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ABSTRACT

Recently, penetration rates of solar PV-systems increased drastically in rural Sub-Saharan Africa, 
and there will be less areas without electricity access altogether. Simultaneously, mini-grid 
systems are expected to be key in rural electrification because they allow for higher loads. 
Eventually, interconnection of national grids with mini-grid systems will gain importance. This 
case study compares impacts of electrification on households connected to an interconnected 
4 MW mini-grid system with effects on households connected to off-grid energy systems in rural 
Tanzania. Relying on Propensity Score Matching, the analysis detects minor differences 
regarding usage of electrical equipment and expenditures for energy sources between the 
comparison groups. As has been expected, it concludes that grid-electrified households have 
significantly higher mean lumen and lighting hours. However, the case study shows that off-grid 
technologies, including solar PV-systems, are important sources to bridge and narrow the 
electricity gap and can already meet a critical level of rural electricity demand of households. 
Pre-grid-electrified statuses and their socio-economic impacts need to be reflected in research as 

they build the foundation for further electrification measures.

1. Introduction

In the last decade, many achievements have been made in 
increasing the number of individuals who have access to 
electricity. Notwithstanding, more than 1 billion of people 
worldwide still lack access to electricity connections. 
This is particularly true for rural areas of Sub-Saharan 
Africa (SSA), where demographic growth is outpacing 
access gains. At present, 587 million Sub-Saharan 
Africans do not have access to electricity [1] and this 
figure is expected to increase by 45 million until 2030 [2]. 

In Tanzania, which is the focus of the paper, some 
progress has been made recently, and the access to elec-
tricity rate jumped from less than 20% of the population 
in 2014 to 32.8% in 2016 [3]. At the same time, Tanzania 
is still one of the poorest countries in the world in terms 
of GDP per capita (constant 2010 US$) with approxi-
mately 867 USD in 2016 [3].

The nexus between electricity consumption and/or 
access to electricity and economic development has been 
studied extensively. Payne surveyed international 
evidence on the relationship between energy consumption 
and growth [4], whereas Ozturk studied the research 
done in the field of the energy-growth nexus [5]. Omri 
[6] analyzed the literature on this relationship by 
country-specific cases. Notwithstanding, to date there is 
no clear consensus regarding the causality of the 
relationship between them.

Studies on micro level also yield mixed results con-
cerning the evidence of socio-economic impacts of 
(rural) electrification. However, there is no doubt that 
rural electrification is a critical factor for socio- 
economic development as identified by Peters et al. [7] 
and Grimm et al. [8] for SSA countries, and the IEG [9] 
and Kanagawa et al. [10] for developing countries in 
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[16] for the case of Nigeria). Yet, to the disadvantage of 
sustainable electrification and development, grid- 
electrification is still most preferred mode of electrifica-
tion in many SSA countries [17].

The interconnection of mini-grid systems to the 
national grid may provide a necessary step towards full-
scale electrification, until economic and topographical 
challenges are met while the revenue base increases. On 
the other hand, interconnection of systems might help to 
avoid sunk investment costs in mini-grid systems, e.g. 
when the national grid arrives. Nevertheless, off-grid 
technologies interconnected with a main grid are rarely 
studied yet. Additionally, a recently published report on 
mini-grid system deployment in Tanzania calls for more 
formal research on analyzing the impacts of mini-grids 
in Tanzania, as most information on the effects is still 
“anecdotal” [18] (p.11). As a basis for further proceeding 
with rural electrification, the quantitative benefits of 
such need to be understood better.

This paper strives to fill these gaps identified by 
detecting socio-economic effects of access to an inter-
connected mini-grid system. Based on a case study in 
rural Tanzania, it compares off-grid with grid-connected 
statuses of households. To establish household compari-
son groups, this study relies on a non-experimental 
research method, Propensity Score Matching (PSM). 
PSM allows to address the challenge of identifying an 
appropriate counterfactual group. 

The major share of electricity in rural households in 
SSA is still used for lighting or illumination purposes as 
observed by Bernard [11], IEG [9], Lenz et al. [19] and 
Bensch et al. [20]. Illumination belongs to the most 
direct impacts of electrification and assumes an 
intermediary role in promoting effects on final impact 
indicators. Therefore, this case study puts a special 
focus on the intermediary outcome of electricity: 
Lighting and lumen hours (lmhr). To reflect on education, 
the analysis studies the treatment effects of electricity on 
children’s home based study time after nightfall. 
Additionally, the paper investigates the effects of 
electricity on households’ weekly energy expenditures 
and consumption of energy sources and daily usage time 
of the most frequently owned electric appliances in 
terms of TV, radio and mobile phone. These indicators 
are assumed to affect household´s health, income and 
also education. 

