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Abstract—Rwanda has made significant strides towards achiev-
ing universal electricity access recently. This paper examines
consumption trends and patterns among households connected
to the grid from 2013 to 2019, leveraging a unique dataset of
prepaid electricity purchases provided by the national utility.
Our analysis seeks to answer two pivotal questions: One, how
have electricity consumption patterns evolved among customers
over time? Two, how has household consumption responded
to changes in the tariff structure? Employing an innovative
approach, we transformed sporadic prepaid electricity purchases
into an equivalent monthly consumption cadence to enhance the
analytical process. The data shows that recently connected cus-
tomers, more likely to be rural, exhibit lower consumption levels
compared to older customers, more likely to be urban. This study
illuminates the disparities in consumption patterns between rural
and urban customers. Additionally, tariff reductions targeting
the lowest consumption tier led to a decrease in total electricity
expenditure, suggesting the presence of competing financial obli-
gations within household budgets. Notably, the potential impact
of efficiency improvements in lighting and smartphone usage
remains unexplored and warrants further investigation. This
research highlights to policy makers the intricate relationship
between affordability, consumption habits, and utility strategies
in the context of increasing electricity access.

Index Terms—Rwanda; tariffs; consumption; growth; rural

I. INTRODUCTION

Rwanda, a country with a GDP per capita of 999 USD
as of 2024 (World Bank, 2020), has made significant strides
in connecting its population to the grid, soaring from a mere
10% (World Bank, 2020) in 2011 to an impressive 50% (NISR
Census, 2023) by 2023. Over the span of 12 years, Rwanda
succeeded in connecting over 1 million customers, constituting
34% of all households in the country according to the most
recent census (NISR Census, 2023) . Such an achievement
is remarkable, particularly when compared to countries with
similar income levels. Throughout the 2010s, Rwanda experi-
enced a staggering 380% relative increase in electricity access,
ranking among the highest globally, surpassed only by Guinea-
Bissau and Liberia, which have significantly lower access
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rates at 33.3% and 27.5%, respectively (GCDL, 2020). This
progress can be attributed to the government’s unwavering
commitment to universal electrification (IDA, 2018).

In the global south, few countries have attained such rapid
electrification, especially at Rwanda’s GDP levels. Nonethe-
less, such remarkable progress does not come without its chal-
lenges. As electricity is introduced to millions of households
as a new energy source, it becomes crucial to understand
how households adopt it and how its pricing through tariffs
influences their usage. Many of these households are situated
in rural and remote areas, owing to underdeveloped trans-
portation infrastructure (USAID, 2024). Understanding their
consumption patterns, particularly in light of evolving tech-
nologies such as more efficient lighting like LED bulbs and
communication devices like smartphones, remains a significant
challenge.

Kenya is another country that experienced rapid electrifi-
cation progress. Between 2010 and 2015, approximately 1.7
million (KPLC, 2015) new connections were made in the
country, representing about 20% of Kenya’s households by
2015 (Statista). A recent study indicated that those connecting
to the grid in Kenya during this period exhibited progressively
lower consumption levels and reached consumption peaks
sooner than their counterparts who received grid connections
earlier (Fobi et al., 2018). Low consumption among newer
and particularly rural customers in Sub-Saharan Africa is also
observed in several studies (Bensch et al., 2011; Boubakar
et al., 2022; Lenz et al., 2017; Okoboi and Mawejje, 2016;
Peters and Sievert, 2016; Taneja, 2018)

Increased consumption would enhance the financial sus-
tainability of electricity utilities, as low consumption leads
to lower revenues per customer (Taneja, 2018). Aware of
this reality, utilities often implement tariff reforms aimed at
boosting consumption levels to stimulate demand. However,
a review of electricity tariff reforms in Africa suggests that
the implementation of increasing block tariffs and lifeline
tariffs tends to be poorly targeted, subsidizing the consumption
of wealthier households at the expense of poorer ones and
potentially reducing demand in the residential sector (Klug

