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Abstract: Residential water consumption data can be important for sizing and operation rules in a 
water distribution network (WDN) if well compiled. This study aims to evaluate the impacts of a 
smart metering program in the city of Brasília, Brazil, by means of comparisons between costs and 
benefits obtained. Two groups of costs were evaluated: (i) the implementation costs, which were 
obtained from a public database of the Environmental Sanitation Company of Brasília (Caesb) and 
(ii) the maintenance costs obtained from both interviews and internal research with Caesb’s water 
managers. To analyze the benefits of the smart metering system, three factors were observed: (i) the 
water demand reduction with possible lower consumption patterns, (ii) the increased revenues from 
more accurate measurements, and (iii) the costs reduction when comparing the visual water meter 
reading with the smart metering. Furthermore to promote an economic viability analysis, this study 
examined the project payback time considering costs, benefits and a minimum attractiveness rate. 
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1. Introduction 

Water distribution network (WDN) is conceived to provide costumers water with adequate 
quantity and quality. To this end, it is necessary that water networks present a good reliability level. 
In this context, the smart city paradigm has been increasingly widespread and the application of this 
concept to the urban water cycle is a recurring theme. Smart cities are urban areas that use different 
types of electronic sensors to collect data that are used to efficiently manage resources and assets.  

Smart metering (SM) systems for urban water management could be considered an important 
tool for smart city planning and operation. In relation to the water systems, an intelligent meter is an 
electronic device that records consumption and communicates information to the water utilities for 
monitoring and billing. Smart meters usually record hourly (or more often) water consumption and 
report at least on a daily basis. They can provide accurate water use information, enable better 
management for peak demands, re-engineer the water supply and the design procedure, enhance 
water service infrastructure planning, and enable a demand-based water pricing, among other uses 
[1]. 

March et al. [2] concluded that water SM programs could be useful for the following: access to 
detailed knowledge of water use at a household scale for identifying patterns of consumption 
according to different variables; reduce water consumption and improve the efficiency of WDN; 
reduce costs (mainly at manual meter readings); promote the possibility to segment users, enabling 
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the development of new prices policies; generate sustainable water-use thinking and behavior in 
costumers; and quickly detect anomalous consumption. 

When we talk about SM systems and programs, one of the most important things to understand 
is how to extract value from the collected data [3,4]. According to Beal and Flynn [5], there are a high 
number of solutions to manage and integrate meters’ data with existing core utility systems. Their 
findings suggest that it is more possible to justify SM projects according to their economic benefits 
than to users’ satisfaction levels. Some economic benefits of the SM that they pointed are savings in 
operating costs, reductions in the water supplied volume, increase in the water distribution 
infrastructure, increased revenues from measurement that is more accurate, improved relations 
between utilities and costumers, and reduced non-revenue water losses. 

Davies et al. [6] claim that when consumers have feedbacks about their energy consumption 
with tools that more effectively provides them knowledge, there are a behavior change. Studies on 
water consumption and consumer behavior are less common, and this is a new field of study. 
Additionally, households with an in-home display installed reduced their water consumption by an 
average of over 6.8% over the 5-year study period when compared to the control group. Giurco et al. 
[7] consider the need for studies that relate the potential of SM to promote water conservation among 
consumers and utilities. However, they consider that such a system could mean an invasion of 
consumer privacy and therefore further discussion is needed. Black et al. [8] suggest that behavior 
change strategies could be effective in reducing household energy consumption. They installed in-
home display units to provide feedback on energy consumption together with some strategies that 
stimulated and repressed behavioral changes. The results, when comparing intervention groups and 
the control group, showed that the energy consumption of the intervention groups was lower. The 
study findings were used to adopt an SM program. 

In this context, the present paper aims to evaluate the impacts of a smart metering program in 
the city of Brasília, Brazil, by means of comparisons between costs and benefits obtained by the 
implementation of the system. 

