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Abstract 

Most rural Tanzanians have had no access to electricity. But efforts have been made to remedy this, including 
an extension of the national grid and the establishment of independent power plants in rural areas. The result 
is a recordable increase of people with access to electricity; however, the realization of reliable power for 
both consumers and suppliers has remained a puzzle. This paper out to examine the reliability of rural 
electricity systems based on consumer measures; to find out determinants for system reliability; and examine 
how outage incidences exacerbate households’ expenditure on backup fuels. Reliability was assessed through 
a stepwise approach, where a general system reliability index and trend analysis were used. It was found that 
system reliability was enhanced because consumers only spent 6–15 days per year without electricity due to 
outages. These are tolerable outages, given the volatility of the rural system. Further, weather, fire outbreaks 
in bushes, and lightning, significantly determined system reliability. Nonetheless, despite the reasonable 
reliability, some outage incidences had dragged consumers into unplanned expenditure on backup fuel. It is 
recommended that there should be a continuous inspection of the system, and the use of supervisory control 
and data acquisition device on the distribution line for accurate monitoring is imperative. 
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1. Introduction 

The reliability of electricity has emerged as a global 

challenge in modern development, and has 

attracted the attention of development planners, 

utility companies, and consumers (Kojima & Trim-

ble, 2016; Nikzad & Mozafari, 2014). Both poorly 

and highly electrified countries suffer from reliability 

problems (Gertler et al., 2017), though at different 

levels. To reap the full benefits from electricity, its 

reliability must be assured. Indeed, a reliable 

electricity system has to be available mostly to satisfy 

consumers (Marvin & Hoyland, 2004). Additionally, 

Bhatia and Angelou (2015) argue that reliable 

power has to be adequate in quantity, available 

when needed, of good quality, convenient, afford-

able, and meeting health and safety standards.  

Access to reliable electricity is more than being 

connected (Chakravorty et al., 2012), because, in 

the end, consumers do not want just electricity but 

an affordable and reliable supply (URT, 2015). 

Different reliability thresholds exist. In Europe, a 

system interruption not greater than three minutes is 

considered reliable (Campbell, 2012); while in the 

USA it should not exceed five minutes. Eskom in 

South Africa considers interruption of less than one 

minute as reliable for high voltage networks and less 

than five minutes for medium voltage (Chatterton, 

2014). The Australian Energy Market Commission 

(2014) reports thresholds for sustained interruption 

as being two or more minutes, with momentary 

interruptions lasting less than two minutes. 

Kaufmann (2013) and Gertler et al. (2017) 

contended that electricity system reliability is meas-

ured by the system average interruption frequency 

index (SAIFI), based on the average number of 

times per year the supply to a customer is inter-

rupted. Similarly, the system average inter-ruption 

duration index (SAIDI) represents the average 

amount of time (seconds) per year that a power 

supply to a customer is interrupted (Gertler et al., 
2017). The metrics are data-sensitive, as described 

by Chatterton (2014) that they depend on precise 

data from supervisory control and data acquisition 

(SCADA) or the annual validation and auditing of 

the paper operation log. The different electricity 

systems have varying SAIDI and SAIFI values where 

the lowest values indicate high reliability (Kauf-

mann, 2013). This was confirmed by Taneja (2016) 

through values of the electricity system in Nairobi 

which had a SAIFI of 23 and SAIDI of 216.3 hours. 

For these values, it can be viewed as standard 

reliability. However, SAIDI and SAIFI measures are 

criticized for taking into account every outage 

incidence (Shivakumar et al., 2014). 

Electricity systems in countries like the USA had 

SAIDI for eight hours (480 minutes) in 2017, indi-

cating a high degree of reliability (US Energy 

Information Administration, 2018). In Pakistan, 

SAIFI was 232 and SAIDI 8, 149 minutes per year 

(Ali, 2016); in urban areas, the outage was six to 

eight hours while rural areas had ten to twelve, 

which means that reliability in rural areas remains a 

challenge. It is reported that reliability in most of 

Africa lags. For example, in 2014 Nigeria had 32.8 

outage hours per month, while Burundi had 16.6 

hours, the Central Africa Republic 29, and Egypt 

16.3 hours (Energy and Environmental Service, 

2015). Tanzania had load-shedding of up to 20.3 

hours from 2012 to 2016 (Msyani, 2016), this was 

orchestrated by unprecedented long-time droughts. 