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4829101

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



et al., 2022).
This study conducted a collaborative analysis with Rwanda

Energy Group (REG), the principal electricity utility in
Rwanda, to investigate the consumption patterns of households
progressively connected to the grid from 2013 to 2019. En-
compassing a vast sample of over 800,000 customers out of an
estimated 1.323 million, and scrutinizing 361 million transac-
tions over this period, we introduce an innovative methodology
to transform prepaid transactions into monthly consumption
metrics. Leveraging a novel, proprietary nationwide dataset of
electricity consumers, our analysis offers empirical insights
into the evolving demand patterns of customers on the grid. It
delves into disparities in consumption among newly electrified
households, juxtaposes urban versus rural areas, and examines
customer responses to fluctuations in tariff structures.

By addressing these questions, this study unveils the evolu-
tion of customer consumption in the context of rapid electri-
fication and low-income levels.

II. RWANDA ENERGY GROUP UTILITY DATA

Rwanda’s electrification endeavors are spearheaded by the
Rwanda Energy Group also known as REG, established in
2014 (REG, 2024). REG operates through two subsidiaries:
the Energy Utility Corporation Limited (EUCL) and the En-
ergy Development Corporation Limited (EDCL). While EDCL
focuses on the development of new energy generation and
transmission infrastructure, EUCL is responsible for utility ser-
vices and retailing electricity to end-users. This organizational
division between EUCL and EDCL is designed to optimize
project execution and cost-effectiveness, with EDCL primarily
concentrating on development initiatives while EUCL handles
grid maintenance and operation (REG, 2020).

The transaction dataset acquired from the Rwanda Energy
Group offers a comprehensive perspective on the electricity
consumption patterns of grid-connected customers over a
seven-year period. This dataset comprises 361,029,383 prepaid
historical electricity transactions/purchases made by 811,541
customers between October 2012 and April 2020. Each trans-
action is timestamped and associated with the corresponding
customer and meter IDs, as well as the date the customer was
connected to the grid. It’s essential to note that this dataset
does not encompass the entire population of grid-connected
customers in Rwanda as of 2020. According to reports from
the Ministry of Infrastructure, as of June 2020, Rwanda had a
total of 1,092,081 customers (MININFRA, 2024).

The Ministry of Infrastructure issues annual reports show-
casing the new electricity connections made within each fiscal
year. We have aligned our transaction data with the fiscal year
format used by the ministry which typically begins in July
and ends in June of the subsequent year. Figure 1 illustrates
that the official count of new connections closely matches
the number from our dataset from 2006 to 2015. However,
after 2015, a discrepancy emerges between the number of new
connections in our transaction dataset and the numbers from
official reports.

Fig. 1: Comparing Annual New Electricity Connections by
REG: Analysis from Our Transactions Dataset vs. Official
Reports

Figure 2 displays the grid access by district in Rwanda.
To provide context regarding the spatial constraints of our
transaction dataset, we utilize data from the 2022 Rwanda
census (NISR Census, 2023), which outlines the number of
households and electricity access rates in each district of
the country1. We separately calculate access rates using our
transactions data as indicated in Equation 1. We use the
total customer count extracted from our transactions dataset
alongside the total household numbers derived from the 2022
census. A comparison between census-reported access rates
and those derived from our transaction dataset reveals close
alignment in many districts, with notable discrepancies in
others. For instance, the census reports an access rate of 88%
in the capital city, Kigali, compared to 62% in our transaction
dataset. It’s worth noting that our transaction dataset concludes
in mid-2020, whereas the census was conducted at the end
of 2022. Hence, disparities are expected, as our dataset does
not encompass new connections made in 2021 and 2022.
Additionally, our transaction dataset contains data from only
15 of the 30 districts comprising Rwanda, as depicted in Figure
2, where districts lacking transaction data are shaded in gray.
Comparing the total number of customers in our dataset with
official reports, we note a discrepancy of 289,540 customers.
We postulate that many of these missing customers reside in
the grayed-out districts lacking transaction data.