1.1. Background and project
Tanzania´s installed power generation capacity is only 
about 1,500 MW [21]. This low figure is reflected in 

general. In research on evidence of impacts of (rural) 
electrification, researchers frequently refer to the theory 
of change to analyze causal effects of electricity con-
sumption on selected indicators for a defined population 
(e.g. [11, p. 14] and graphically well illustrated by Peters 
et al. [7, p. 329]). The framework of the theory of change 
displays the channels - from inputs to activities to out-
puts, (intermediate) outcomes, and longer-term goals- 
through which an input factor or intervention becomes 
theoretically effective [12, p. 20 f.]. Commonly, research-
ers study the following final impact indicators of house-
hold´s electricity use: Income, education and health. 
Thereby, they intend to capture the socio-economic situ-
ation of households which might have changed through 
their access to electricity. 

In the SSA context, evidence on socio-economic 
effects of (rural) electrification is inconclusive and 
patchy in terms of space and time. The majority of 
studies compares households from either grid-electrified 
with not (yet) grid-electrified villages, or households 
from off-grid electrified villages with those from not 
(yet) electrified areas. However, even in least electrified 
areas such as in SSA, there will be less and less areas 
that are still completely without electricity access, as the 
penetration through off-grid solar based energy systems 
has accelerated in recent years [13]. 

As a means to quantify the quality of energy access, 
the Multi-Tier-Framework from the Energy Sector 
Management Assistance Program (ESMAP) from the 
World Bank no longer defines electrification as binary 
(e.g. whether a household has access to electricity or 
not) but multi-dimensional [14]. By considering the 
user´s perspective, the spectrum of service levels and 
neutrality of technology delivering the service, they 
strive to capture better the multiple modes of energy 
access [IBID].

The International Energy Agency (IEA) estimates that 
a major share of the universal access to electricity by 
2030 is expected to be achieved by off-grid technologies 
such as (isolated) mini-grid systems [15]. Some of these 
technologies might play a key role to pre-grid-electrify 
communities, households and enterprises before the 
national grid arrives and could be interconnected to it at 
a later point of time. Compared to conventional grid 
technologies, off-grid systems that are based on renew-
able energy sources might allow for access to electricity 
in a more environmentally friendly manner. In light of 
inadequate grid supply, off-grid systems, such as PV 
systems, could even meet suburban housing electricity 
demand in a techno-economically manner (as shown by 
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10,000 MW by 2025 [25]. The 4 MW Mwenga run-of-
river Hydro Power project which is the focus of the pres-
ent study, is one of the first projects under the SPPA 
scheme, and is a mini-grid system interconnected to the 
nation’s main grid. The majority of its power generated is 
sold to the central grid (to the state utility TANESCO), but 
it also sells power to the local tea industry and the rural 
community [26]. In 2018, approximately 80% of electric-
ity consumed by the rural community is still on subsis-
tence plateau with less than 50 kWh per month [27]. 

The project´s location is in Mufindi, one of the three 
districts of the Iringa Region in the Southern Highlands 
of Tanzania. The intensively forested and farmed region 
is the second richest region of Tanzania in terms of GDP 
per capita (approximately $ 880 USD in 2012 [28]). The 
Mufindi region lies on an altitude between 1700 m and 
2000 m above sea level and is characterized by its hilly 
topography, long rainfall and short dry seasons.

In Figure 1, the current Mwenga power network 
system is displayed. Grid-connected areas, mostly 
located in the south, received access to grid-electricity in 
2012. By the end of 2015, when research data was 
collected, the villages in the north were still not connected 
to the mini-grid system. The mini-grid extension to the 
northern villages became operational in 2017.

official indicators on electricity access. Annual electric 
power consumption per capita amounts to approximately 
99 kWh and access to electricity is limited to only 
32.8% of the population. In urban areas, approximately 
65.3% of the population has access to electricity, 
whereas in rural parts- where three quarters of the 
Tanzanian population lives-only 16.9% of the population 
is connected to electricity [3]. The growing importance 
of off-grid technologies for rural areas is reflected there. 
For example, approximately 65% of rural electrified 
households rely on solar power [22].

In line with these developments, the Investment 
Prospectus for Rural Electrification estimates that about 
half of the Tanzanian rural population could be cost-
effectively best served by off-grid and/or mini-grid 
solutions [23]. This corresponds with recommendations 
from the International Renewable Energy Agency 
(IRENA) [24], which estimates that more than 60% of 
rural areas globally should be best served by renewable 
powered off-grid electrification to achieve universal 
access by 2030.

With the Electricity Act of 2008, the government intro-
duced comprehensive energy sector reforms including a 
framework for Small Power Producers (SPPA). The 
authorities plan to expand generation capacity up to 

Figure 1: Map showing sampled grid-electrified and non- grid electrified villages in 2015 Source: Author based on [29]
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Due to data constraints, mobile, non-solar powered 
torches and candles are excluded from the analysis on 
lighting. Firewood is rarely used for lighting and is 
therefore also excluded. Information on lighting tools 
has been cross-checked by knowledgeable project 
partners [33]. 

It should be noted that firewood, kerosene and 
paraffin, charcoal, LPG/LNG, Diesel and dry-cell 
batteries are important energy sources of rural households 
in SSA. These energy sources could be replaced by 
access to (grid-) electricity, which is why household´s 
monthly expenditures and usage of these energy sources 
will be studied more in detail below.

