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ABSTRACT

Implementation of advanced metering of gas and water consumption is an ongoing challenge in some 
developing countries. After a review of the literature, five strategies of advanced metering that could be 
implemented for increasing the use of advanced metering were identified, considering Brazil as a case 
study: transfer of the ownership of metering instruments from utilities to other users, establishment of a 
metering service provider, development of a metering systems inspection agent, use of prepaid systems 
operated by condominiums and methods for data transmission for on-site remote meter reading. To 
assess the feasibility of each strategy, fourteen experts from utility companies and companies involved 
in the implementation of remote and individual metering systems were interviewed. After a content 
analysis and validation of the experts’ responses, strategies for implementing advanced utility metering 
were proposed, that entail relatively simple actions that may be accomplished by local players involved 
directly in metering activities.
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RESUMEN

Implementación de medición avanzada del consumo de gas y de agua es un desafío permanente en 
algunos países en desarrollo. Después de una revisión de la literatura, se identificaron cinco estrategias 
de medición avanzada que se podrían implementar para aumentar el uso de la medición avanzada, 
considerando a Brasil como un estudio de caso: la transferencia de la propiedad de los instrumentos de 
medición de los servicios públicos para los demás usuarios, creación de un proveedor de servicios de 
medición, el desarrollo de un agente de la inspección de los sistemas de medición, el uso de sistemas 
de prepago operados por condominios e implementar métodos para la transmisión de datos de las 
instalaciones a través de lectura remota de medidores. Para evaluar la viabilidad de cada estrategia, se 
entrevistó a catorce expertos de las empresas de servicios públicos y las empresas que participan en la 
implementación de sistemas de medición remotos e individuales. Después de un análisis de contenido 
y la  validación de las respuestas de los expertos, se propone estrategias para la implementación de la 
medición avanzada que impliquen acciones relativamente simples y que pueden ser realizadas por los 
agentes locales que están participando directamente en las actividades de medición.
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INTRODUCTION

The term advanced metering has been used for 
any metering system that replaces manual reading 

by remote communication. For this purpose, this 
systems contemplates advanced meters, which 
are equipments that measure and record usage 
data at hourly intervals or more frequently, and 
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provide usage data to both consumers and energy 
companies at least once daily. Data are used for 
billing and other purposes. Advanced meters include 
basic hourly interval meters, meters with one-way 
communication, and real time meters with built-in 
two-way communication capable of recording and 
transmitting instantaneous data [1]. 

The concept of advanced metering incorporates 
consumption management on the demand side and 
energy and water conservation programs. Advanced 
metering leads to increased operational efficiency, 
improved customer service, enhanced distribution 
reliability and greater revenue assurance [2]. 

A worldwide change in technological paradigms 
in utility metering methods has resulted from 
recent advances in computer systems and 
telecommunications. Individual metering using 
advanced metering infrastructure (AMI) is already 
mandatory in many countries [3]. In Brazil, however, 
the use of AMI techniques are driven by local market 
forces. Implementation of these systems might be 
an opportunity to reduce waste because end users 
will pay for what they consume rather than a fixed 
percentage of the consumption by the entire building 
in which they live. 

In addition, the substantial transformations that are 
taking place in water, power and gas companies 
are not restricted to technical innovations. A new 
economic era is beginning in which considerable 
efficiency gains can be achieved through reorganizing 
all the supporting players in this market, resulting 
in new business practices, including those whose 
principal focus is utility metering. 

The economies of scale and scope in electricity, 
water and gas utilities were explored by [4] and 
the author concluded that, even after accounting for 
unobserved heterogeneity, scope economics exists 
in the majority of multi-utilities and that, for small 
companies in particular, the savings associated with 
scope economies are considerable. 

The combination of the services of utility companies, 
when properly planned, results in a series of benefits 
such as economies of scale and scope, as well as the 
opportunity to implement new technologies such 
as advanced metering [5]. In many countries, the 

use of these technologies has been encouraged by 
government agencies because of the various benefits 
to society and the possibility of efficiency gains [6]. 