Access Rate =
Customers in District

Total Households in District
(1)

1We consolidate the three districts comprising the capital, Kigali, into a
single district. This aggregation is to maintain consistency with our transac-
tions dataset, where all districts forming the capital Kigali are merged into
one. We maintain this format to facilitate a direct comparison with the 2022
census results.
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Fig. 2: Comparing Grid Access Rates in Rwanda: Analysis
from Our Transaction Dataset versus 2022 Census Reports

Our transaction dataset also provides information on the
quantity of electricity purchased and the corresponding tariff
for the purchased units for each customer. Our analysis focuses
solely on evaluating electricity consumption (measured in
kWh) and the per kWh tariff, without considering associated
taxes such as Value Added Tax (VAT).

Throughout the dataset period, there were occasional revi-
sions in how customers were categorized as residential or non-
residential. For this study, we adhere to the final categorization
as of 2020. Based on this categorization, 88% of customers
are classified as residential, with the remaining 12% catego-
rized as non-residential. Non-residential entities include small
commercial establishments, telecommunication installations,
hotels, and health facilities. Large industrial customers are not
included in the dataset.

This section highlights the temporal and spatial limitations
of our dataset while acknowledging its coverage of the con-
sumption patterns of the majority of customers connected to
the national grid by 2020. In the following section, we delve
into how we leverage this extensive dataset to gain fresh
insights into the consumption patterns of Rwandan customers.

III. METHODOLOGY

A. From pre-paid purchases to monthly consumption

Prepaid meters have emerged as the predominant method for
managing electricity consumption across sub-Saharan Africa
(Jack and Smith, 2020). Facilitated by prepaid meters, pre-
paid transactions entail a payment method where customers
purchase credit or units of service in advance, which are then
gradually depleted as they utilize the service. This system
is particularly favored in regions with unreliable or irregular
service provision, as it mitigates the risk of non-payment and
enables utilities to manage demand more effectively. However,

one drawback of the prepayment system is its divergence
from the postpaid system, where customers typically make
payments at regular intervals, often at the end of each month.
Prepaid customers exhibit less regular purchase patterns, as
depicted in Figure 3, showcasing the dispersed nature of the
total number of purchases customers make on an annual basis.
For example in 2016, customers made a varying number of
prepaid purchases, ranging from a single purchase to as many
as 130 purchases. To provide context, making 130 purchases
would equate to purchasing electricity approximately every
three days.

Fig. 3: Distribution showing the total number of prepaid
electricity purchases customers made as computed from trans-
actions dataset.

To ensure a consistent comparison of consumption patterns
over time, we employ a pre-processing strategy similar to
(Jack and Smith, 2020). This involves distributing customer
consumption using transaction dates to construct average daily
kWh consumption, assuming a constant rate of consumption
per day between transactions. Unlike (Jack and Smith, 2020),
we utilize the median purchase frequency for each customer
in scenarios where customers have excessively long periods
without purchases.

Our process unfolds as follows: for any two sequentially
occurring purchase periods, if the time delta between the two
periods was less than the median purchase frequency, the
consumption was spread evenly between both periods on a
daily basis. If the time delta between the two periods exceeded
the median purchase frequency, the purchased units were
spread over the median purchase frequency of the customer to
prevent instances of very low consumption. Subsequently, the
daily consumption is aggregated to monthly consumption. This
process assumes that customers do not accumulate electricity
credit on their meter. The transformation process effectively
converts stochastic electricity purchases to monthly electricity
consumption, facilitating further analysis. Importantly, the
transformation preserves the customer consumption trends, as
evidenced by Figure 4.
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Fig. 4: Illustrative consumption history for a single customer
selected at random. The blue dots show the customer’s prepaid
purchases, note that these are not at regular intervals and
sometimes several purchases could be made within a month.
The red triangles show the same customer’s consumption
aggregated for each month