2.2. Propensity score matching (PSM)
This study examines socio-economic impacts of grid-
electrification. These include lighting and lumen hours, 
children´s study time after nightfall, energy expenditures 
and usage time of the most frequent appliances used by 
households in rural Sub-Saharan African areas in terms 
of TV, mobile phone and radio.

For the purpose of effect analysis, two comparison 
groups, one of those households being exposed to the 
invention (here: grid-electrified households) and one of 
those households not being exposed to it (off-grid 
households), need to be established. However, the 
isolation of the genuine effects of grid-electrification 
might be biased by unobserved influencing parameters 
researchers cannot control for. Theoretically, the most 
suitable research design to address bias is randomly 
chosen research units. However, practical research 
cannot always achieve this. To tackle biases and 
influencing factors, this study relies on PSM based on 
[37]. It is a quasi-experimental method frequently 
applied in research when the intervention to be studied 
is not assigned randomly to units as it often happens in 
rural electrification [38]. 

2. Methodology

This section provides the survey design and imple- 
mentation as well as the description of Propensity Score 
Matching (PSM).

2.1. Survey design and implementation
Household surveys with more than 70 detailed questions 
on socio-economic background and energy use were 
conducted by the end of 2015. The selection of the four 
grid connected and two not yet grid-connected villages 
(see Figure 1, above) was not done randomly. It was 
intended to select villages that are comparable in terms 
of their background conditions: Accessibility, existence 
of complementary infrastructures and context character-
istics (such as topography, distance to bigger cities and 
towns, educational services, health services, (regular) 
markets in the village, (formal) financial services, 
mobile phone network, main income sources and pres-
ence of other development projects). 

Qualitative information on that level has been obtained 
by consulting local informants like village leaders or 
project representatives. Additionally, secondary sources 
such as official reports, other studies and census data 
supported the selection of the sample villages [30, 31]. 
Household selection was based on random selection due 
to the difficulty of detached household locations. In 
total, 120 households were interviewed in mini-grid-
connected and not yet grid-electrified areas. This 
represents approximately 10% of total households in 
those villages. Approximately 44% of the households 
were located in grid-electrified areas, whereas 56% of 
them were based in off-grid areas. Data collection was 
based on standardized questionnaires (Author based on 
[30] and [32]] and the interviewers were trained before 
taking the surveys. A pre-test of the questionnaires 
aimed to detect misunderstandings, uncertainties, or 
other difficulties interviewers and interviewees may 
encounter. 

Daily mean lighting and lumen hours are based on the 
information provided by the household, on how many 
lighting hours per day the respective lighting devices are 
used. The calculation on daily lumen hours is based on 
assumptions of luminous flux. 

Table 1 below indicates lower and higher levels of 
luminous flux of the most common lighting devices 
used by households in grid- and non- grid-electrified 
areas: CFL Energy Saver (30 W), Energy Saver (SHS), 
Kerosene/Paraffin Wick Lamp, Incandescent Bulbs 
(40 W), Fluorescent Tube (30 W) and Solar Lamp. 

Table 1: Assumptions on luminous flux of lighting tools

Lower 
luminous  
flux [lm]

Higher 
luminous  
flux [lm]

CFL Energy Saver (30 W) [34] 1500 2100

Energy Saver (SHS) [33] 210 420

Kerosene Wick Lamp [35] 8 82

Incandescent Bulb (40 W) [36] 400 680

Fluorescent Tube (30 W) [36] 750 3540

Solar Lamp (stored in 
rechargeable batteries) [35]

25 200
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similar living conditions in terms of a large part of their 
characteristics and irrespective of their grid-connection 
status. In Table 2 below, the characteristics of households 
are presented with respect to their grid-connection status. 
In addition, Table 2 displays the corresponding test 
statistic (t-statistic or chi-square (χ2)). 

It can be noted that the means and shares of households 
do not differ statistically significantly in terms of 
household size, number of household members 
contributing to the household income household´s head 
education, age and gender. 

Additionally, households from off-grid areas have 
comparable access to formal financial services, 
ownerships of buildings and farm land. Yet, there are 
statistically significant differences in terms of use of 
formal financial services, primary source of drinking 
water, toilet type facility and number of rooms, as well 
as floor type in a household´s main building. The 
differing primary sources of drinking water reflect the 
fact that public water pumps were available in not yet 
grid-connected villages.

As presented in Table 2, it can be noted that almost 
half of the households (47%) in the not yet grid-
connected villages use Solar Home Systems and there is 
an evident difference in usage of Solar Home System 
between households from the grid-electrified (8%) and 
not yet grid-electrified villages. Thus, almost half of the 
not yet grid-connected households are already electrified 
in terms of access to solar based technologies. In 2009, 
only 4% of the not yet connected households reported to 
own Solar Home Systems [31]. This finding underlines 
the significantly increased importance of solar powered 
technologies and the pre-grid electrification status of 
off-grid households in this region. 

Conversely, some households in the grid-connected 
areas reported to have had access to solar power before 
the grid arrived, and still use it. Individual generators are 
rarely used in both areas and some few households also 
use batteries to power their homes. However, results 
suggest that some households combine multiple 
electricity resources, instead of only relying on one 
electricity resource. On the other hand, firewood is the 
main energy source for cooking for households (93% in 
grid-electrified household compared to 99% in not yet 
grid-electrified households).