For one month (June 2018) Tanzania had an 

unplanned outage of 1 044 hours, with outage fre-

quencies of 1 640 (Energy and Water Regulatory 

Authority, 2018). Reliability is a key question in 

electricity consumption for domestic and productive 

use (Rud, 2012). Reliable power can improve public 

safety (Dinkelman, 2011), education, and health 

services (Savacool, 2014; Ramachandran, Shah, 

and Moss, 2018), increase opportunities for jobs 

(Küfeoğlu, 2015), and reduce dependence on 

unclean energy for backup lighting sources. The 

efforts for rural electrification in Africa have to go 

inter alia with system reliability. For that, Panos et 
al. (2016) reported that, despite poor access to 

electricity (12-18%) in most rural and urban areas of 

sub-Saharan Africa, the question of reliability 

remains a serious concern. Moreover, Keneth et al. 
(2017) also reported survey results for 21 sub-

Saharan countries where capital cities had a power 

connection of more than 75% (except Lilongwe). 

They further reported that less than 20% of the 

connected, especially in Lagos, reported electricity 

systems working most of the time. This unreliability 

could exacerbate expenditure on household backup 

fuels for schooling children, domestic activities, and 

enterprise operations (Abotsi, 2016). As for re-

liability, the questions remain; first, what is the status 

of reliability in rural areas? second, do outage 

incidences hike expenditure on backup fuels?  

According to Scott et al. (2014), in developing 

countries in Africa, on average electricity was cut 6.3 

times with 4.7 hours while South Asia’s outage was 

25 times with 5.3 hours of the typical outage in a 

month (Min et al., 2017). Studies have reported the 

effects of unreliable power on businesses (manu-

facturing and processing firms) than on households 

(Allcott et al., 2016; Fisher-Vanden et al., 2015; 

Abeberese, 2013). In business, Allcott et al. 
concluded that unreliable power affects an enter-

prise's operations. Additionally, Shivakumar et al. 
(2014) claimed that unreliable power had led to self-

backup generation, with 43.6% of firms in sub-

Saharan Africa owning a generator: Senegal with 

the highest proportion (90.7%), followed by Nigeria 

(85.7%), compared to the world proportion at 

31.6%. 
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Access to reliable electricity is significant in a 

rural economy (Muhihi & Lusambo, 2022). 

Tanzania, due to unreliable electricity lost about 

10% of GDP in 2010, with 7 341 people losing jobs 

in six regions (Confederation of Tanzania Industries, 

2011). Due to complex economic and social 

activities, the reliability of electricity is also a major 

concern in urban areas (Mwakapugi et al., 2010). 

However, scrutinizing reliability in rural areas and 

the determining factors carries an important mean-

ing because domestic consumption of energy in 

Tanzania accounts for 75%, while 14% is for 

industry (the United Republic of Tanzania, 2015). 

Unreliable electricity supply does not only affect 

enterprises but also education for night studies, food 

processing, and storage (Herman, 2014). It can lead 

to energy-switching, and extra expenses become 

especially obvious to consumers in rural areas, 

where there is great income inequality (Lusambo, 

2016a). Switching to sources like candles, kerosene, 

and biomass has environmental problems (Lusa-

mbo, 2016b). It increases indoor air pollution, which 

is a serious health hazard (Chen & Modrek, 2018). 

It was reported that in Tanzania 20 353 people died 

due to household air pollution in 2012 (Stiles and 

Murove, 2015).  

In Tanzania, measures to provide reliable power 

became central in the 2000s, with the establishment 

of legal and institutional frameworks such as the 

Rural Energy Agency (REA). In collaboration with 

the Tanzania National Electricity Company (Tanes-

co), REA has facilitated increased rural access to 

electricity from 2% in 2003 to 49% in 2017 (Rural 

Energy Agency, 2017), through the extension of the 

national grid and the establishment of mini-grid 

projects in rural areas. For instance, Odarno et al. 
(2018) reported that about 109 mini-grids are 

located in 21 regions. The mini-grids were esta-

blished to ensure that rural people are relieved from 

time-consuming and health dangerous sources of 

energy. It also aimed at ensuring the reliability of the 

electricity supply. 

The reliability threshold in Tanzania requires 

annual SAIFI to be less than three interruptions per 

customer per year, SAIDI less than 650 minutes per 

customer per year, and a customer interruption 

duration index (CAIDI) of less than four minutes 

(0.01 hours) per customer per interruption event per 

year (Energy and Water Regulatory Authority, 

2018). Despite this threshold and efforts to improve 

supply, rural electricity system reliability is incon-

sistently assessed and reported due to its fragile 

economies (Mensa, 2016; Oseni and Pollit, 2015; 

Abeberese et al., 2017; Moyo, 2012; Arlet, 2017).  

In light of all these factors, this paper assesses the 

reliability of the rural electricity system, discussed the 

factors needed to make it reliable, and examined the 

effects of outages on expenditure for backup fuels in 

the household. 

1.1 The multi-tier framework for electricity 

system reliability 

The multi-tier framework (MTF) was developed in 

2013 by the World Bank in the role of Sustainable 

Energy for All (SE4ALL). It redefines energy access 

to fill the gaps in the global tracking framework 

binary access measurement metrics, such as 

whether a household has access to electricity and 

cooking or non-solid fuel. MTF provides power 

quality descriptions for different tiers of users (Bhatia 

and Angelou, 2015). As shown in Table 1, it offers 

relief in measuring various aspects of power quality. 