B. Tariff Analysis for Residential Customers

Rwanda has undergone a series of tariff adjustments over the
past decade. Figure 5 illustrates the electricity tariff structures
for residential customers in Rwanda from 2006 to 2018. Prior
to 2012, electricity tariffs were deemed below the cost of
service, prompting the Rwanda Utilities Regulatory Authority
(RURA), the agency tasked with regulating the energy sector,
to approve a 20% increase in residential tariffs from 112 rfw to
134 rfw (RURA, 2018). Subsequently, residential tariffs saw
a further 35% increase to 182 rfw in 2015, with authorities
attributing this rise to increased generation costs stemming
from continued reliance on thermal energy (The NewTimes,
2015a). Two years later, in 2017, a block tariff structure
was introduced, entailing increased tariffs for high consumers
while implementing ”lifeline” tariffs for the lowest consumers.
Given that most new connections are low consumers, the block
structure aimed to enhance their affordability of electricity
(IDA, 2018; The NewTimes, 2015b).

In our examination of tariffs and revenue, we concentrate
on three consumption classes: low, medium, and high. These
classes align with RURA’s tariff block criteria established in
2018 (IDA, 2018). Equation (2) outlines the class definitions
based on the average monthly electricity consumption ȳi by
customer i over a 12-month period preceding the tariff change.
Table I offers an overview of the distribution of customers into
the three consumption classes for the tariff periods in 2015 and
20172. We have restricted our analysis to customers where the
majority of monthly consumption falls within the same class,
enabling us to focus on customers with stable consumption

2For the purposes of this study, a tariff period is considered the one year
period preceding and proceeding a tariff change.

Fig. 5: Rwanda residential tariff structure from 2006-2018

TABLE I: Customer count by class considering only customers
with consumption data a year prior to and a year after each
of the tariff changes.

2015 Tariff Period 2017 Tariff Period
Low Medium High Low Medium High

All 133,735 92,304 37,708 170,209 94,708 34,806
Stable Consumption 99,512 28,329 16,473 124,701 30,719 16,666

within our specified time frame.

c =


Low, if ȳi <= 15 kWh.
Medium, if 15 < ȳi <= 50 kWh
High, if ȳi > 50 kWh

(2)

Stable consumption customers are defined as those with at
least 80% of their monthly consumption falling within the
same class in a 12-month period preceding the tariff change.
This criterion ensures that our analysis considers customers
with relatively stable consumption patterns, enabling a better
understanding of the effects of tariff changes on stable con-
sumption behaviors. Additionally, we only include customers
who have been connected to the grid for more than a year,
as they are considered ”mature” consumers with a stable level
of electricity consumption, as per (Fobi et al., 2018). This
eliminates the impact of variability in consumption patterns
exhibited by newly connected customers.

C. Temporal Segmentation

In order to gain insights into the evolution of residential
electricity demand over time, we employ a data reshaping
methodology akin to the one eudclidated in (Fobi et al., 2018).
This method leverages the duration of each customer’s grid
connection to explore the typical alterations in electricity con-
sumption patterns as the duration of grid connection increases.
By employing this data reshaping technique, our objective is to
furnish a more comprehensive understanding of the underlying
dynamics governing residential electricity demand as it evolves
over time.
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IV. RESULTS

A. Consumption patterns of Residential vs Non residential
customers

In this section, we offer an in-depth analysis of the con-
sumption behavior exhibited by both residential and non-
residential customers within our dataset, irrespective of their
grid connection date.

Between 2013 and 2019, the nation-wide electricity con-
sumption showed an average annual growth of 4.6%. The non-
residential sector experienced a 6.3% growth, while the resi-
dential sector recorded a more modest 3% growth. However,
this growth falls below the target set by REG of 15%, essential
for avoiding excess costs of generation and the subsequent
necessity for government subsidies (REG, 2020).

It’s crucial to acknowledge that our study excludes elec-
tricity consumption data from large-scale industries, which
could significantly impact the aggregate electricity consump-
tion growth.

