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Abstract 
Drinking water loss or Non-Revenue Water (NRW) threatens the financial viability 
of water utilities and sustainable natural water resource management. However, little 
attention has been paid to quantitative assessment of the spatial distribution of water 
losses in Rwanda. Therefore, this study focused on the magnitude of water losses, the 
associated environmental and socio-economic consequences, as well as the potential 
benefits from water loss reduction in Rwanda. Based on water usage records from the 
Water and Sanitation Corporation (WASAC) of Rwanda, NRW was calculated for 15 
WASAC branches and Provinces, from July 2013 to June 2014, by using the Interna-
tional Water Association (IWA) standard water balance approach. The results high-
light an annual NRW of 16,502,198 or 41% of the total water produced, inducing a 
revenue loss of US$ 8,713,156. In 14 of the 15 WASAC water branches and all 
Rwandan provinces, the NRW ratios exceed the NRW threshold (10%) recommend-
ed by the American Water Works Association (AWWA). Because of the lost revenue, 
the water facilities may not expand quickly enough to meet the demands of the ra-
pidly growing population. The suggested 50% reduction in NRW would provide ad-
ditional 8,251,100 m3 of treated water yearly, enough to serve extra 41,925 house-
holds or irrigate 661 ha of cropland and save US$ 4,356,579, which would reduce the 
financial gap in Rwanda’s National Water Improvement Project by more than 24%. 
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1. Introduction 

Water is an indispensable natural resource which directly affects economic and social 
development [1]. Drinking water demands are tremendously increasing with galloping 
demographic pressure and economic development [2]. In the middle of this century, 
water shortage will affect 2 to 7 billion people [3]. Despite this, water management and 
conservation practices are not adequate enough to address this incremental challenge 
worldwide. The total cost of water utilities caused by Non-Revenue Water (NRW) 
worldwide was estimated at US$ 141 billion per year, with one third of it occurring in 
the developing countries where about 45 million cubic meters, enough to serve nearly 
200 million people, are lost through daily leakage in water distribution networks. In ad-
dition, nearly 30 million cubic meters are delivered every day to customers, but are not 
invoiced because of pilferage, employees’ corruption and poor metering [4]. The 
worldwide water loss average is estimated at 30%, resulting in the same portion of 
energy loss [5] [6]. Moreover, the water losses enhance the environmental burden re-
sulting from extra water withdrawals [7] [8]. Meeting the rapidly growing water de-
mands in megacities often means sacrificing the environment, thus leading to water 
quality degradation, ecosystem damage, and/or unsustainable water use such as 
groundwater depletion and salt water intrusion [9] [10]. 

The American Water Works Association (AWWA) Leak Detection and Accountabil-
ity Committee in 1996 recommended 10% as the upper limit for water loss or NRW 
[11]. Although it is not feasible to eliminate all NRW in a water utility, reducing by half 
the current levels of losses in developing countries appears to be a realistic target. It 
could generate an estimated additional US$ 2.9 billion in cash every year for the water 
sector (from both increased revenues and reduced costs) and serve an additional 90 
million people without any new investments in production facilities nor drawing fur-
ther on scarce water resource [4]. For example, most Public-Private Partnerships (PPP) 
projects for Urban Water Utilities reduce water losses in the Sub-Saharan African 
countries significantly, where Gabon, Niger, and Senegal have achieved NRW levels 
below 20 percent during at least two years of operation [12]. Benefits of the water loss 
management encompass rapid improvements of the financial-economic viability of 
water utilities (maximize revenues and minimize costs of investments, operations and 
maintenance of pipe networks), environmental protection (maximize water savings), 
public health protection (maximize quality water), technically acceptable level of service 
(maximize water supply reliability) and socioeconomic aspects (maximize affordability 
of water) [5] [13] [14]. 

Watershed is an ideal unit for planning, development and management of land and 
water resources [15] [16] [17] [18]. However, lack of management of soil erosion by 
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water from watersheds in Rwanda [19] [20] threatens normal recharge of groundwater 
[21]. Soil erosion caused by land reclamation also affects the ground water quality in 
Rwanda [22]. The increased demands for commercial agriculture will also place signif-
icant pressures on water resource management. Moreover, the government of Rwanda 
aims to expand the irrigated cropland by 100,000 ha, which will put enormous stress on 
the freshwater resource in the country [23]. In addition, the water usage by the energy 
sector is increasing rapidly, as Rwandan authorities aim to increase energy capacity 
from 35 MW to 563 MW between 2000 and 2017 [24]. The agricultural water supply 
was negatively affected by water usage for hydropower production [25]. Assumptions 
about future climate and water use predicted the water scarcity problem in Southern 
and Eastern African countries including Rwanda because of increasing population and 
improved living standards [26]. 

