through the convenience of house
wiring), we believe that the mechanism through which housing size could influence
connection is primarily as another proxy for household’s ability to pay.

We present the estimation results for the broader set of potential correlates of connec-
tion in column (2) of table 2. Coefficients for the housing and geographic characteristics
remain largely unchanged. Beyond that, we find that relatively older household heads are
less likely than their younger counterparts to have their houses connected to grid elec-
tricity, all else equal. Married household heads living with their partners are more likely
to connect, suggesting that having a stable household structure increases the incentive to
invest in long-term improvements such as electricity and that these households face less
severe financial constraints that discourage such investments compared to those living
alone (i.e., non-married, divorced, or widowed), all else equal. A married couple is also
likely to have more social interactions because of their children and relatives on both
the husband’s and wife’s side; thus, connection to the grid electricity may be a prior-
ity to ensure stable lighting (for both the family but also for the night studies of their
school-going children) and use of some appliances like television for the family and the
relatives who come to visit the household. When it comes to the role of social networks,
we find that remittances received from close relatives and friends and the number of
social connections are not associated with the household’s decision to connect, all else
equal. Note that our measures may not capture all aspects related to social networks; for
example, Du et al. (2016) suggest that the strength of relationships between individuals
is more important for information diffusion related to energy decisions than the number
of connections they have.

Average household expenditure on basic needs shows no significant relationship with
electricity connection. While this measure can be seen as a proxy for income (cf. Rashid
et al., 2024, for example), the fact that it covers essential and thus less elastic expenditures
could partly explain the observed results. In contrast, the number of years a household
has resided in the village is found to be associated with connection. Given that some of
the assessed variables can more broadly be viewed as different proxies of wealth, we also
re-estimated the model in column (2) of table 2 collapsing these variables into a wealth
index using principal component analysis (Filmer and Pritchett, 2001). This alterna-
tive specification confirms the significance of wealth while leaving the other coefficients
largely unchanged (table Al in appendix).

The MNL model results can be taken from table 3. The interpretation of the relative
risk ratios (RRRs) is in reference to the base category mentioned at the bottom of the
table, either traditional non-electric lighting energy sources (i.e., kerosene, candles and
dry-cell batteries) or decentralised, mainly solar energy sources, allowing us to under-
stand potential drivers of grid connection. We see that changes in the distance from an
electricity pole not only makes it less likely to be grid connected compared to relying
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on traditional lighting sources but also compared to using solar energy sources. This
implies that those further from electricity poles not only have a lower probability of con-
necting to grid electricity but are also relatively more likely to use decentralised electric
sources. These results are robust even after controlling for additional covariates as pre-
sented in columns (3) and (4). Consistent with previous results, we find that in most cases
housing characteristics correlate significantly with the probability of using grid electric-
ity over traditional lighting sources or over solar energy. On average, households with
more rooms and households with walls made of brick, stone, or cement (as opposed
to lower-cost traditional building materials) are more likely to opt for grid electricity
rather than using traditional energy or solar energy as main lighting sources, all else
equal. Again, these results are stable and robust when controlling for other covariates.

Looking deeper into the extended set of controls in columns (3) and (4), results con-
firm our previous results in that married families and households that have lived longer
in the village are more likely to use grid electricity as opposed to traditional sources, all
else equal. Family expenditure, as a proxy for income, does have a significant but eco-
nomically minimal effect on the likelihood of connection to grid electricity. The number
of friends/relatives connected to grid electricity within the village and remittances now
weakly increase the likelihood of using a connection to the grid as opposed to traditional
energy sources or solar energy sources.