Despite the growth in nation-wide annual consumption,
Figure 6 illustrates a consistent decline in average monthly
electricity consumption for both residential and non-residential
customers. In January 2013, the average residential customer
consumed about 45 kWh, while the average non-residential
customer consumed about 170 kWh of electricity. By Decem-
ber 2019, the average residential customer’s consumption had
decreased by more than half to about 22 kWh, and the average
non-residential customer’s consumption had reduced by about
20% to 135 kWh. This highlights that fact that more lower
consuming customers are getting connected to the grid.

Thanks to the prepaid nature of transactions, we can delve
into the frequency with which customers make purchases.
Our dataset provides insights into the time intervals between
purchases and the quantity of electricity acquired in each trans-
action. In Kigali, residential and non-residential customers
typically make purchases every 16 and 13 days on average,
respectively. The average purchase amount for residential
customers stands at 13 kWh, while non-residential customers
acquire an average of 47 kWh per transaction.

Conversely, customers outside Kigali exhibit a distinct trend.
Here, residential customers typically make purchases every
37 days on average, while non-residential customers do so
every 20 days. Additionally, the average amount of electricity
acquired per transaction is 7.2 kWh for residential customers
and 21.2 kWh for non-residential customers.

Our dataset reveals that urban residential customers pur-
chase electricity units for their accounts with a frequency 60%
lower than their rural counterparts, and they consume 50%
more electricity with each purchase. This combination shows
that, on average, a residential customer outside Kigali con-
sumes 71 kWh annually, compared to the 297 kWh consumed
by an average residential customer in Kigali.

According to a USAID Power Africa Market Assessment
report, rural electricity consumption in 2019 was 9.9 kWh per
month, contrasting with 29.2 kWh per month in urban areas
(USAID, 2019). These findings echo our observations from

the transaction dataset, highlighting the significant disparity
in electricity consumption between urban and rural areas in
the country.

The GDP per capita in Kigali in 2017 was estimated at
2,865 USD, compared with 512 USD for non-Kigali districts
(odi, 2020). When juxtaposing the GDP per capita figures
in Kigali and outside Kigali with electricity consumption
patterns, striking parallels emerge. The electricity consumption
of Kigali residents is approximately four times higher than that
of residents outside Kigali, mirroring the disparity in GDP per
capita, where the GDP per capita in Kigali is about five times
higher than that of residents outside of Kigali.

These pronounced correlations between GDP per capita and
electricity consumption provide insights into how affordability
significantly limits rural residents’ access to and utilization of
electricity as an energy source.

B. Consumption growth with time in Rwanda

As elucidated in Section II, the number of new customer
connections in our transaction dataset is notably lower between
2016 and 2020 than the counts reported by official government
sources. This disparity raises the possibility of bias within our
dataset, wherein customers may be skewed towards wealthier
or poorer segments of the country. This caveat serves as an
important lens through which to interpret our findings in this
section.

Our initial observation reveals that newly connected cus-
tomers tend to stabilize at lower levels of consumption over
time. Specifically, customers connected in 2019 and 2018
exhibit the lowest median consumption compared to older
customers, as depicted in Figure 7. This discrepancy is more
pronounced for residential customers than for non-residential
ones. We observe two distinct clusters among residential cus-
tomers, with consumption levels in the years 2017, 2018, and
2019 falling into the lower tier, while earlier years fall into the
higher tier. Noticeably, residential consumption progressively
decreases after each year except for customers connected in
2016. The anomalous nature of our 2016 data may stem from
the divergence between new customer counts in our dataset
and official government reports, creating a potentially biased
sample set. However, without additional household data, we
cannot confirm this hypothesis.