2. Methodology 

2.1. Study Area and Smart Metering System 

The SM system was conceived in a residential block that is part of the region of Brasília called 
“Jardins Mangueiral”. The District Metered Area (DMA) presents 420 residential units and the 
intention was to provide a real-time monitoring and processing system for water consumption at an 
individual user level. Thereby, to register a unit’s consumption, the Environmental Sanitation 
Company of Brasília (Caesb) installed 424 telemetry-equipped water meters: one for each unit, three 
to register the consumption of the common areas and another one to identify the total water inflow 
to the DMA tank. In addition, an infrastructure for radio transmission was installed and a tool for 
data availability via the Web was developed. Figure 1 shows the study area location. 

The WDN is supplied from a tank where water comes from the public water supply after passing 
the macrometer. From here, the water is consumed in the units after passing through their individual 
water meters. The average consumption of the condominium, before the SM structure, was 
approximately 4418 m3 per month. It was not possible to determine unit consumption before the SM, 
since the utility did not have individual measurement. The SM system deployment scheme is shown 
in Figure 2. A software was developed to record the volumes determined by the meters. The screen 
that shows the measurement report is presented in Figure 3. 
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Figure 1. Study area location. 

 

Figure 2. Smart metering scheme. 
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Figure 3. Example of measurement report—main water meter (10–12 October 2019). 

2.2. Implementation Costs 

To evaluate the economic viability of the project, it is fundamental to understand the 
implementation costs, that is, is the money spent to install the parts and equipment necessary for the 
system to work. The SM system’s implementation costs were obtained from a public database of the 
water utility and include the following equipment and services: a data concentrator; a signal repeater; 
water meters; a radio frequency (RF) transmitter module with a valve to suspend water supply 
remotely; an executive project; and installation and configuration of the equipment. 

2.3. Maintenance Costs 

The maintenance costs are the investments needed to keep the system working after its 
implementation and they are also important to evaluate the economic viability of a given project. The 
SM system’s maintenance costs were obtained from both interviews and internal research with 
managers of the water utility and include the following services: a server software availability report 
and services; a supervisory system availability report and services; a maintenance, update and 
support report and services; and a data communication report and services. 

2.4. Water Demand Reduction 

One of the possible positive impacts of SM systems is the water demand reduction. To 
understand if there were changes in the pattern, the average consumption before and after the SM 
implementation were calculated. At this point, it is important to highlight that the SM system started 
to work appropriately in September 2019, and the amount of available data are thus limited and the 
results presented here should be reviewed for a longer period. 

2.5. Increased Revenues 

Another impact of SM systems is the increase in revenue. With a more accurate measurement 
system, it is possible to have a fairer financial return for the services provided. In order to estimate 
the impact of the SM implementation in revenue variation, billing averages were calculated for the 
period before and after the implementation of the system. Similarly, it is important to point out that 
the SM system started to work properly in September 2019; thus, little data are available and further 
analysis should be conducted. 
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2.6. Visual Reading and Smart Metering Costs 

Considering the fact that readings are now obtained remotely, the implementation of a SM 
system implies a reduction in costs. To comprehend the savings generated and to promote an 
economic viability analysis, the costs with the visual reading were obtained from a public database 
of the water utility. 

2.7. Economic Viability Analysis 

The economic viability analysis intends to measure costs and benefits of a given project. This 
article presents the SM project’s simple and discounted payback time considering costs, benefits and 
an interest rate. The source of funds for carrying out the project was the loan granted to Caesb by the 
Inter-American Development Bank (IDB). In this scenario, the interest rate used to calculate the 
discounted payback time was the LIBOR rate - the average interbank interest rate at which a selection 
of banks on the London money market are prepared to lend to one another - plus loan charges, which 
was the interest rate used when contracting the loan. Equations (1) and (2) determined the payback 
time. 

Ts = I/(B − C), (1)

Pv = (B − C)/(1 + i)N, (2)

where Ts is the simple payback time, I is the implementation costs, B is the annual benefit, C is the 
annual maintenance cost, Pv is the discounted cash flow, i is the interest rate and N is the number of 
years considered. 