Notwithstanding the widely underscored water losses in Rwanda, few reports hig-
hlighted the magnitude of losses and little to no attention was paid to quantitative as-
sessment of spatial distribution of water losses in Rwanda. Therefore, this study focused 
on the magnitude of NRW, the associated environmental and socioeconomic conse-
quences, as well as the potential benefits from water loss reduction in Rwanda. Specifi-
cally, this study aims to 1) estimate the levels of drinking water losses, 2) discuss their 
financial costs and 3) estimate the potential benefits if the current water losses are re-
duced by 50%. 

2. Materials and Methods 
2.1. Description of the Study Area 

Rwanda (Figure 1) is a landlocked country with the surface area of 26,338 km2, located 
in the Great Lakes Region of East-central Africa [19], exactly midway between Cape 
Town and Cairo in Egypt, the country shares borders with Uganda to the North, Bu-
rundi to the South, Tanzania to the East and the Democratic Republic of the Congo 
(DRC) to the West [27]. The natural water resources consisting of wetlands of Rwanda, 
composed of marshlands, lakes, rivers and streams, cover about 14.9% of the national 
territory. Rwanda has a hilly and mountainous relief with an altitude ranging from 900 
m to 4507 m with a tropical temperate climate. The average annual temperature ranges 
between 16˚C and 20˚C. Rwandan soils are naturally fragile, resulting from the physi-
co-chemical alteration of basic schistose, quartzite, gneissic, granite and volcanic rocks 
[28]. The average precipitation is 1212 mm/year, and the long-term total annual re-
newable water resource is 13.3 km3/year [29]. Rwanda is one of the most densely popu-
lated countries in Africa with a population density of 470.6 per km2 in 2015 [30]. The 
estimated Rwandan population was about 12 million in 2015 with 28.81% urban popu-
lation [31] and an annual population growth rate of 2.4 [32]. This population is ex-
pected to be around 17 million in 2030 with 41.55% urban population. In 2050 the 
population will be more than 25 million, and about 52% of the total population will be 
residing in urban areas [31]. This study focused on the estimation of NRW and the as-
sociated problems in Rwanda, within 15 branches of WASAC namely Kigali City, Mu- 
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Figure 1. Map showing the location of 15 WASAC’s branches in Rwanda. 

 
sanze, Gicumbi, Nyamagabe, Huye, Ruhango, Muhanga, Nyanza, Nyagatare, Rwama-
gana, Bugesera, Ngoma, Rubavu, Karongi, and Rusizi distributed in the 5 Provinces of 
Rwanda as shown in Figure 1. 

2.2. Study Design and Data Collection 

Based on the water usage records (Water Produced and Water Billed) acquired from 
the WASAC, NRW volumes, NRW ratios and their corresponding costs were calculated 
for the National level (Figure 2), Provincial level (Figure 3(a) and Figure 3(b)), and as 
well as for the 15 WASAC’s branches (Figure 4(a) and Figure 4(b)) for the study pe-
riodstarting from July 2013 to June 2014 using Equations (1) and (2). 

NRW Water Produced Water Billed= −                           (1) 

( )NRW ratio Water Produced Water Billed Water Poduced−=        (2) 

where: Water Produced = the annual input to a defined part of the water supply system; 
Water Billed = the annual volume of metered and/or non-metered water taken by reg-
istered customers, the water supplier and others authorized to do so. NRW ratio is the 
difference between the volume of water produced and billed to customers divided by 
the volume of water produced. This ratio captures the efficiency of both the distribu-
tion network (physical losses) and the commercial management (commercial losses re-
lated to metering and billing problems) [12]. NRW is also interpreted as a water loss 
from public water utilities because of poor water distribution network facilities and 
management, often caused by corrosive environments, soil movement, poor construc-
tion standards, and fluctuation of water pressure, excessive traffic loads and vibration.  
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Figure 2. Rwanda’s total water balance and its costs, July 2013 - June 
2014. 

 

 
(a) 

 
(b) 

Figure 3. (a) Water balance for the provinces of Rwanda, July 2013 - 
June 2014; (b) Water sales and losses for the provinces of Rwanda, Ju-
ly 2013 - June 2014. 

3

3

(m3) (m3)



F. Karamage et al. 
 

79 

 
(a) 

 
(b) 

Figure 4. (a) Water balance for the 15 WASAC’s branches, July 2013 - June 2014. (b) Water sales 
and losses for the 15 WASAC’s branches, July 2013 - June 2014. 
 