The MTF is one of the most recently used 

frameworks in energy studies; for example, Kojima 

and Trimble (2016) used the framework in assessing 

power quality. 

Table 1: Multi-tier framework for electricity system reliability (Bhatia and Angelo, 2015). 

Attribute of access Tier 0 Tier1 Tier2 Tier3 Tier4 Tier5 

Capacity  Capacity (from 3–2+kWh) and ability to power appliances (off-grid) 

Duration of supply NA > 4 hrs > 4 hrs > 8 hrs > 16 hrs > 22 hrs 

Duration-evening  > 2 hrs > 2 hrs > 4 hrs > 4 hrs > 5 hrs 

Reliability     Number of the duration of outages 

No. of disruptions     Max 14/week Max 3/week, duration of 

<2 hours aggregate 

Annual SAIFI & SAIDI     <730 <156 

 <6 240 mins 

Quality NA    Voltage problems do not affect the use of 

desired appliances 

Affordability    Basic service less than 5% of income for 30kWh 

Legality NA    Service provided legally 

Health and safety     Absence of accidents 
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The MTF in this study guided the assessment of 

electricity system reliability, based on important 

metrics and indicators encompassing the following: 

duration of supply has to be between 8 and 22 hours 

for consumers in Tiers 3, 4, and 5; the system must 

provide at least 4-5 hours of evening supply; 

maximum disruptions for unplanned incidents are 

14 and 3 per week for Tier 4 and 5, coupled with 

annual SAIFI less than 730 and 156 respectively. 

2. Methodology 

The study was conducted in Kasulu and Uyui 

districts, which are electrified through the REA and 

Tanesco, and are the first beneficiaries of rural 

energy through mini-grids and grid extension. A 

cross-sectional survey was used, as it fits better in 

multiple variable studies and in studying prevailing 

characteristics in a population (Hemed, 2015). The 

unit of analysis was households connected to 

electricity for at least two years. The sample size was 

374 households (see Table 2), arrived at by using 

Yamane’s (1967) sample size formula (see Equation 

1). The sample was drawn from eight villages that 

were selected as being the first to be electrified in the 

districts. For a fair representation, a proportionate 

stratified sampling technique was used to obtain 

sample representatives from each district and village 

(Equations 2 and 3). Finally, a random number 

table was used to select respondents (heads of 

households) from an updated list of electricity 

customers. 

(a) Taro Yamane’s sample size formula 

     𝑛 =
N

1+𝑁∗(𝑒)2  (1) 

where n = sample size; N = total population of the 

connected households qualifying to participate in 

the study; e = ±0.05 precision; and 1= constant. 

The household population in Uyui district was 

2 585 while Kasulu district had 3 475 households, 

giving a total of 6 060. Therefore, 

      𝑛 =
6 060

1+6060∗(0.05)2 = 374 

The sample size (n) used was 374. 

(b) Proportionate sampling procedures from 

Uyui (U) and Kasulu (K):  

Sample size for U or K

=
Total sample size

 Total population of stratum 
 x Total population U or K 

Sample size for Uyui =
374

 6 060 
 x 2 585 = 160  (2) 

Sample size for Kasulu =
374

 6060 
×  3 475 = 214 (3) 

 

(c) Stratified proportionated sampling for a 

representative sample from the villages and 

sub-station  

The common formula devised was as follows:  

Representative sample (RS) for each village or 

sub-station = Sample for district (SD) divided 

by the Total sample for two districts (TSfD), 

multiplied by the Population of the sub-station 

or village (PoS) [RS=SD/TSfD*PSS] 

 
Table 2: Stratified proportionate sampling. 

District  Village sub-station Qualifying  
households 

Representative sample 

RS=SD/TSfD*PoS 

Sample  
size 

Uyui Isikizya sub-station 91 38 160 

Magiri substation 87 36 

Uyui HQ substation* 84 35 

Ilalwansimba substation 75 31 

 Igoko substation 48 20  

Kasulu Kabanga substation 175 72  

214 Herujuu substation 98 40 

Kidyama substation 106 44 

Nyansha substation 141 58 

 Total sample size  374 

Note: * Is not a village but a substation in Ilalwansimba village  
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Several tools were used to collect data. First, a 

questionnaire was used to gather quantitative data 

on reliability, the income of the household, and 

expenditure on backup fuels. Second, key informant 

interview was applied to three key informants: 

transmission and distribution engineers (TaDE), 

regional and district managers for Tanesco. Third, a 

focus group discussion (FGD) was also applied: four 

gender-sensitive FGDs with eight members as 

suggested by Van Eeuwijk & Angehrn (2017) were 

conducted to collect data on the perception of 

respondents on system reliability. Content validity 

and reliability of data collection tools were ensured 

through pre-testing and pilot testing. Some ques-

tions were rephrased or deleted due to ambiguity 

and redundancy. Nonetheless, internal consistency 

reliability was ensured through Cronbach’s Alpha, 

where 11 items were tested and scored 0.68 to 0.83, 

which are acceptable values (Field, 2009). 