The US government, for example, has shown 
interest in transferring the costs of utility services 
to the population in general, principally in locations 
where there are environmental incentives for 
rationalization of consumption, i.e., a “green effect.” 
New metering technologies permit the introduction 
of “read-bill-collect” processes, which essentially 
involve companies providing metering services [7].

Another typical example is the introduction of 
multi-utilities that combine the services of various 
utility companies (such as water, power and gas) in a 
unified structure in order to perform their operational 
activities together, thus obtaining economies of 
scope and scale and consequent efficiency gains 
[8]. The introduction of competitiveness in activities 
related to metering instruments is fundamental to 
ensuring the interests of consumers and encouraging 
technological innovations in metering, such as remote 
reading, prepayment systems and cost reduction [9]. 

In US, England and other countries, interactions 
among the technological, economic, political and 
regulatory aspects of the services rendered by utility 
companies have been taken into account in the 
implementation of advanced metering systems [10]. 

The conventional belief is that the market can function 
with only a buyer and a seller, but this is no longer 
considered sufficient [11] the market also needs 
favorable and consistent policies and regulatory 
frameworks, institutional support, infrastructure 
and services [12-14]. 

Introduction of new technologies is necessarily 
a social and cultural transformation that implies 
adaptation to a new context [15]. The implementation 
of advanced metering in an efficient manner is still 
a challenge in some developing countries, like 
Brazil, principally because both the companies that 
provide utility services and those that supply and 
install remote metering systems in buildings have 
appeared in an unplanned manner, in most cases in 
response to demand from construction companies 
or condominiums. In other words, the market is not 
regulated or standardized. 
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In European countries and in the United States, 
one of the market forces that have led to the use 
of advanced metering systems is the high cost of 
reading meters. For example, in Connecticut, costs 
of approximately US$2.30 per reading were cited as 
the motivation for implementing a radio metering 
system in the 1980s [16]. It was not find systematic 
study of this cost in other countries; in Brazil, for 
example it is approximately US$0.17 per reading. 

In Brazil, the main factor prompting implementation 
of individual consumption metering systems in 
condominiums has been social pressure from 
residents of condominium of apartments who 
claimed for a fair water and gas billing. The urban 
and architectural features of large metropolises, 
combined with market forces favouring individual 
metering, have already led to a demand for remote 
metering in residential buildings, even without 
government incentive. 

Construction companies usually deliver the new house 
apartments with collective metering, as individual 
metering is not mandatory. After the occupancy 
of the buildings, the condominiums claims for 
individualization, and most of them installed on 
site remote meter reading systems (OMR). A cost 
effectiveness analysis was performed in a typical 
medium class multifamily building with: (a) all 
individual meters located at the ground floor and 
(b) individual meters located at the several floors, 
with remote metering [17]. The savings were about 
35% when meters were not centralized. 

Despite the enormous potential for advanced 
metering in the country, no implementation and 
management model has yet been defined. Brazil, as 
other developing countries has characteristics that 
differ considerably from those of the countries in 
which most advanced metering technologies have 
been established. Because of these characteristics, 
it might not be feasible to simply implement a 
technology imported from abroad. 
This paper identifies strategies to increase the 
use of advanced metering systems according to a 
management point of view. 

METHOD

First, it was undertaken a broad search of the national 
and international literature to identify technological 

and administrative issues associated with advanced 
metering.

The premise was prioritization of advanced metering 
strategies that have potential for implementation from 
the user’s perspective, which could be used at an early 
stage of regulation of utility companies and where 
the use of advanced metering is essentially limited 
to remote metering managed by condominiums. 

Five categories of AMI were selected for the next 
stage of the analysis: (1) transfer of ownership of 
metering instruments from utilities to other players, 
(2) establishment of metering service providers, 
(3) development of metering systems inspection 
agents, (4) use of prepaid systems operated by 
condominiums and (5) types of data transmission 
for on-site remote meter reading.

Afterwards, professionals from two groups were 
interviewed: (1) experts of utility companies and (2) 
executives of companies involved in implementation 
of remote and individual metering systems. 
Theoretical sampling was used for the selection 
of the respondents.

The interview’s guide contains open-ended questions, 
where the respondent freely exposed their ideas, 
questions controlled by the theory and directly 
related to the research topics, and confrontational 
questions to review exposed concepts.