3. Results 

Initially, the unitary value of each equipment or service was obtained. Annual maintenance costs 
were estimated based on the costs presented in the first period of the system operation. Table 1 
presents the implementation costs and Table 2 shows the estimated annual maintenance costs of the 
SM system. For the calculations, the dollar values represent the September 2019 average conversion 
rate. 

Table 1. Implementation costs of the smart meter (SM) system. 

Item Quantity (units) Unitary Value (USD) Total Value (USD) 
Data Concentrator 1 728.44 728.44 

Signal Repeater 5 155.40 777.00 
Water Meter 424 46.13 19,559.12 

Radio Frequency (RF) Module 424 106.84 45,300.16 
Executive Project 1 1214.06 1214.06 

Installation/Configuration 424 28.17 11,944.08 
   USD 79,522.86 

Table 2. Annual maintenance costs of the SM system. 

Item Quantity Unitary Value (USD) Total Value (USD) 
Server Software Availability 12 months  82.17 986.04 

Supervisory System Availability 12 months 102.71 1232.52 
Maintenance/Update/Support 12 months 616.26 7395.12 
Data Communication Services 12 months 16.97 203.64 

   USD 9817.32 

Based on the implementation and annual maintenance costs, the total costs per consumption 
unit were obtained, as shown in Table 3. To characterize the possible changes in the water demand 
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pattern of the condominium, Table 4 and the graph shown in Figure 4 represent the monthly water 
consumption before and after the implementation of the SM system. The average water consumption 
of DMA was approximately constant before and after SM operation. On the other hand, the revenue 
increased significantly after SM initial operation, as shown in Figure 5 and Table 5. DMA monthly 
billing was USD 6988.06 before the SM program, and it increased to USD 13,189.56 after the 
implementation of the SM system. 

Table 3. Implementation and maintenance costs of the SM per unit. 

Implementation Cost/Unit Annual Maintenance Cost/Unit 
USD 188.00 USD 23.21 

 

Figure 4. Monthly water consumption before and after SM implementation. 

Table 4. Average monthly consumption before and after SM system implementation. 

Average Consumption Before SM Average Consumption After SM 
4418 m3/month 4422 m3/month 

 

Figure 5. Monthly revenue before and after SM implementation. 

Table 5. Average monthly revenue before and after SM system implementation. 

Average Monthly Revenue Before SM Average Monthly Revenue After SM 
USD 6988.06 USD 13,189.56 

The costs with visual readings of the water meters were estimated to be USD 0.19 per water 
meter per month. Therefore, the total monthly cost of visual reading was USD 80.56 (424 water 
meters). 
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To conduct the economic viability analysis of the project, the simple payback time was calculated 
to be 1.2 years and, as summarized in Table 6, the calculated discounted payback time was 1.3 years. 

Table 6. Discounted Payback Time. 

Year Cash Flow (USD) Discounted Cash Flow 
(USD) 

Balance (USD) 

2019 −79,833.86 −79,833.86 −79,833.86 

2020 +65,567.76 +63,510.03 −16,312.80 

2021 +65,567.76 +61,516.89 +45,204.06 

INTEREST RATE 3.24% PAYBACK TIME: 1.3 years 

4. Conclusions 

This study analyzed the costs and benefits of a smart metering (SM) program over five months 
in a water distribution network located in Brasília, Brazil. The preliminary results show that: 

• In a short-term analysis, it is possible to conclude that the SM system operation did not imply a 
water demand reduction. However, it is important to compare the results obtained in this paper 
with other projects of the same configuration; 

• Likewise, in a short-term analysis, it is possible to state that the revenue increases significantly 
after the implementation of the SM system; 

• It is also possible to conclude that the implementation of the SM reduced the cost of reading 
water meters; 

• Considering the implementation and the annual maintenance costs, the simple and discounted 
payback time for the project investment is 1.2 and 1.3 years, respectively; 

Further studies could take into account longer periods. It is also important to clarify that this 
type of project requires previous and complex studies and is often not a priority when compared to 
the other needs of water utilities. 
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