As Table 3 below shows, households differ signifi-
cantly in their weekly mean expenditure on electricity, 
kerosene and paraffin, dry-cell batteries and candles.  

To ensure a high matching quality, Genetic matching 
is applied to establish comparison groups. The calculated 
mean difference between the outcomes of these two 
matched groups is then interpreted as the (population) 
average intervention or treatment effect [37]. 

However, as the study deals with non-random 
targeting of electrification, it is restricted to a subsample 
of the population. Therefore, the analysis considers 
“alternate treatment effects”, the treatment-on-the-
treated- effects (TOT) or average treatment effects on 
the treated (ATT):

E(Yi1) I zi = 1 – E(Yi0 ) I zi = 1;  

treatment effect for treated unit i = outcomei (observed) 
- outcomei (unobserved) or treatment effect for non-
treated unit i = outcomei (unobserved) - outcomei 
(observed), where only the expected observed and 
potential outcomes Y of the units being treated zi = 1 are 
considered [37]. 

The types of treatment effects could differ significantly 
due to the aforementioned presence of hidden and non-
observed biases. This is also why the subsequent 
sensitivity analysis is of crucial importance to undermine 
the detected effects [39] based on [40] and [41]. The 
sensitivity analysis is based on the Wilcoxon-signed 
ranks test as suggested by [42]. The whole analysis is 
conducted in R [43] and follows the structure as 
suggested by Leite et al. [39]. 

3. Empirical results

This section provides descriptive statistics and the steps 
involved in PSM. Descriptive statistics allow the reader 
to get an understanding of important socio-economic 
characteristics and conditions of households in the study 
area. This part further contrasts household´s ownership 
and usage of electric appliances as well as expenditures 
on and usage of energy sources. Moreover, it also 
contains information regarding illumination before 
matching analysis is undertaken. PSM includes the 
identification of covariates for model specification 
encompassing checks on model quality, the estimation 
of the effects of electrification and a subsequent 
sensitivity analysis.

3.1. Descriptive statistics
Data analysis from the survey before the matching 
procedure indicates that households from both areas have 

(1)
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Conversely, households in grid-electrified villages 
have higher weekly average costs for candles. Differences 
were also identified in firewood and charcoal 
expenditures. However, these differences are statistically 

In the not yet grid-electrified villages, households do not 
incur any electricity costs. It is evident that their average 
expenditures for kerosene, paraffin and batteries are 
 significantly higher. 

Table 2: Descriptive statistics on surveyed households from grid- connected and not yet grid connected areas

Grid-electrified 
households

(sample size = 40)

Not yet grid-electrified 
households

(sample size = 66) Test statistic

Average household size 4.5 4.5 t = 0.13

Share of male household heads [%] 80 82 X2 = 6.71

Average household head´s education [in yr] 7 7 t = 0.26

Average age of household head [in yr] 43 41 t = 0.77

Average no. of household members contributing to  
household income

2 2 t = 1.1

Household has access to formal financial services [%] 77.5 87.9 X2 = 1.29

Household uses formal financial services [%] 72.5 87.9 X2 = 3.03*

Share of households owning farm land [%] 97.5 100 X2 = 0.06

No. of buildings a household owns 2 2 t = 0.12

No. of rooms in household´s main building 7 6 t = 1.96*

Wall material of main building (baked bricks) [%] 77.5 74.2 X2 = 0.02

Floor material of main building (cement) [%] 55 74.2 X2 = 3.35*

Roof top material of main building (iron) [%] 100 98.5 X2 = 0.0

Household´s toilet facility (without drainage) [%] 85 100 X2 = 7.87***

Household´s source of drinking water (unprotected spring) [%] 92.5 50 X2 = 18.21***

Firewood is the main energy source for cooking [%] 93 99 X2 = 2.4567

Usage of Solar Home System [%] 8 47 X2 = 17.80***

Usage of car battery for electric purposes [%] 8 2 X2 = 0.296

Usage of individual generator [%] 0 0 NA

***, **, * indicate 1%, 5% and 10% level of significance

Table 3: Weekly energy related expenditures (in Tanzanian shilling) per household in grid and not yet grid-connected villages

Grid-electrified households
Not yet grid-electrified 

households Test statistic

Electricity 1040 0 t = 10.71***

Kerosene, Paraffin 70 625 t = –3.17***

Diesel 0 0 NA

LPG/LNG 0 0 NA

Charcoal 275 38 t = 1.10

Candles 308 85 t = 1.79*

Dry-cell batteries 139 1274 t = –4.72***

Firewood 437 38 t = 1.57

***, **, * indicate 1%, 5% and 10% level of significance
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below, the households differ significantly in terms of 
weekly average usage of kerosene and paraffin and   
dry-cell batteries. No significant differences can be 
identified in terms of weekly average usage of candles.

Table 5 below displays ownership and daily usage of 
electric appliances in the analyzed households. 
Households from both areas are similar regarding radio 
and mobile phone usage and ownership. These are the 
most possessed and used technologies. 