On account of these causes, water losses could occur at different level components, 
such as transmission, distribution and service connection pipes, joints, valves, fire hy-
drants, storage tanks and reservoirs [33] [34] [35]. The cost of NRW was calculated 
multiplying US$ 0.528 per m3 with the volume of water lost based on the following cri-
teria: 
• An average exchange rate of the US$1 equals RWF671.019 according to the histori-

cal exchange rates observed on the OANDA’ s website (http://www.oanda.com/) 
[36] for the study period from July 2013 to June 2014. 

• Rwanda average monthly water consumption was 16.4 m3/household [37], meaning 
the average annual water consumption in meter cubes per household was 16.4m3 
times 12 (number of months), which isequal to 196.8 m3. The tariff of this con-

(m3) (m3)

http://www.oanda.com/
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sumption category was RWF 354 (US$0.528) per 1 m3 including the V.A.T. (value 
added tax) at 18% [38]. 

Then, the potential benefits were estimated in the Revenue, household water supply 
and cropland irrigation from 50% water loss reduction in Rwanda: 
• Expected revenues equal 50% of water loss reduction (m3) times US$ 0.528 (cost of 1 

m3). 
• Number of households that can benefit from the improved drinking water in 

Rwanda equals to 50% of the anticipated water loss reduction (m3) over 196.8 m3 per 
household. 

• In Rwanda, the gross irrigation water requirement equals 12,500 m3/ha a year [39]. 
Therefore, the croplands that can be irrigated by the saved water from 50% of water 
loss reduction equal to 50% of saved water (m3) over 12,500 m3 per hectare a year. 

The Progress towards MDG (Millennium Development Goals) target in the im-
proved water coverage in Rwanda, 1990-2015 (Figure 5) was presented by the official 
statistical data on trends in drinking water coverage from 1990-2015, as published by 
the WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanita-
tion [40], available on the website (http://www.wssinfo.org/). 

3. Results 

Rwanda faced severe NRW problems at all spatial scales. The results of this study, indi-
cated that the total water supplied in Rwanda was 39,969,663 m3 from July 2013 to June 
2014, of which 41% was lost. The water losses cost Rwanda US$ 8,713,156 per year 
(Figure 2). 

On provincial scale, the Northern Province had the highest NRW ratio of 63%. The 
water loss ratio in the Eastern Province also exceeded 50%, while Kigali City that had a 
water loss ratio of 35% is responsible for 47% of the total National water loss (Figure 
3(a)), meaning that water loss reduction could significantly improve the efficiency in 
 

 
Figure 5. Progress towards MDG target in improved water coverage 
in Rwanda, 1990-2015. 
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drinking water supply in Rwanda. In addition, the costs of water loss are US$ 4,085,025 
in Kigali City, US$ 1,487,342 in Northern Province, US$ 750,295 in Southern Province, 
US$ 1,539,016 in Eastern Province and US$ 851, 478 in Western Province (Figure 
3(b)) from July 2013 to June 2014. 

Among the 15 WASAC’s branches, the NRW ratio ranged from 10% in Nyanza to 
67% in Musanze (Figure 4(a)). Referring to the benchmark of 10% tolerable for NRW/ 
Water Loss [11], 14 WASAC’s branches presented water loss ratios beyond the accepta-
ble upper limit with the exception of Nyanza branch. Particular attention should be 
paid to the Musanze, Nyagatare, Nyamagabe, and Rwamagana branches where more 
than 50% of treated water was lost. The lowest cost of water loss was US$ 16,197 in 
Nyanza, while the highest cost was US$ 4,085,025 in Kigali City (Figure 4(b)). 

4. Discussion 

High levels of water losses created many problems in Rwanda, including poor financial 
viability for the Water and Sanitation Corporation, water demand deficit, the unfilled 
gap of improved drinking water accessibility and pressure on natural water resources 
[41]. Because of financial problems and high levels of NRW, the water facilities did not 
expand quickly enough to meet the demand of the rapidly growing population. In re-
cent years, the nation’s water resources have been threatened by various sources of 
pollution such as industrial effluents, fertilizers, chemical pesticides, and wastewaters 
associated with population pressure and unplanned urbanization [42]-[52]. Pressure on 
water resources has been reported to be among the major environmental problems due 
to soil erosion [19], deforestation, wetland degradation and pollution [53] [54] [55]. 
Moreover, the quality of drinking water is threatened by an insufficient maintenance of 
the current water distribution network [56]. Groundwater remains an unexplored area, 
apart from a few holes drilled by some projects and a limited number of about 22,000 
sources identified in the country. For instance, the daily water demand in 2013 was 
90,000 m3 in Kigali, the capital city of Rwanda. The daily production was 64,000 m3, 
and 42.3% were NRW, leaving a deficit of 26,000 m3. As a result, the Energy, Water and 
Sanitation Authority failed to supply the required water to the capital of Rwanda from 
January 2011 to 30 September 2013 [57]. 