These consumption patterns align with similar observations
made by (Fobi et al., 2018) and (Muhwezi et al., 2021) among
Kenya’s grid-connected residential and small commercial elec-
tricity consumers. However, consumption levels in Rwanda
tend to be considerably lower. For instance, the median
residential customer electrified in 2013 in Kenya plateaued
at around 30 kWh/month, whereas the median residential
Rwandan customer electrified in the same year plateaued at
around 10 kWh/month. Although the absolute difference is
only 20 kWh/month, the implications for energy providers
vary significantly, as these customer groups may necessitate
different electrification approaches.

Our second observation indicates that median electricity
consumption among all cohorts remains relatively stable or
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(a) Residential customers (b) Non-Residential customers

Fig. 6: Shows average monthly electricity consumption for REG’s electricity customers.

(a) Residential customers (b) Non-Residential customers

Fig. 7: Shows median monthly electricity consumption for REG’s electricity customers segmented by year in which they got
connected to the grid.

may even slightly decrease as consumers ”mature” on the
grid. This suggests that the nationwide growth in aggregated
demand is not driven by existing customers increasing their
electricity consumption but rather by the addition of new
customers to the electricity grid. This underscores the notion
that the Rwandan utility is catering to an expanding customer
base whose consumption remains either static or undergoes
minimal reduction. Such insight is invaluable for the utility in
accurately identifying sources of consumption growth and esti-
mating such growth for demand forecasting and infrastructure
planning purposes.

C. Implications of Tariff Changes on Utility Revenues and
Residential Consumption

Having seen how a typical REG customer’s electricity
demand evolves as a function of time spent on the grid,
this section seeks to understand how demand evolves after
residential tariff changes (in 2015 and 2017) and by extension
how revenues remitted to the utility in the short term changed.
To do this, we present the average monthly consumption per
customer and the average monthly residential revenue per
customer collected by REG after segmenting customers based
on low-medium-high categories described in the methodology
section.

As a result of the increased operating costs associated with
running diesel power plants at Jabana 1 and 2, RURA in-

creased the tariff for all customers by 35% from 134 rfw to 182
rfw (The NewTimes, 2015a). To determine the efficacy of this
policy in achieving its aim of augmenting company revenue,
the average monthly revenue per customer is analyzed both
prior to and after the tariff change, as depicted in Figures 8a,
9a, and 10a. It is observed from these figures that the largest
change in average monthly revenue per customer occurred
in the medium category of residential customers, while less
substantial changes in average monthly revenue per customer
were observed for the low and high consumption categories.
The most pronounced increase in revenue is observed in the
initial three months following the implementation of the tariff
change, after which the average monthly revenue per customer
appears to level off. The actual percentage changes in the
average monthly revenue per customer are documented in
Table II.

Given the 35% increase in electricity price, the correspond-
ing per customer increase in average monthly revenue remitted
to REG one year prior to and after the tariff change ranged
between 10% and 31%. The largest per customer increase
(31%) in average monthly revenue was observed in the
medium consumption category which consists of customers
consuming between 16 and 50 kWh/month. While the lowest
increase in average monthly revenue (10%) was observed in
the high consumption category. Although the high consumers
displayed the lowest percent increase, they had the largest
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(a) 2015 tariff hike on 99,512 customers (b) 2017 tariff decrease on 124,701 customers

Fig. 8: Low category residential customers.

(a) 2015 tariff hike on 28,329 customers (b) 2017 tariff change on 30,719 customers

Fig. 9: Medium category residential customers.

absolute increase of 2,606 rfw.
Conversely, declines in average customer consumption are

observed across the three categories; low, medium and high,
when comparing average consumption one year prior to and
one year after the tariff change. The largest decline is observed
with the high consumption category (17%) and the lowest
with the medium consumption category (3%). However, it
is worth noting a declining trend in consumption for the
low consumption category before the 2015 tariff adjustment,
suggesting the existence of factors beyond the tariff alteration
contributing to this trend.

Interestingly, the medium consumption category has the
highest increase in average monthly revenue per customer and
the lowest decrease in average consumption after the tariff
hike. One hypothesis could be that high consumers are more
likely to possess a surplus of “discretionary power,” which
they can curtail in response to price hikes, whereas medium
consumers may rely predominantly on electricity for essential
energy needs, rendering them less capable of reducing their
consumption.