It should be noted that mobile phone usage may 
reflect charging with electricity, whereby the operation 
of radios could also be based on dry-cell batteries. In 

not significant. It should be noted that most households 
collect firewood which is free of charge. Among the 
negligible expenditure items of households are LPG/
LNG and diesel.

However, it should be noted that prices of the different 
energy sources might differ, which might affect the level 
of expenditure. For this reason, the study took into 
account the quantities of different energy sources that a 
household consumes on a weekly basis. The analysis is 
limited to those energy expenditures (apart from 
elasticity and firewood) that were significantly different 
before (see in Table 3 before). As shown in Table 4 

Table 4: Weekly consumed amount of energy sources per household in grid and not yet grid-connected villages

Grid-electrified 
households

Not yet grid-electrified 
households Test statistic

Kerosene, Paraffin [in ltr] 0.04 0.2 t = –2.57**

Candles 0.7 0.2 t = 1.59

Dry-cell batteries 0.2 1.9 t = –5.16***

***, **, * indicate 1%, 5% and 10% level of significance

Table 5: Ownership (share in%) and daily mean usage of electric appliances (in minutes) of grid and not yet grid-connected 
households

Grid-electrified 
households

Not yet grid-electrified 
households Test statistic

Radio 90 86 X2 = 0.3

Radio usage 210 242 t = -0.934

Mobile phone 95 80 X2= 4.42*

Mobile phone usage 128.6 35.4 t = 1.244

TV 50 15 X2 = 13.23***

TV usage 85 26.1 t = 3.025***

Computer 13 1.5 X2 = 5.628**

Computer usage 22.5 1 t = 1.871**

Water heater 5 0 X2 = 3.364

Mill 5 0 X2 = 3.364

Iron 18 9 X2 = 1.636

Refrigerator 3 0 X2 = 1.665

Internet facility 5 0 X2 = 3.364

Power tiller 0 1.5 X2 = 0.612

Washing machine 0 0 NA

Sewing machine 0 0 NA

Water pump 0 0 NA

Fan 0 0 NA

***, **, * indicate 1%, 5% and 10% level of significance
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The mean values in daily lighting and lumen hours 
(lower and higher levels assumed) differ between the 
households from the mini-grid-electrified and off-  
 grid-electrified villages (see Table 6 above). It is evident 
that households the grid-electrified area have significantly 
higher daily mean lighting (32.95 hours per day 
compared to 23.94 hours per day) and lumen hours 
(44924 lmhr or 65288 lmhr compared to 4096 or 
8785 lmhr, respectively). In terms of daily lighting 
hours, the discrepancies are not too high. However, in 
terms of lumen hours, the differences are substantial. 
Although households from not yet grid-connected 
villages also have access to (electric) light sources their 
lighting quality is significantly lower. 

Based on the significant results regarding illumination, 
in the following, the study examines whether the 
extended and improved illumination has an effect on the 
daily home-based study time of children after nightfall, 
which could impact their education. As can be noted in 
see Table 7 above, on average, children of not yet grid-
villages study more after nightfall than children from 
grid-electrified villages (57.9 minutes compared to 
46.5 minutes, respectively). However, the differences are 
minor and statistically not significant. 

3.2. Identification of covariates for PSM
The selection of covariates for the final model to esti-
mate the propensity scores draws on former research 
and previous statistical checks [19,20,44]. As shown in 
Table 8 below, covariates include gender and educa-

terms of TV and computer ownership, it can be noted 
that households differ significantly. In addition, there is 
a statistically significantly higher usage of TVs or 
computers in grid-electrified households. 

However, computers are generally less widespread 
than TVs. Moreover, only a minor share of grid-
connected households owns an internet facility. This is 
also why the study does not consider the usage of 
computers in the PSM below. 

In addition, very few households own an iron, a mill, 
a power tiller, a water heater, or a refrigerator, which is 
why their usage- despite their productive potential- is 
not studied more in detail in the following. No household 
possesses a washing or a sewing machine, a water pump 
or a fan. Overall, it should be noted that most of the 
differences observed are not statistically significant. 
This underlines the similarities of households regarding 
electric appliance ownership.

As previously described, the study distinguishes 
between lower and higher levels of lumen of the most 
frequent lighting tools applied. It is not possible to 
reflect the real lumen power of all the lighting tools 
available in a household because different levels of 
lumen might be combined within a household. However, 
the lower lumen ranges, as specified in section 2.1 in 
Table 1 above, describe the lowest lumen power possible, 
whereas the highest lumen levels represent the highest 
possible lumen regarding the different lighting tools 
used in a household. Lighting hours refer to the sum of 
usage time per day across all lamps in a household.