To assess the reliability of electricity, trend 

analysis for annual unplanned power outages in 

Kasulu and Uyui District was conducted by using 

primary data that were auto-recorded and stored in 

the utility system (outage data). The raw data were 

requested from district managers. Furthermore, the 

general electricity system index (GESRI) was devel-

oped from the summed score of eleven items of five-

point Likert scale measures. The response scores 

(values) on each item were summed, then de-

scriptive statistics were conducted to obtain the 

minimum, mean and maximum values considered 

as a decisive index for reliability. Thus, GESRI mean 

score was 30, with minimum 29 and maximum of 

51. Therefore, the index score was 1. Low reliability 

was 0–29; moderate reliability 30; high reliability 

31–51. Although SAIDI and SAIFI are common 

indices for electricity system reliability, they are 

criticised for taking into account all incidences of 

outages, regardless of the time of day, and do not 

reflect the perceptions of customers (Herman et al., 
2014). Thus, typical SAIDI and SAIFI were not used; 

rather system average interruption frequency (SAIF) 

and system average interruption duration were used 

(SAID). The use of and index requires precise data 

collection on distribution and how each individual 

was affected outage on the system.  

Furthermore, the one-way analysis of variance 

(ANOVA) and Tukey honestly significant difference 

post-hoc I-J test of means difference were used to 

analyse the variability of means scores between 

power reliability thresholds. The only assumption 

considered for ANOVA was assuring that the depen-

dent variable is measured on the interval (Field, 

2009); ANOVA is, however, robust to normality 

assumptions. The ordered logistic regression model 

(OLRM) was used to analyse predictors of power 

system reliability based on direct control by the 

utility. The OLRM formula suggested by Hosmer 

and Lemeshow (2000) is given in Equation 4. 

     𝑙𝑜𝑔 𝑙𝑜𝑔 (
𝑝

1−𝑝
)  = 𝛽0 + 𝛽1𝑋1 + ⋯ 𝛽𝑚𝑋𝑚 + 𝜀 (4) 

where 𝑙𝑜𝑔 (
𝑝

1−𝑝
) = the odds (logit) of being in lower 

against higher reliability of electricity; β1… βm are the 

coefficients of independent variables influencing 

reliability of electricity; 𝑋1…… 𝑋𝑚 , is the vector of 

categorical predictor variables (see Table 3); 

β0 is the intercepts that vary from one level of 

power reliability to another; and Ɛ is an error term. 

On the assumptions, the dataset had already passed 

two; the dependant variable was ordered while the 

predictor variables were categorical (Klein and 

Kleinbaum, 2010). To check the multicollinearity, 

the correlation plots for each variable were observed 

and there was no correlation above 0.46 for the 

observed set of variables.  

To capture the effect of outage on domestic 

expenditure on lighting fuels, two procedures were 

followed. First, using a self-reported data on expen-

diture of backup fuel, a descriptive statistic was run 

to gauge the median expenditure on electricity alone 

(after electricity connection). This was followed by 

expenditure on lighting fuel before electricity con-

nection at the household. Then, a median 

aggregated expenditure for backup fuel and elect-

ricity was established. On self-reported expenditure 

of backup fuel, despite the debate about recall bias 

(Bell et al., 2016), this assumed absence and or 

tolerable level of biases. Although Bell et al. (2019: 

341) argue that ‘quantitative data are arguably more 

prone to recall biases given the presumption of their 

specificity and objectivity, as well as humans’ 

difficulty in remembering such specific details with 

precision, but it is always not like that because recall 

depends on the intensity of importance of the fact or 

ideas. However, to minimise the recall bias, res-

pondents were asked to self-report the lowest 

amount they had spent on energy at different times 

this was also supported by Bell et al. (2019) that, in 

case of expenditure, there is no significant difference 

in covariance of variations across the time dif-

ferences in recalling. This implies that expenditure 

on key factors is always remembered with less 

regard of recall time. Second, the independent 

median values were subjected to a paired sample t-

test to depict the statistical difference as median 

differences. While the paired sample t-test is used to 

test the difference of means for a given variable of 

the data set (Field and Hole, 2003), this study had 

novelty approach, independent value of the median 

expenditure was subjected to t-test, purposely to 

attain the value differences than making inferences 

on visually inspected data.  
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3. Results and discussion 

3.1 Trend analysis for electricity system 

reliability 

Using primary data retrieved from auto recorder 

system, a confirmatory trend analysis (Figures 1 and 

2) was carried out on unplanned SAID and SAIF. 