Similar to our analysis of the 2015 tariff change, we
examine how introduction of the block tariff in January 2017

TABLE II: Shows the average change in average monthly
revenue per customer and average change in customer con-
sumption for each of the Low, Medium and High categories
one year before and after the 2015 tariff change.

Low Medium High

Pre 2015 Tariff Change (rfw) 825 4,035 21,447
Post 2015 Tariff Change (rfw) 1004 5,294 24,053
Avg % Change in revenue +21 +31 +10
Pre 2015 Tariff Change (kWh) 6.2 30.7 159
Post 2015 Tariff Change (kWh) 5.5 29.1 133
Avg % Change in consumption -10 -3 -17

impacted the per-customer consumption and revenue remitted
to REG. Figures 8b, 9b, and 10b show the average monthly
revenue and consumption per customer pre and post the 2017
tariff change. We observe drops in average monthly revenue
per customer for the low and medium categories, while the
high category experienced a small drop in average monthly
revenue per customer. Similar to the changes observed with
the 2015 tariff change, this drop is experienced within the first
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(a) 2015 tariff hike on 16,473 customers (b) 2017 tariff change on 16,666

Fig. 10: High category residential customers

3 months of the 2017 tariff change.
Table III summaries the percentage changes in average

monthly revenue per customer. From Table III, it is evident that
the utility experienced a notable 39% decrease, on average,
in monthly revenue per customer from customers in the low
consumption category following the 2017 tariff adjustment.
For those consuming below 15 kWh, this decrease resulted
from a substantial 49% reduction in the tariff rate. In contrast,
customers in the medium consumption category demonstrated
a 27% reduction in average revenue remitted to the grid post-
tariff change, which aligns with the expectation that these
customers effectively benefit from a fixed discount applied to
their electricity bills since they too benefit from the “lifeline”
tariff. Conversely, customers in the high consumption category
experienced only a modest 4% decrease in monthly revenue
per customer.

The response in terms of consumption was most pronounced
within the low consumption category, with their average
customer consumption increasing by 14% from one year prior
to the tariff change to one year afterward. In contrast, the
medium and high consumption categories exhibited minimal
adjustments in consumption following the 2017 tariff revision.

These findings suggest that customers in the medium con-
sumption category display less sensitivity to price changes, as
evidenced by their relatively unchanged consumption levels
following both tariff adjustments. This observation holds sig-
nificant implications for utility management and tariff regula-
tion, indicating the potential to increase utility revenues with
minimal decreases in electricity consumption among certain
consumer segments. Such insights are pivotal for informing
effective tariff policy implementation strategies.

V. CONCLUSION AND POLICY IMPLICATIONS

A. Discussion and policy implications

The progressive decrease in household electricity consump-
tion as new customers are connected each year presents
intriguing patterns that merit attention. Although our study
does not establish direct causality, several explanations can be

Low Medium High

Pre 2017 Tariff Change (rfw) 978 5,283 23,978
Post 2017 Tariff Change (rfw) 600 3,869 23,032
Avg. % Change in revenue -39 -27 -4
Pre 2017 Tariff Change (kWh) 5.3 29.0 132.0
Post 2017 Tariff Change (kWh) 6.1 28.4 131.0
Avg. % Change in consumption +14 -1.8 -0.6

TABLE III: Shows the average revenue per customer collected
by REG and average customer consumption for each of the
Low, Medium and High categories one year before and after
introduction of the block tariff in January of 2017

considered for this observed decline. Notably, the transition
in 2017 to allow the connection fee of 56,000 RFW ($67
as of 2017) — previously a one-time upfront charge (ESRF,
2019; REG, 2022) — to be paid over time has likely played
a pivotal role. This change could have both encouraged wider
adoption of grid connections by lowering initial financial
barriers and resulted in a higher effective per kWh cost for
those benefiting from the deferred payment, compared to those
connected earlier. This scenario offers a plausible context for
the observed reduction in consumption among more recently
connected households.