Similarly, the severe water loss problems affected the financial viability throughout 
the Sub-Saharan countries and undermined their capacity to expand the coverage of 
treated water supply [41]. The government of Rwanda recognized the role of water 
availability for development and adopted the MDG’s drinking water with a target of in-
creasing the proportion of the population with access to improved water from 76% in 
1990 to 88% in 2015 [40]. Although, the national water coverage rose from 58.5% in 
1990 to 76.1% in 2015 (Figure 5), the MDG drinking water target was not met and 
there is still inequality between urban and rural water coverage, being driven mainly by 
population pressures and severe water losses. This national gap of 23.9% in water 
supply to meet clean water supply for the total Rwandan population could be reduced 
by the saved water from water loss reduction. 
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Even though it would sound unrealistic to expect water utilities to eliminate all water 
losses (commercial and physical losses), water losses in developing countries could be 
reduced by at least 50% [14]. According to the estimates from this study, a 50% of water 
loss reduction in Rwanda would save 8,251,100 m3 per year of treated water that can 
serve an additional 41,925 households and save US$ 4,356,579 (Table 1). As socioeco-
nomic benefits, more people can have access to safe drinking water, which plays an 
important role in the improvement of their healthcare and stimulates socioeconomic 
development by reducing the time spent searching for water on a long distance. The 
government of Rwanda aims to extend the coverage of treated water supply to 0.425 
million people per year. This requires an annual capital investment of US$ 54 million. 
However, the available financial support for the National Water Coverage Improve-
ment Projects is US$ 34 million per year (US$ 32 million from the public investment 
plus US$ 2 million from households water billings), leaving a funding gap of US$ 18 
million per year [58]. The anticipated saving of US$ 4,356,579 from 50% of water losses 
reduction reduces the gap by more than 24% (Table 1). 

Alternatively, the saved water can be used for irrigation. Irrigated agriculture is de-
pendent on an adequate water supply of usable quality [59]. Rwandan soil and terrain 
suitable for surface irrigation were estimated at 300,900 ha (11% of the total country), 
and 150,000 ha was irrigation potential area within the Nile basin with the total gross 
irrigation water requirement of 1.88 km3/year (12,500 m3/ha every year). The area un-
der irrigation was 2000 ha in 1997 [39]. In this study it can be estimated that if the 
saved water from 50% of water loss reduction is used for the cropland irrigation, addi-
tional 661 ha area would be under irrigation annually (Table 1). A study on the Cross- 
Comparison of Climate Change Adaptation Strategies Across Large River Basins in 
Europe, Africa and Asia highlighted that adaptation options for Rwanda are land use 
changes, land management, water and improvement of hydrological forecasting [60]. 
Water losses reduction can be one of the adaptation policies to climate change; for ex-
ample in the Eastern Province and the Eastern parts of Nyanza and Gisagara districts in 
Southern province where high frequency of rainfall deficit, late rainfall onsets, early 
rainfall cessations, and droughts events became increasingly severe in recent decades 
[61] [62]. Furthermore, water losses reduction will substantially help to meet the water 
 
Table 1. Benefits from water losses Reduction in Rwanda. 

Provinces 
Suggested 50% 
of water losses 
reduction (m3) 

Expected revenue from 
50% of water losses  

reduction (US$) 

Number of households 
that would have access 

to improved water 

Cropland that 
could be irrigated 

(ha/year) 

Kigali City 3,868,395 2,042,513 19,656 309 

Northern Province 1,408,468 743,671 7,157 113 

Southern Province 710,506 375,148 3,610 57 

Eastern Province 1,457,402 769,508 7,405 117 

Western Province 806,329 425,739 4,097 65 

Total in Rwanda 8,251,100 4,356,579 41,925 661 
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demand for the growing population in Rwanda. 

5. Conclusion 

Reduction of the drinking water loss is beneficial to any country. This study assessed 
the Non-Revenue Water in Rwanda from July 2013 to June 2014 and its related envi-
ronmental and socio-economic challenges. The results indicated that the NRW in the 
country amounted to 41% of the total water supplied, accounting a revenue loss of 
US$ 8,713,156. This study suggests a reduction of at least 50% of the current water 
losses that would improve the economic and financial viability of water utilities, envi-
ronmental protection, and public health protection through water quality control, 
maximize water supply reliability and maximize affordability of water and as well, 
energy savings in Rwanda. 
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