Using auto-recorded data from the Tanesco district 

office, the results showed that the system was 

reliable based on the duration and frequency of 

outages.  

Figure 1 shows that the trend for unplanned 

outage incidences varied in all months. analysis 

shows that unplanned SAID was 154.27 hours (9 

256.2 minutes) while SAIF had 130 incidences. The 

SAID value means that consumers had outages 

equivalent to six days for the year 2018. The 

minutes of the outage are above the standards in 

MTF for consumers in Tier 5, which state outage 

minutes of 6 240 for reliability prevalence. The 

marginal difference in minutes of outages was 

tolerable and suggest that the system was reliable to 

consumers. According to MTF, a reliable system 

should have SAIF incidences less than 730 (Tier 4) 

and 156 (Tier 5). The standard relevance of the 

values shown in Figure 1 and those in MTF indicate 

the reliability of the system in Kasulu district. 

Regarding Uyui district, the finding (Figure 2) 

shows that unplanned SAID was 361 hours (21 660 

minutes), equivalent to 15 days, while the SAIF 

incidences were 260 per year. Thus, consumers in 

Uyui had more dark days than those in Kasulu for 

the year 2018. The disparity could be due to 

difficulties in managing complex national grid faults 

as these can be triggered by out-region factors to 

cause outages. The better reliability in Kasulu was 

due to dependence on modern IPPs operating on 

auto-shift and self-servicing modes. Also, the small 

coverage areas made it simple to manage the 

distribution and transmission systems. Information 

from the key informant and FGD on the common 

time of power outage revealed that they were mostly 

in the evening (up to more than the four hours 

stipulated in the MTF). From this perspective, it is 

valid to infer that evening supply is important in 

areas where electricity is heavily used for domestic 

lighting. The inference is backed by the results from 

the Electricity Supply Monitoring Initiative (ESMI) 

(2017), where Kinondoni and Ilala districts had 

experienced five hours of evening supply. Although 

outage (Figure 1) was noted but an ensured evening 

supply has attracted a reliability conclusion among 

the consumers in the study areas.  

Figure 1: Unplanned SAIF and SAID in Kasulu District, 2018 (Kasulu Tanesco, 2018). 
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Figure 2: Unplanned SAIF and SAID in Uyui District, 2018 (Uyui Tanesco, 2018). 

Table 3: General index of electricity system reliability 

 Stratum statistics Aggregated statistics 

  Uyui District Kasulu District Kasulu and Uyui 

 Mean Frequency Percent Frequency Percent Frequency Percent 

Low reliability 26.642 89 55.6 87 40.7 176 47.1 

Mod. reliability 30.000 8 5.0 8 3.7 16 4.3 

High reliability 37.022 63 39.4 119 55.6 182 48.7 

Total  160 100.0 214 100.0 374 100.0 

Note: Standard deviation for low reliability = 2.688; moderate reliability = 0.000; high reliability = 5.509. 

The results in Figures 1 and 2, when reflected 

against the MTF, indicates that some components of 

reliability were met while the rest were not. 

However, that cannot imply unreliability, given that 

the consumers were less affected. For instance, MTF 

indicates that the maximum disruption is 14 per 

week; looking at the results in the two trend analyses 

the system disruptions were fewer than 14 per week. 

Further, when respondents were asked if the 

electricity system ever caused any accidents related 

to electricity shocks, 10% had had an accident 

(meter defectiveness and shocks on the domestic 

appliance) resulting from system disruptions. This 

minimal presence of accidents cannot qualify the 

system as unreliable. Yet, for domestic consump-

tion, there were no voltage fluctuations, because, 

when asked, 95% of the respondents reported all 

domestic appliances working properly. All of these 

indicate that despite some minor deviation of the 

results from the MTF standards the system is viewed 

as reliable. This reliability inference is based on local 

consumers and MTF criteria; thus, it is different from 

an inference drawn by Sengi and Ntagwirumugara 

(2021) when they found unreliable of electricity in 

Goma, DRC. Their inference was, however, based 

on international standards. 

3.2 General electricity system reliability 

index 

Utility suppliers can hardly reveal the general index 

of system reliability (GESRI), rather using indices 

based on specifiers like SAIFI, CAIDI and SAIDI, 

which do not capture the perception of consumers. 

Therefore, further assessment of electricity reliability 

was conducted using GESRI developed from 

summed scores of 11 Likert-scale items. GESRI was 

based on the following: a score of 1–29 = low 

reliability; 30 = moderate reliability; and 31–51 = 

high reliability (Table 3). 