To help ensure the reliability of the research, two 
techniques were used in the interviews: including 
more than one question addressing the same topic 
and checking the consistency of responses within 
the same group of professionals. Data were collected 
by audio recording.

Each interview was transcribed and validated by the 
respondent by means of a Content Analysis [18], in 
which the results of the interview were presented 
in graphical (disposition content techniques) form 
in a second meeting. The data were then expressed 
as concepts and relationships among them are 
established in order to formulate conclusions [19]. 
The validation the results obtained was performed 
by the following tools:

•	 cross-examination using data from the two 
groups of respondents; 
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•	 equivalence of concepts expressed by a 
respondent through the formulation of 
contradictory questions;

•	 stability of the consistence of the answers 
through comparison between the two groups 
of respondents and the literature review.

After that, axial and selective codification were 
carried out. For doing it, each category was divided 
in several subcategories for better understanding 
the reasons of the initial position stated by the 
respondent and get achievements to perform the 
selective codification. For that, each response was 
classified in Acceptable or Problematic.

RESULTS AND DISCUSSION

The sample comprised experts from the majority 
of the players involved with this Issue at the most 

important Brazilian region and contemplated fourteen 
professionals, seven from utility companies (UC) 
and seven from metering systems implementation 
companies (OE). All the respondents had worked 
for more than ten years in the field.

Tables 1, 2, 3 and 4 show the results of the axial 
codification of the professional’s opinions for each 
category investigated in this study. Table 5 shows 
the final result of open codification of responses, 
by category and group of professionals.

The results obtained by the codification process 
may be summarized as follows:

• The change transferring ownership of gas and 
water meters from utilities to other players 
would not be feasible in the short term, but this 
assertion does not apply to remote meter reading 
systems or advanced metering technologies.  

Table 1. Axial codification of the responses for the category: Transfer of ownership of metering instruments 
from utilities companies to other players. Grey cells indicate the respondent agrees with the 
opinion (O) about the sub-category.

Sub-category O
Respondent 

A1 A2 B1 B2 B3 C1 C2 D1 D2 D3 E1 E2 F1 G1
Metering transparency and 
acceptance by users

O
N

LY
 T

H
E

 M
E

T
E

R P

Cost-effectiveness feasibility N

Tampering P

Technical support P

Scale economy P

Quality control P

Warranty P

Regulation/ technical standards P

Metering transparency and 
acceptance by users

R
E

M
O

T
E

 M
E

T
E

R
IN

G
 

SS
Y

ST
E

M

A*

Cost-effectiveness feasibility A

Tampering A*

Technical support P

Scale economy A

Quality control P

Warranty P

Regulation and technical 
standards

P

A, B, C … G – companies 1,2,3 – professionals O - Opinion P – problematic A – acceptable N - not 
confirmed A* - acceptable, if bulk meter exists.
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Table 2. Axial codification of the responses for the category: Establishment of metering service providers. 
Grey cells indicate the respondent agrees with the opinion (O) about the sub-category.

Sub-category O
Respondent 

A1 A2 B1 B2 B3 C1 C2 D1 D2 D3 E1 E2 F1 G1
Quality of services P
Regulation/ technical standards P
Supervision of services P
Cost-effectiveness feasibility A
Regulation of business-related services P
Consumption suppression and interface with 
utilities companies

P

A, B, C … G – companies 1,2,3 – professionals O – Opinion P – problematic A – acceptable.

Table 3. Axial codification of the responses for the category: Development of metering system inspection 
agents. Grey cells indicate the respondent agrees with the opinion (O) about the sub-category.

Sub-category O
Respondent 

A1 A2 B1 B2 B3 C1 C2 D1 D2 D3 E1 E2 F1 G1
Market demand A
Economic feasibility P
Quality of services P
Conflict with activities inherent to legal 
metrological supervision

P

A, B, C … G – companies 1,2,3 – professionals O – Opinion P – problematic A – acceptable.  

Table 4. Axial codification of the responses for the category: Use of prepaid systems operated by 
condominiums. Grey cells indicate the respondent agrees with the opinion (O) about the sub-
category.