Table 6: Average consumption of lighting and lumen hours (lmhr) in grid and not yet grid-connected households

Grid-electrified 
households

Not yet grid-electrified 
households Test statistic

Average total lmhr consumed, lower level assumed 44924 4096 t = 8.72***

Average total lmhr consumed, higher level assumed 65288 8785 t = 8.2***

Average lighting hours per day 32.95 23.94 t = 2.01**

***, **, * indicate 1%, 5% and 10% level of significance

Table 7: Daily average study time of children at home after nightfall in grid and not yet grid-connected households

Grid-electrified 
households

Not yet grid-electrified 
households Test statistic

Home-based study time of children (after nightfall)  
[in min] 

46.5 57.9 t = –1.01

***, **, * indicate 1%, 5% and 10% level of significance
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tional level of the household head. Further, the study 
considers the number of household members and 
 members contributing to income as well as the main 
source of household drinking water. Related to a house-
hold´s main building characteristics, the analysis 
respects floor type.

The visual diagnostic on propensity score estimation 
quality (in Figure 2 below) confirms that there is enough 
support to estimate mean treatment effects of grid-
electrification by the specified model.

Furthermore, as presented in Table 9 below, there is 
sufficient performance in covariate balance. Genetic 
matching procedure yields high degrees of covariate 
balance across all outcome variables. The lowest 
maximum absolute standardized mean differences 
(MASMD) is in all cases is less than 0.1. Thus, the 
propensity score estimation method performs adequately, 

Table 8: Model for propensity score estimation

Covariate selection Coefficient

Gender of household head 0.39631

Educational background of  
household head [in yr]

0.11582

Household size –0.12781

No. of household members  
contributing to income

0.52198

Main source of drinking water 2.61968***

Main building´s floor type –0.99278 **

***, **, * indicate 1%, 5% and 10% level of significance
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Figure 2: Distribution of linear propensity scores  

Source: Author

Table 9: Covariate balance of Genetic matching

MASMD

Covariates with 
MASMD  

above 0.25

Daily lighting hours 0.08 0 (0%)

Daily lower lmhr 0.06 0 (0%)

Daily higher lmhr 0.08 0 (0%)

Daily children´s home-based 
study time (after nightfall)

0.08 0 (0%)

Daily TV usage 0.07 0 (0%)

Daily radio usage 0.08 0 (0%)

Daily mobile phone usage 0.06 0 (0%)

Weekly expenditures for 
paraffin /kerosene

0.08 0 (0%)

Weekly consumed amount of
dry-cell batteries

0.08 0 (0%)

Weekly expenditures for  
dry-cell batteries

0.08 0 (0%)

Weekly consumed amount  
of dry-cell batteries

0.08 0 (0%)

Weekly expenditures for 
candles

0.06 0 (0%)

Weekly consumed amount  
of candles

0.08 0 (0%)

Weekly expenditures for 
charcoal

0.08 0 (0%)

Weekly expenditures for 
firewood

0.08 0 (0%)

***, **, * indicate 1%, 5% and 10% level of significance
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conventional significant level. This implies that grid-
electrified households watch almost one hour more TV 
per day than not yet grid-electrified households. The 
estimated treatment effects of grid-electricity on daily 
radio and mobile phone usage (ATT = 13.2 and ATT = 
91.8, respectively) are not significant. 

Regarding the weekly expenditures for and amount of 
energy sources consumed, the output suggests that 
access to grid-electricity has a significant impact on the 
spending on and usage of dry-cell batteries. Grid-
electrified households consume and spend significantly 
less money on dry-cell batteries in a week (ATT = –1.06 
and ATT = –608.9, respectively) than not yet grid 
electrified households. 

No impact of grid-electricity on expenses for charcoal 
or firewood can be detected. Moreover, treatments 
analysis suggests that grid-electrification has no impact 
on households’ weekly consumption and expenditures 

which is why the model can be applied to estimate 
treatment effects.

3.3. Estimation of treatment effects and sensitivity 
analysis

As displayed in Table 10 below, it is evident that access 
to grid-electricity has a significant impact on average 
total lighting and lumen hours of households. Grid-
connected households have significantly higher lighting 
hours (ATT = 18.38) and lmhr per day on average than 
households from off-grid areas (ATT = 42044 and 
ATT = 59583, respectively). 

However, extended lighting hours through grid-
electricity do not have an impact on daily home-based 
study time of children after nightfall. The ATT of -11.9 
is not significant. On the contrary, in terms of watching 
TV, the households differ significantly. After matching, 
the estimated average treatment effect is 59.1 at 

Table 10. Average treatment effects (ATT)

ATT t-statistic
AI

S.E. †

Critical Gamma 
Γ

Lower bound ††
(hidden bias)

Critical Gamma 
Γ

Upper bound ††
(hidden bias)

Daily lighting hours 18.38 3.22*** 5.72 > 3 > 2.0

Daily lower lmhr 42044 6.95*** 6045.4 > 3 > 3

Daily higher lmhr 59583 6.55*** 9090.3 > 3 > 3

Daily children´s home-based study time (after 
nightfall) [in min]

–11.9 –0.79 15.14 1 < 1.4

Daily TV usage [in min] 59.1 1.91** 30.91 > 3 > 1.8

Daily radio usage [in min] 13.2 0.28 47.62 < 1.2 < 1.1

Daily mobile phone usage [in min] 91.8 0.92 99.84 > 1.3 > 3

Weekly expenditures for paraffin/kerosene  
[in Tshs]