Previous research highlights that upfront costs seldom cover
the full extent of utility investments (Golumbeanu and Barnes,
2013), and other studies (Nsabimana et al., 2022; Zhu et al.,
2018), also underscore the role of income in shaping con-
sumption behaviors, offering insights into the observed con-
sumption patterns. Notably, recent and rural connections tend
to represent lower-income households, consequently exhibit-
ing reduced electricity consumption. Thus, while the country
surmounts the challenge of extending grid access to every
household, a new hurdle emerges: ensuring effective utilization
of grid connections by households.

The implementation of a ”lifeline” tariff has shown promise
in incentivizing electricity use among lower-consumption
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households, particularly in rural areas where usage is typically
minimal. However, the observation that higher consumption
tiers also benefit from this tariff without a proportional in-
crease in usage suggests an opportunity for tariff restruc-
turing. Adjusting the block tariff could encourage greater
consumption among lower-tier customers without significantly
impacting the utility’s revenue from higher-tier customers.

The Engel curve, illustrating the relationship between
household income and the proportion of income spent on
electricity, provides valuable insights. Generally, the Engel
curve for electricity exhibits a U-shape, indicating that elec-
tricity is perceived as a necessity at lower income levels,
with a higher income proportion allocated to it (Ahunov
et al., 2022; Hasan and Mozumder, 2017; Nsabimana et al.,
2022). As income increases, the proportion spent on electricity
decreases as households prioritize other needs, until reaching
a threshold, after which it rises again. The introduction of
the lifeline tariff, while reducing the cost of electricity for
lower-income households, did not result in a proportionate
increase in consumption, possibly because these households
prioritized other critical needs within their budget. This ob-
servation offers a nuanced understanding of the dynamics
influencing consumption patterns, highlighting the complex
interplay between affordability, priorities, and utility strategies
in shaping electricity usage.

Additionally, our data indicates a plateau or decrease in
consumption among earlier adopters, potentially influenced by
the adoption of energy-efficient lighting and appliances. Over
800,000 incandescent bulbs have been replaced with more
energy-efficient alternatives, alongside the growing use of
energy-efficient screen-based appliances (Colenbrander et al.,
2019; UNCC, 2014). These trends underscore the need for
further exploration into the impact of energy efficiency on
consumption patterns.

B. Overall Conclusion

Our detailed analysis of seven years of electricity con-
sumption data reveals that newly connected households exhibit
lower electricity consumption levels. Despite tariff reductions
for customers in the lowest consumption tier, their overall
expenditure on electricity decreased, indicating that reductions
in tariffs did not lead to proportional increases in consumption.
The median consumption levels of these lowest tier customers,
consistently below 5 kWh per month, suggest their economi-
cally disadvantaged status. Indeed utility revenues from these
customers went down and tariff reductions for the lowest tier
also benefited those at higher consumption levels.

This pattern underscores the likelihood that economically
vulnerable households prioritize other essential needs over
increased electricity usage, even when tariffs are reduced.
The specific contributions of efficiency improvements, such
as LED lighting adoption and the preference for smartphones
over televisions, to sustaining energy services with lower
electricity consumption remain undetermined in our study.

A significant question in the academic and policy-making
discourse is how governments can effectively utilize electricity

access to foster consumption and enhance household welfare.
Our findings highlight the Rwandan government’s success in
extending grid access to millions of households. However, they
also suggest that achieving a meaningful increase in electricity
consumption across these households may require a longer
timeline than previously anticipated, echoing observations
made by other researchers.

This study underscores the complex interplay between af-
fordability, consumption behavior, and utility strategy in the
context of expanding electricity access. It points to the need
for tailored approaches that not only focus on connecting
households to the grid but also on encouraging sustainable
consumption patterns that contribute to the welfare of eco-
nomically vulnerable populations.
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