Sub-category O
Respondent 

A1 A2 B1 B2 B3 C1 C2 D1 D2 D3 E1 E2 F1 G1
Operation, maintenance, technical assistance P
Cost-effectiveness feasibility P
Legal operation P
Transparency of metering P
Supervision of service P
Tariff structure P

A, B, C … G – companies 1,2,3 – professionals O – Opinion P – problematic.

•  Establishment of metering service providers on 
a structured basis with respect to their definition, 
technical quality standards and frequency of 
inspection may encourage advanced meter 
implementation.

• Development of metering system inspection 
agents is feasible because the scope of this 
activity is aggregated to other functions to 
ensure its sustainable cost-effectiveness. 

• Implementation of prepaid meter projects, even 
those operated by condominiums, establishment 
is not feasible because of the high cost and legal 
concerns involved with respect to cut-offs of 
water and gas, unless they are aggregated to 
subsidized programs.

The review of the literature and the responses 
of interviewees suggest that the success of 
implementation of advanced metering systems 
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depends mainly on management aspects rather than 
on technological ones.  

The point most relevant to development and 
sustainability of the use of advanced metering 
systems is expansion of the scope of activities of 
the companies that provide individual metering and 
remote systems. 

As a consequence, a management model for 
encouraging metering individualization through 
advanced metering may be developed through the 
actions of the players involved. This management 
model should encompass a definition of the scope 
of services provided by meter service providers and 
the establishment of performance requirements for 
service quality control. 

A supervision management system is also necessary to 
ensure compliance with those requirements. This may 
be achieved through the appointment development 
of metering systems inspection agents. However, 
the sustainability of this player seems difficult to 
ensure owing to issues of economic scale.

Another important factor in the cost-effectiveness 
of introducing advanced metering, as well as its 
sustainability, is the transfer of ownership of gas 
and water meters from the utilities to other entities. 

The responses obtained from both groups of 
professionals interviewed were consistent with 
the literature review regarding to the fact that 
regulation of monopolies is already beginning 

in some countries. This makes it very difficult to 
introduce high-impact innovations. 

The establishment of meter service providers on a 
structured basis and the development of a proper 
model for primary meter ownership and control 
may also help to promote the convergence of the 
services of the utilities companies. 

With respect to technological issues, simple and 
inexpensive options seem to be the best choice 
because of the small initial scale for water and 
gas advanced metering activities. Prepayment 
systems operated on a small scale are not adequate 
if operated by condominiums, owing to the lack of 
measurement transparency.

CONCLUSIONS

The proposed actions for encouraging advanced 
metering are summarized below. These measures 
are not isolated actions but rather actions that can 
be combined:

•	 Establishment of metering service providers 
on a structured basis compatible with current 
conditions;

•	  Development of metering system inspection 
agents; 

•	 Extension of metrological and legal supervision 
of meters managed by gas and water utilities to 
meters managed by third parties (for example, 

Table 5. Open codification of responses by category and group of professionals.

Category Group
Do not 
agree

Partially 
agree

Totally 
agree

Transfer of ownership of metering 
instruments from utilities to other players

UC 1 5 1
OE 0 5 2

Establishment of metering service providers
UC 2 3 1
OE 2 5 0

Development of metering system inspection 
agents

UC 1 2 4
OE 0 1 6

Use of prepaid systems operated by 
condominiums

UC 1 2 4
OE 6 1 0

UC – professionals from the utility companies (total number: 7); OE – professionals from companies 
working in metering systems implementation (total number: 7).
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condominiums with apartments meter service 
providers); 

•	 Advanced metering technologies may be 
introduced without prejudicing existing 
ownership transfer instrument controls. In 
addition, utilities could reap benefits from 
advanced metering technologies provided by 
condominiums in terms of economies of scope.

The use of simple and proven technologies that 
do not require large-scale projects to be effective 
is necessary. One example is radiofrequency data 
transmission via the portable network (PN) widely 
used in the United States. Prepaid meters, even 
those owned and operated by condominiums, 
are not completely discarded as options, but the 
results of this study suggest that costly projects 
would be feasible only if they were subsidized by 
the government.
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