The result shows Kasulu district having a 55.6% 

score on high reliability while Uyui District had 

39.4%. The high reliability in Kasulu was due to 

dependence on new IPPs which were rarely hit by 

external forces to cause outages. The low reliability 

(but acceptable to consumers) in Uyui was viewed 

as caused by a lack of self-dependence on 

generation. The complex network of the national 

grid had ups and downs, thus, some faults in one 

region or district could necessitate outages in other 

regions connected to the same feeders or 

transmission lines. On aggregate, the electricity 

system had high reliability by 48.7% (mean 

score=37.022) compared to low 47.1% (mean 

score=26.642) and moderate reliability 4.3% 

(mean score=30.00). Consumers were not affected 

by morning and midnight outages. This had led to 

higher ratings in favour of reliability. Although the 

mean score between reliability thresholds (Table 3) 

could be seen as different, yet it has no honest 

statistical proof for precise judgment. To depict any 
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statistical differences between reliability thresholds, 

a One-way ANOVA with a post-hoc test was 

conducted (Table 4). 

The results for one-way ANOVA show that there 

was a statistically significant difference at p < 0.05 

between groups [F (2, 371) =3.981, p < 0.05]. 

Therefore, the Tukey HSD post-hoc I-J test of means 

difference was run to determine which index 

threshold differs and at what statistical level. The 

results show that low reliability (M=26.642, SD 

=2.688), p < 0.05, was significantly different from 

moderate reliability (M=30.0, SD=0.000) at p < 

0.05 and high reliability (M=37.022, SD=5.509), p 
< 0.05. These results indicate that the reliability 

indices are different in terms of means. Therefore, it 

confirms the findings in Table 3 that electricity was 

reliable, and that the percentage score for the high-

reliability index of 48.7% was different from the low 

score of 47.1% given the means consideration on 

post-hoc test. 

3.3 The determinants of electricity system 

reliability 

The reliability of the electricity system is determined 

by multiple factors; it was important to depict them. 

An ordered logistic regression analysis was used. 

The dependent variable was levels(ordinal) of 

system reliability index (1 = Low reliability, 2 = 

Moderate reliability, and 3 = High reliability). The 

results of the analysis are presented in Table 5.

Table 4: One-way ANOVA for reliability thresholds. 

One-way ANOVA Sum of squares Df Mean square F P-value 

Between groups 86.828 2 43.414 3.981 .0001 

Within groups 261.709 371 0.705   

Total 348.537 373    

Tukey HSD post hoc I-J test of mean difference. 

(I) Reliability index Mean SD (J) Reliability 
index 

Mean difference (I-J) Std error 

Low  26.642 2.688 Moderate  -3.35795
*
 1.11447** 

High  -10.37993
*
 .45121** 

Moderate 30 0.000 Low  3.35795
*
 1.11447** 

High  -7.02198
*
 1.11294** 

High 37.022 5.509 Low 10.37993
*
 .45121** 

Moderate 7.02198
*
 1.11294** 

Note: **The mean difference is significant at the 0.05 level. For one-way ANOVA, the Levene's test (null hypothesis) of 

homogeneity of variance was significant at p < 0.05; this means that the null hypothesis is rejected and that there is a 

difference between the variance in the respective population. However, analysis was carried to proceed because the 

sample was large enough to contain any difference (Pallant, 2005). 

Table 5: Ordered logistic regression for determinants of reliability. 

Predictors Estimate Std error Wald X2 Df p-value 

Pole decay -0.909 0.272 11.184 1 0.001 

Weather 0.989 0.274 15.112 1 0.000 

Fire -1.970 0.355 30.750 1 0.000 

Vegetation contact -0.775 0.337 5.276 1 0.022 

Transmission breakdown 0.610 0.407 2.245 1 0.134 

Lightning 4.048 1.370 8.728 1 0.003 

Accidents on pole -0.904 1.272 0.505 1 0.477 

Note: Model fit summary: Null model, 2LL = 294.131; Final model, 2LL=180.297(Chi-square, 113.204, p < 0.01). 

Model goodness-of-fit: Pearson’s Chi-square= 244.648, Deviance 148.246 (p > 0.05); Pseudo R-square, Cox and 
Snell= 0.541, Nagelkerke=0.621, McFadden= 0.518. 

 

 



60    Journal of Energy in Southern Africa • Vol 33 No 2 • May 2022 

Table 6: Median monthly expenditure on lighting fuels in the household (in Tanzanian shillings). 

District and on aggregate Monthly 
Expenditure on 

electricity 

Expenditure on 
lighting power 

connection 

Monthly 
expenditure on 

backup fuels 

Current total expenditure  
for lighting including  

backup 

Uyui district 9 325.00 12 000.00 1 450.00 11 150.00 

Kasulu district 10 000.00 10 500.00 800.00 10 800.00 

Kasulu and Uyui districts 

(aggregate) 

10 000.00 12 000.00 1 100.00 10 850.00 

 

The full model (2LL = 294.131) shows a 

significant improvement of the baseline intercept 

model against the model with predictors (2LL = 

180.297) and it gave a better prediction of 51.8% 

(McFadden Pseudo R-square,) of all the deter-

minants. The statistically significant predictors were 

weather and fire (p < 0.01). The results implied that 

bad weather which is associated with heavy rain and 

wind increases the probability of affecting electricity 

system reliability by 0.9. This was confirmed by the 

FGD: 

Electricity system in most cases is affected by 

weather coupled with heavy and long periods of 

rain and winds, it breaks down power infra-

structures including poles supporting trans-

formers.  