We find that for none of the assessed variables is the RRR significantly above one with
traditional energy sources as the reference category, and at the same time below one with
solar as the reference category, or vice versa. The results in table 3 are very consistent
with those presented in table 2, suggesting that the choice of any given lighting source,
including the uptake of REA electricity, is not random but rather influenced by a set of
parameters. It may also help to better understand the correlates of grid electricity uptake
to compare the RRRs in table 3 with those of decentralised solutions vis-a-vis traditional
energy sources. These are presented in table A2 in the appendix. We see that, overall, the
same variables are predictive of abandoning traditional energy sources, while correla-
tions tend to be smaller for decentralised solutions than for grid electricity, most notably
for the housing construction material as a stronger wealth measure. In line with expec-
tations, the two distance measures are above 1 and (weakly) significant, implying that
households living further away from electricity poles and TANESCO offices are more
likely to switch to decentralised solutions.*

4.3 Exploratory analysis of the role of in-house wiring costs

Discussions with different stakeholders in the preparatory phase of our survey suggested
that in-house wiring poses an additional deterrent. We therefore added questions to
our survey about households’ spending on in-house wiring. Indeed, these reported costs
amount on average to TSh240,000 (US$115), which is about seven times higher than the
grid connection fees paid to the utility for the wiring and equipment needed to connect
the house to the local low-voltage distribution grid. Interestingly, expectations about in-
house wiring costs among households not yet connected to the grid are only slightly
below the actual costs reported by connected households, and also differ by a factor of
seven. Hence, in-house wiring costs plausibly represent a barrier for many households

4 Appendix table A2 also presents a variant of the multinomial model estimations where we include the
wealth index that consolidates information from the different wealth proxies, analogous to the robustness
check conducted for table 2.
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Table 3. Multinomial logit estimates on correlates of lighting energy choices

Grid electricity connection

Dependent variable: Relative risk ratio (RRR)

Coefficients: (1) (2) (3) (4)
Housing wall is made of brick/stone/cement 3.003 1.922 2.534 1.879
(0.604) (0.419) (0.489) (0.412)
House is privately owned 2.044 1.769 1.797 1.535
(0.945) (0.973) (0.803) (0.812)
Number of rooms in the house 1.859 1.232 1.758 1.189
(0.137) (0.073) (0.133) (0.078)
Distance from the nearest electricity pole, in 0.975 0.965 0.974 0.965
meters
(0.006) (0.008) (0.006) (0.008)
Distance to the district TANESCO offices, in km 1.003 0.991 1.005 0.995
(0.008) (0.011) (0.008) (0.010)
Age of household head 0.977 0.991
(0.006) (0.008)
Household head is male 0.913 0.940
(0.214) (0.239)
Household head is married living with spouse 3.466 1.846
(1.025) (0.441)
Household head completed primary education 1.313 1.103
(0.249) (0.244)
Household head is employed or running an own 1.638 1.220
business
(0.422) (0.335)
Household size 1.085 1.045
(0.043) (0.035)
Daily family expenditure on basic needs, in TSh 1.000 1.000
(0.000) (0.000)
Any household member owns a bank account 1.681 1.336
(0.556) (0.400)
Number of years lived in the village 1.021 1.017
(0.007) (0.008)
Number of closest neighbours connected to 0.970 1.006
electricity
(0.051) (0.051)
Number of friends/relatives connected to elec- 1.049 1.003
tricity within the village
(0.026) (0.033)
Remittance received from friends/relatives 1.000 1.000
within past six months, in TSh
(0.000) (0.000)
Pseudo R? 0.073 0.073 0.119 0.119
Observations 1,774 1,774 1,774 1,774
Reference category traditional solar traditional solar

Note: Standard errors clustered at the sub-village level in parentheses.
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by making overall grid connection costs prohibitively expensive. In the absence of exoge-
nously varied in-house wiring costs, our data does not allow us to assess this hypothesis
in more detail.