–171.6 –1.378 124.4 1 < 1.1

Weekly consumed amount of paraffin/kerosene 
[in ltr]

–0.11 –1.49 0.07 1 < 1.8

Weekly expenditures for dry-cell batteries  
[in Tshs]

–608.9 –1.82* 334.21 > 3 > 3

Weekly consumed amount of dry-cell batteries 
[in Tshs]

–1.06 –1.9* 0.56 > 3 > 3

Weekly expenditures for candles [in Tshs] 54.19 0.21 260.26 1 < 2

Weekly consumed amount of candles [in Tshs] 0.10 0.16 0.64 1 < 2

Weekly expenditures for charcoal [in Tshs] 240 0.83 288.57 > 3 > 3

Weekly expenditures for firewood [in Tshs] 309.3 0.95 324.19 > 1 > 3

***, **, * indicate 1%, 5% and 10% levels of significance
† Standard error based on AI estimator 
†† Wilcoxon Signed Rank p-values based on [42]
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higher access to information and knowledge, which 
could influence their education or income. However, the 
effects of TV usage on education or income depend on 
the content of the TV program but also on the extent to 
which TV watching comes at the expense of (other) 
educational or income generating activities. It has also 
been detected that extended and improved lighting does 
not lead to a significantly higher study time at home of 
children in households with grid-electricity. Home based 
evening study time of children amounts to less than one 
hour per day in both areas. On the other hand, it should 
be noted, that children could also study at schools at 
night, which is not considered in the present analysis. 
The finding on children´s home based study time 
contrasts with findings from Bensch et al. for the rural 
Senegal [46] and for the Rwandan context [20]. They 
were able to identify significantly higher study times or 
times spent on educational activities in electrified 
households.

The relatively low uptake and usage of electric appli-
ances after grid-electrification may reflect household’s 
persistently low power consumption. This is in line with 
findings from [19] and shows that it indeed may take 
some time until comprehensive socio-economic effects 
of rural electrification can be detected. It also may con-
firm that the enhancement of socio-economic condi-
tions has to be addressed by a comprehensive approach, 
e.g. by including complementary infrastructures. 

For example, no water supply systems were in place 
in 2015. Therefore, investments of households in sanitary 
installations or washing machines were not likely. In 
addition, it has been detected that households still 
mainly rely on cooking with firewood. Cooking with 
traditional biomass cookstoves is still and expected to 
remain a widespread phenomenon in Sub-Saharan 
Africa [47]. Consequently, significant improvements to 
health conditions of household members by reducing 
indoor air pollution may remain limited. It also may 
imply that the contribution of electrification to 
environmental protection in terms of reducing land 
degradation, deforestation, and air pollution is restricted. 
On the other hand, the development and introduction of 
new technologies, such as PV-eCook systems, might 
become competitive and revolutionize cooking within 
the next years in Sub-Saharan Africa [48] and thereby 
contribute to health and environmental protection.

Commonly, the lack of electric appliances is associated 
with availability, affordability, reliability, sustainability 
and social acceptability of these technologies. 

for paraffin/kerosene and candles. Sensitivity analysis 
indicates that most of the results are robust and not 
sensitive to hidden bias by the influence of unobserved 
confounders at comparatively high Gamma (Γ) values at 
conventional significant levels. However, findings related 
to daily radio and mobile phone usage as well as on 
households’ weekly consumption and expenditures for 
paraffin and kerosene and candles need to be interpreted 
with caution because inference might change at low 
values of Γ due to their vulnerability to the presence of 
hidden bias.

4. Conclusion and discussion

This case study analyses the impacts of grid-
electrification compared to pre-grid-electrification on 
households in Mufindi, in rural Southern Tanzania. In 
2015, the year of data collection, the grid-connected 
households had access to grid electricity for three years. 
By relying on the Propensity Score Matching (PSM) 
procedure, the undertaken analysis indicates that socio-
economic impacts of grid-electrification on households 
are limited. Overall, three years after grid-electrification, 
acquisition and usage of electric appliances in households 
remained relatively low. In most of the cases, grid-
connected and off-grid but potentially pre-grid-
electrified households do not differ much in terms of 
ownership of electric appliances. The most significant 
effects of grid-electrification can be identified in relation 
to lighting and quality of lighting. Average lighting and 
lumen hours per day are significantly higher in the 
interconnected mini-grid- connected areas than in off-
grid but pre-grid electrified areas. This means that 
access to grid-electricity compared to access to off-grid 
electricity is at the front in terms of enhancing the 
quality of life of households. The positive impact of 
grid-electricity on lighting usage, and thereby on 
households´ quality of life, has also been confirmed by 
other researchers dealing with the Sub-Saharan African 
context: Bensch et al. [20] for the case of Rwanda, 
Bensch et al. [44] and Chaplin et al. [45] for the case of 
Tanzania.