This statement means that the electrical system 

infrastructure in Kasulu and Uyui is vulnerable to 

adverse weather shocks and that it has caused a 

nightmare for customers. Bad weather spurs a 

crackdown on power infrastructure and affects 

supplies, for example, Eskom in South Africa has 

shade out 6 000 MW from the national grid due to 

weather (Conversation, 2020). Although fire indi-

cates a strong predicting power (p < 0.01), its effect 

was not adverse in the study area. This is because 

the transmission and distribution networks did not 

cut across the fire-prone environment, rather the 

settlement areas where fire could erupt. However, 

information from the transmission and distribution 

engineers (key informants) validated that bush fires 

resulting from farm preparations spread and des-

troyed transmission cables and poles, leading to 

unplanned outages. The lightning predictor was 

significant (p < 0.01). This could be a common 

phenomenon, because the study areas are prone to 

lightning, so the scale of effects on the electricity 

system escalated despite overhead earth wires and 

lightning arresters. Statistics indicated that high 

lightning intensity had set on fire eight transformers 

in 2017 (Uyui) while Kasulu had five in 2016. This 

has reciprocating effects, especially on the assoc-

iated costs of replacing the damaged apparatus. In a 

similar strain, to minimize risks, electricity was cut off 

by utility suppliers while – and sometimes before – it 

thundered. This was revealed through FGD 

consensus that TANESCO usually cut off power 

supply especially when it rains with heavy lightning 

and thunder  
The statement signifies that the system is 

vulnerable to lightning, which causes loose 

connections, transformer failure, and high-tension 

cable breaks down; it also causes disarray in the 

household due to meter defectiveness. The effect of 

lightning is confirmed by Edson Electric Institute 

(2019) that in the USA it caused 70% of all outages, 

leading to economic loss in enterprises and domestic 

harmony. On the same theme, Minnar et al. (2012) 

reported outages being caused by lightning, fire, 

pollution, bird streamers, and windstorms in most 

parts of South Africa, especially in rural areas. 

Likewise, the decay of electricity poles was a 

significant predictor of reliability (p < 0.01), due to 

termites which caused clutters in Kasulu and Uyui. It 

was explained by the key informants that in Kasulu 

175 poles were replaced in 2017. This phenomenon 

causes planned and unplanned outages, and affects 

the utility supplier through the cost incurred to 

replace the poles. These findings are different from 

what Schoeman and Saunders (2018) say about 

South Africa; they reported that cable theft and 

aging infrastructures were major causes of inter-

ruptions there. Reliability determinants differ due to 

various reasons including geographical locations 

and system stability.  

3.4 Effects of outage incidences on 

household expenditure for backup fuel 

Despite the electricity system being reliable, several 

incidents of outages were reported. These could 

necessitate unplanned expenditure on backup fuels 

for household sustenance. The effects of outage 

incidences on backup expenditures were examined 

respectively of outage scenarios versus expenses 

before electricity connection (Table 6). Analysis was 

limited to lighting fuels and not appliances because 

the reality could be compromised given that some 

fuel could require no apparatus. Nevertheless, some 

apparatuses could only be bought once, something 

which could trouble the reliability of the results if 

included in the analyses.  

The results on expenditure were estimated using 

the median. The expenditure differed. For Kasulu, 
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the median expenditure was TZS 10000 while it was 

TZS 9325 for Uyui. On an aggregate sample, the 

expenditure was TZS 10000. All expenses were 

based on the reference month. The marginal 

differences in districts could be due to Uyui having 

more outages, leading to expenditure on backup 

fuels. This study argues that expenditure on sources 

like candles, torches, kerosene, and petrol before 

electricity connection was higher (TZS 12000) than 

electricity (TZS 10000). Rural Energy Agency 

(2017) reported electricity as the most expensive 

fuel for lighting in Kasulu at TZS 13 183 while Uyui 

was 12590. The decline in the expenditure on 

electricity (TZS 10000) might be orchestrated by the 

shift in tariffs by consumers. The current results 

reveal electricity is the least expensive, yet it 

provides high utility through efficient light for 

comfortability in performing some domestic activ-

ities like cooking and night studies for children. It 

limits consumers in ICT adoption and general 

income poverty alleviation when it is unreliable 

(Muhihi and Lusambo, 2021). 