5. Discussion and conclusion

In recent years, the Tanzanian government policy has been committed to extending elec-
tricity to rural villages and providing connection subsidies. Despite these efforts, the rate
of grid connection has remained very low. Our analysis shows that, despite the high level
of subsidies for grid connections, household wealth status still seems to significantly
influence the decision to connect, beyond other factors such as the stability of house-
hold structures. This may be partly because better-off households are more likely to be
able to afford not only the connection cost but also the subsequent purchase of electric
appliances (e.g., radio, television), something that can act as a motivating factor. We also
find indications that in-house wiring costs present a substantive additional cost barrier
typically unaccounted for. Future research could look more rigorously at this cost fac-
tor to see how much of a barrier it is to household electricity uptake, for example by
randomly varying subsidies that also cover wiring costs. In addition, policy could con-
sider technical alternatives to reduce wiring costs for low-income households such as
readyboards, which are pre-assembled, compact electrical distribution boards.

Any such policy efforts have to consider both the financial sustainability of sub-
sidy schemes and the cost effectiveness of on- versus off-grid solutions. It is key that
the marginal fixed and operational costs of the electric utility company to connect
and service a new household justify the size of marginal subsidy per household. Like
most African electricity utilities, the Tanzanian utility, TANESCO, seems to struggle
with covering costs when connecting low-consuming households. For future research, it
therefore seems relevant to link information on operational costs and on electric appli-
ances adoption with the intensity of electricity usage to explore these crucial questions
on the financial sustainability in the electricity sector.

Existing literature recognises the transformative potential of grid electricity, but also
highlights the limited environmental and productive impacts in rural areas of recently
electrified areas (Peters and Sievert, 2016; Bos et al., 2018; Lee et al., 2020), suggesting that
smaller-sized and cheaper off-grid solutions may be the more cost-effective solution for
certain regions and population strata (Ankel-Peters ef al., 2024). We also find indications
for a shift of user preferences from on-grid to smaller and cheaper off-grid technologies,
considering that a notable share of households opt for individual solar energy even in our
study sample of households living within reach of the electricity grid. In this context, we
furthermore find that the mechanisms that lead households to choose electricity over
traditional energy sources seem to work in a similar way when it comes to choosing
between electricity and decentralised solutions such as individual solar energy sources.

°In appendix table A3 we present results for the estimations in table 3 where we add in-house wiring
costs as an additional explanatory variable, using both actual wiring costs for connected households and
expected wiring costs for non-connected households. Wiring costs turn out to be positively correlated with
connection status. Since wiring costs are likely subject to stronger endogeneity and measurement error
compared to other explanatory variables, this positive correlation should be rather understood as reflecting
two confounding factors: (i) households that are more capable and willing to pay for higher wiring costs
have already decided to connect, making observed wiring costs a reflection of their financial capacity and
willingness to invest rather than a direct barrier to connection, and (ii) non-connected households tend to
expect lower wiring costs than the actual wiring costs incurred by connected households, which may reflect
an underestimation of the financial burden by non-connected households.
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Data. The Stata data and code that support the findings of this study are available at https://doi.org/10.
7807/ruhindukaetal25-ede:v1.
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Appendix A. Complementary estimation results

Table Al. Binary logit estimates on correlates of connection, alternative specification

Grid electricity connection

Dependent variable: Marginal effects
Coefficients: (1)
Housing wall is made of brick/stone/cement -#-
House is privately owned -#-
Number of rooms in the house -#-
Distance from the nearest electricity pole, in meters —0.003
(0.001)
Distance to the district TANESCO offices, in km —0.000
(0.001)
Age of household head —0.001
(0.001)
Household head is male —0.002
(0.021)
Household head is married living with spouse 0.079
(0.019)
Household head completed primary education 0.008
(0.017)
Household head is employed or running an own business 0.008
(0.028)
Household size 0.008
(0.003)
Daily family expenditure on basic needs, in TSh -#-
Any household member owns a bank account -#-
Number of years lived in the village 0.001
(0.001)
Number of closest neighbours connected to electricity —0.002
(0.005)
Number of friends/relatives connected to electricity within the village 0.003
(0.002)
Remittance received from friends/relatives within past six months, in TSh -#-
Wealth index based on PCA 0.049
(0.009)
Pseudo R? 0.135
Number of observations 1,774