Results show that radios and mobile phones belong to 
the most possessed appliances. Matching results suggest 
that households in grid- and not yet grid-electrified 
villages do not differ much in terms of their daily usage. 
Only in terms of TV, matching analysis establishes a 
significantly higher usage in grid-electrified households. 
This means that these households have potentially 
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more evident than ever: Penetration rates of solar based 
technologies, such as solar lanterns and solar home 
systems, in Sub-Saharan African rural areas accelerated 
in recent years [13]. This has also been observed in 
Mufindi. Solar based energy systems can be appropriate 
means for sustainable rural electrification and 
development. At least, they can help to pre-grid-electrify 
households at low costs and meet social and environmental 
concerns. In this way households can prepare for the 
arrival of the grid and do not start from the scratch in 
terms of access to electricity.

However, gaining access to grid-electricity does not 
automatically imply that households abandon off-grid 
technologies. On the contrary, results indicate that 
households rely on multiple electricity sources. This 
can be beneficial, e.g. to counterbalance the effects of 
power outages, which was confirmed in another study 
on this project [49]. The reliance of households on 
multiple electricity sources after grid-electrification is 
in line with observations by Enslev et al. [50] (p.135 f.) 
for the rural Kenyan context: Grid electricity “reorganises 
and changes the composition of the various energy 
sources already in use”. This reflects the fact that grid-
electricity does not encounter a “vacuum” but rather an 
infrastructure in which certain needs- albeit limited- can 
already be met. 

Evidence from the present study suggests that planners 
should consider the pre-grid-electrification status of off-
grid communities and households to tailor electricity 
requirements accordingly. It has been observed that rural 
households` energy consumption follows a complex and 
dynamic pattern that depends on many factors and does 
not seem to develop linearly to policy interventions such 
as grid expansion. On the contrary, nowadays, many 
households might get access to technologies and 
electricity without the intervention of any deliberate 
policy [7].

Therefore, it is of utmost importance that planners 
take into account available, affordable and rapidly 
changing technologies driving the energy transition. 
These include (decentralized) energy systems but also 
appliances, such as the aforementioned PV eCook 
systems or LED technologies. 

The interconnection of off-grid and grid energy 
systems can be of crucial importance because it allows 
to address households’ electricity requirements in a 
more flexible manner. Moreover, planners should keep 
in mind the possible supportive function of off-grid 

Notwithstanding, it has to be noted that there were some 
few households possessing electric devices (e.g. 
computer or mills) that might spur productive activities 
in the long run. However, while interviewing the 
households, lack of knowledge with regard to the use of 
electricity and electric appliances was also noted. To 
address these constraints, awareness campaigns 
informing the Mufindi population about electricity 
usage (e.g. concerning the usage of electric kettles and 
mills) started in 2016 [33], approximately a year after 
data collection for this study. Impacts of these initiatives 
on the acquisition and usage of new electric appliances 
should be addressed in a future study.

With regard to expenditures on energy sources, 
matching analysis suggests that only the discrepancy in 
terms of spending on dry-cell batteries can be attributed 
grid-electrification. It could indicate that significantly 
more off-grid households are running radios and lighting 
tools on dry-cell batteries. The diffusion of dry-cell 
batteries in rural Sub-Saharan African off-grid areas was 
also noted by Peters et al. [7] and Bensch et al. [35]. The 
lower usage of dry-cell batteries in grid-electrified 
households may suggest that these households are less 
likely to be exposed to health risks and that their 
environment is less burdened by inappropriate disposal 
of batteries. To address these risks in high usage areas, 
Bensch et al. [35] propose to implement monitoring and 
waste management systems and call for immediate 
action to address the inappropriate disposal of dry-cell 
batteries. This may be also recommendable for the 
Mufindi region, in particular for off-grid areas. 

The non-significant difference in terms of weekly 
consumption of and expenses for paraffin and kerosene 
after matching may suggest that these sources are less 
frequently used for lighting purposes, also in off-grid 
areas, which might be attributable to the spread of solar 
based technologies but also to the usage of lighting tools 
that run with dry-cell batteries. For example, Grimm et 
al. [8] and Bensch et al. [44] found out that LED 
technologies are increasingly used by households in 
rural Tanzania. In many cases these technologies 
replaced fuel-run lamps and are nowadays affordable 
even for poor households [44]. Thus, improved efficiency 
and quality in lighting expressed in lumen hours may not 
be necessarily related to higher expenditures.

To sum up, results indicate that an important share of 
rural power consumption may already be met by small-
scale and off-grid energy technologies. Nowadays, it is 
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systems for future interconnections to main grids. The 
ability to meet future higher loads (more flexible) is 
certainly one of the main motivations of policy and 
decision makers to still use grid electrification as the 
main means of electrification. Nevertheless, there is also 
a trend towards off-grid electrification in Tanzania. For 
example, the introduction of the aforementioned SPPA 
framework contributed to the realization of numerous 
off-grid projects since 2008 [18]. 

Based on this study´s findings, there should be more 
research on the dynamics of rural energy consumption 
trends and on how to address barriers of higher-level 
electric appliances adoption, such as recently done by 
[51]. Moreover, upcoming research should also study 
the causal effects of blackouts and outages of 
interconnected systems by also including more 
(intermediary and final) outcome indicators and research 
units such as enterprises and/or (public) institutions.
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