Moreover, outages have led to extra unforeseen 

expenditure on backups: Uyui – TZS 1 450 and 

Kasulu – TZS 800 while TZS 1100 was the aggregate 

figure. The disparity on backup expenditure can be 

attributed to levels of reliability between the two 

districts (Figures 1 and 2). It was also highlighted in 

the FGD that the disparity could be linked to 

household size, nature and price of backup fuels 

(kerosene, mobile solar lamps, private generators 

and candles). The current results are lined with those 

of Ebitoye (2013), who explained several factors like 

the number of devices used at the household, hours 

used per day, and consumption capacity. Although 

these results are limited to lighting fuel, due to 

outage, one could also embark on biomass fuel in 

response (Massuque et al., 2021). The results in 

Table 6 portray marginal apparent differences, but 

to better depict statistical differences a paired 

samples t-test was performed after checking the 

respective assumption (normality). The paired stat-

istics showed the varying means score on lighting 

expenses before electrification TZS 13 829.95 (SD 

= 9 633.388), current expenditure on electricity fuel 

TZS, 11 660.96 (SD = 6 187.468), expenditure on 

electricity plus backup TZS 13 230.05 (SD = 6 
804.329). The results for paired differences of the t-

test are presented in Table 7. 

The results indicate that the domestic expend-

iture on lighting fuels before electricity connection 

and after electricity connection had a statistically 

significant difference (p < 0. 05), with a 6% 

magnitude of the effect size calculated by using 

Cohen’s eta square formula. Also, a statistically 

significant difference existed between expenditure 

on electricity plus backup fuels combined and 

expenditure on electricity alone (p < 0.05), with a 

54% magnitude of effect indicating that the large 

effect was due to expenditure on electricity and 

backup expenditure. Expenditure on electricity plus 

backup fuels combined had no statistically signif-

icant difference to expenditure on lighting fuels 

before electricity connection (p > 0.05). The result 

indicates that expenditure on lighting through elec-

tricity was cheaper among respondents, but outages 

and the tertium quid had dragged respondents for 

expenses on backup fuels. It is therefore concluded 

that outages cause out-of-pocket expenditure on 

backup fuel as a response. Expenditure on electricity 

combined with backup fuel is similar to expenditure 

incurred on lighting fuels before electricity con-

nection. It is important to note that electricity is 

efficient and can provide perceptible benefits for 

other uses, such as the extension of business hours 

for small shops on home premises. 

4. Conclusion 

The prognostic results show that the rural electricity 

system was reliable on index and trend analyses. 

Although incidences of outage had occurred, still it 

was reported by consumers as being within the toler-

Table 7: Paired samples t-test on household lighting expenditure. 

 *MDoMV SD SEM T Df Eta value  

Lighting expenditure before 

electricity connection vs after 

electricity 

 

2168.984 

 

8482.057 

 

438.597** 

 

4.945 

 

373 

 

6 

Current electricity and 

backup expenditure vs 

expenditure of electricity 

 

1604.178 

 

1480.135 

 

76.845** 

 

20.876 

 

373 

 

54 

Current electricity and 

backup expenditure vs 

lighting expenditure before 

 

-574.259 

 

8205.862 

 

426.027 

 

-1.348 

 

373 

 

Notes: ** Significant at p < 0.05, *MDoMV (mean difference of the median value).  

Eta value is only calculated for significant values 



62    Journal of Energy in Southern Africa • Vol 33 No 2 • May 2022 

 

 

able and absorbable range that can be relied upon 

in drawing reliability prevalence inferences. Con-

sumers had spent between six and fifteen days 

without electricity due to outages for the reference 

year. With all the volatility assumptions of the rural 

electricity system. That trend is a visible fact that 

there is evidence of reliable electricity supply in the 

study areas. Being reliable indicates that the elec-

tricity system was available and fully functioning 

most of the time consumers wanted to used it. 

On the determinants of system reliability, it was 

found that lightning, weather, fire outbreak in 

bushes and vegetation cover significantly affect 

system reliability in rural areas. Lightning was found 

to damage distribution line devices such as 

transformers. Similarly, termites were also reported 

by transmission engineers as a key determinant of 

electricity system reliability in rural areas, with about 

175 electricity poles destroyed, leading to system 

instability and prolonged outages.  

The study found that, despite prevailing system 

reliability, some outage incidences had occurred. 

These tangibly affected expenditure on backup fuel 

in the household. This was evidenced by the fact 

that electricity is a cheaper domestic lighting fuel 

compared to other sources of energy. However, the 

difference between the expenditure on electricity 

combined with backup fuels and the expenditure of 

electricity alone, reveals the difference caused by 

outages.  

It should be noted that, to ensure system relia-

bility, the energy utility and Rural Energy Agency 

should use metal and concrete poles, especially in 

areas prone to termites and fire. Further, there 

should be a continuous inspection of the system, 

making use of a supervisory control and data 

acquisition device on distribution lines to ease 

reliable data acquisition for reliability estimations. 

Further, standby transformers in the inventory 

should be established to save time on logistics after 

outage incidences resulting from damage of the 

device.  
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