Notes: -#- refers to the six variables collapsed into the wealth index based on principal component analysis (PCA) listed at
the bottom of the table. In line with standard practise, the PC scores for the first component are used to create the index,
with a mean of 0 and standard deviation of 1. Standard errors clustered at the sub-village level in parentheses.
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Table A2. Multinomial logit estimates on correlates of lighting energy choices, alternative specifications

Grid electricity connection Connection to solar
Dependent variable: Relative risk ratio (RRR) Relative risk ratio (RRR)
Coefficients: (1) () @) (4)
Housing wall is made of -#- -#- 1.563 1.349
brick/stone/cement
(0.267) (0.218)
House is privately owned -#- -#- 1.156 1.168
(0.325) (0.309)
Number of rooms in the house -#- -#- 1.509 1.478
(0.084) (0.081)
Distance from the nearest electricity 0.971 0.963 1.011 1.010
pole, in meters
(0.006) (0.008) (0.006) (0.006)
Distance to the district TANESCO 1.006 0.994 1.012 1.010
offices, in km
(0.008) (0.010) (0.007) (0.006)
Age of household head 0.979 0.991 0.986
(0.006) (0.008) (0.007)
Household head is male 0.933 1.062 0.972
(0.214) (0.279) (0.207)
Household head is married living 3.506 1.751 1.884
with spouse
(1.018) (0.397) (0.397)
Household head completed primary 1.199 1.062 1.191
education
(0.241) (0.242) (0.167)
Household head is employed or run- 1.269 1.184 1.338
ning an own business
(0.337) (0.337) (0.225)
Household size 1.068 1.046 1.039
(0.044) (0.037) (0.032)
Daily family expenditure on basic -#- -#- 1.000
needs, in TSh
(0.000)
Any household member owns a bank -#- -#- 1.259
account
(0.344)
Number of years lived in the village 1.023 1.017 1.004
(0.007) (0.008) (0.007)
Number of closest neighbours 0.964 1.003 0.964
connected to electricity
(0.050) (0.052) (0.041)
Number of friends/relatives 1.048 1.011 1.047
connected to electricity within the
village
(0.024) (0.033) (0.028)
Continued.
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Table A2. Continued.

Grid electricity connection Connection to solar
Dependent variable: Relative risk ratio (RRR) Relative risk ratio (RRR)
Coefficients: (1) (2) (3) (4)
Remittance received from -#- -#- 1.000
friends/relatives within past six
months, in TSh
(0.000)
Wealth proxy based on PCA 2.132 1.226
(0.166) (0.076)
Pseudo R? 0.121 0.121 0.073 0.119
Number of observations 1,774 1,774 1,774 1,774
Reference category traditional solar traditional traditional

Notes: -#- refers to the six variables collapsed into the wealth index based on principal component analysis (PCA) listed at
the bottom of the table. In line with standard practise, the PC scores for the first component are used to create the index,
with a mean of 0 and standard deviation of 1. Standard errors clustered at the sub-village level in parentheses.

Table A3. Multinomial logit estimates on correlates of lighting energy choices, specifications including
wiring costs

Grid electricity connection

Dependent variable: Relative risk ratio (RRR)

Coefficients: (1) (2) (3) (4)
In-house wiring costs, in TSh 1.0000 1.0000 1.0000 1.0000
(0.000) (0.000) (0.000) (0.000)
In-house wiring costs, in log 1.956 1.809 1.981 1.923
(0.506) (0.482) (0.489) (0.522)
Set of additional controls Table 3, columns (1) & (2) Table 3, columns (3) & (4)
Pseudo R? 0.081-0.082 0.128-0.129
Number of observations 1,573 1,573 1,573 1,573
Reference category traditional solar traditional traditional

Notes: The table presents results for separate estimations including either wiring costs as a continuous variable or in
logarithmic terms. Standard errors clustered at the sub-village level in parentheses.
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