1/12

Efficient electricity consumption

EFFICIENT
ELECTRICITY
consumption:

an agenda for Brazil

Efficient electricity consumption

3/12
3/16

Efficient electricity
consumption:
an agenda for Brazil

Executive
SUMMARY

4/12

Efficient electricity consumption

E

nergy efficiency (EE) is the set of actions that reduces the amount
of energy used to provide goods and services. EE actions have direct and indirect benefits for all of society, namely::
1. Enable more cost effective and environmentally responsible investments, thus reducing the need for new power plants and
electricity grids and contributing to greater sustainability in the
power sector;
2. Reduce costs related to fuel consumption and O&M in power plants,
with potential impact on overall consumer electricity pricing;
3. Reduce greenhouse gas emissions
4. Increase competitiveness of companies that invest in EE;
5. Promote greater energy security in Brazil, ensuring sound use
of energy sources and less exposure to external dependence on
other countries.
In the context of the 21st Conference of the Parties to the United Nations Framework Convention on Climate Change in Paris (COP 21), the
Brazilian Government, in its nationally determined contribution (INDC),
undertook to achieve 10% energy efficiency gain in the power industry
by 2030. However, CEBDS believes that it is possible to seek more ambitious alternatives to the one stated above. This paper, therefore, has
the following objectives:

(1) Identify Brazil`s potential for electricity conservation; (2)
Define conservation scenarios for the 2030 target and evaluate
benefits based on simulating the operation of the National Interconnected System (NIS); (3) Identify the main barriers preventing use of this potential; (4) Propose a plan with measures and
actions to overcome identified barriers in order to achieve the
energy conservation levels established in the simulated scenarios; and (5) Assess the costs of implementing these measures.

Three scenarios for the projected electricity consumption reduction for
Brazil by 2030 were developed for this purpose:

(1) 10% reduction in electricity consumption by 2030, the target
announced by the Brazilian Government (INDC) — INDC Scenario;
(2) 15% reduction in electricity consumption by 2030 — INDC+
Scenario;
(3) 20% reduction in electricity consumption by 2030 — INDC+
Scenario.

Using these scenarios, energy simulations of the NIS were
carried out using the SDDP stochastic hydrothermal dispatch
method1. The main outputs of the
simulations are: operating costs
of the energy sector, costs of investments in new supply, avoided
CO2 emissions, as well as costs
incurred in implementing the proposed EE measures and actions.
Analysis of the simulated scenarios show that the reduction of operating costs varies from 24% in the
INDC Scenario to 38% in the INDC++
Scenario, seen in Table 1.1.
A rule of thumb may be used to
correlate the variation of operating
costs to the impact on tariffs. In
2015, the distribution sector raised
about R$ 100 billion from energy
consumers. Therefore, each billion
in NIS operating costs accounts for
an estimated (average) tariff impact of around 1%. With the expected market growth of almost 60% by
2030, actions to foster EE will engender a direct benefit for society
due to an average tariff reduction
of 17-27%.

1

Stochastic Dual Dynamic Programming
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Table 1.1- Reduction in NIS operating costs
Scenario

Total
operating
costs
(billion R$)

Baseline
reduction
(billion R$)

Baseline
Reduction
(%)

Tariff
reduction (%)

Baseline

112

-

-

-

INDC

85

27

24%

17%

INDC+

78

34

30%

21%

INDC++

69

43

38%

27%

Reduction of investments in new supplies is, however, more significant,
from 42 to 72% (Table 1.2).
Table 1.2 – Reduction of NIS investment costs
Scenario

Accumulated
investment cost
(billion R$)

Baseline
reduction
(billion R$)

Baseline
reduction (%)

Baseline

92

-

-

INDC

53

39

42%

INDC+

42

50

54%

INDC++

26

66

72%

Given the reduction in operating and investment costs, it is possible to calculate the net benefit of the alternative scenarios, as shown in Table 1.3.
Tabela 1.3 – Net benefit of actions and measures
Scenario

Reduction in
investment
costs
(billion R$)

Reduction
in operating
costs
(billion R$)

Investment for
implementation
(billion R$)

Net benefit
(billion R$)

INDC

39

27

8

58

INDC+

50

34

14

70

INDC++

66

43

19

90

Naturally, in absolute terms, EE reduces the need for investments. In
relative terms, it is important to compare the implementing cost of the
generated MWh with the saved MWh. Figure 1.1 shows a comparison
of the price of new energy for various sources, the marginal expansion
cost (MEC) and the cost of implementing EE actions and measures
through energy savings.
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•

Lack of information: consumers are not aware of
conservation technologies
or are not clear about their
performance or cost-benefit.
The overall knowledge level is still relatively low, even
among large-scale consumers, such as industry.
The simplistic vision (lower
initial investment, independent of long-term additional
operating costs) is a symptom of lack of information.
Awareness raising campaigns must be developed
for the lay audience, and for
some professionals, as must
training to identify energy
efficiency opportunities and
manage viable projects;

•

Agency costs: the person
who buys the equipment
may not be the person who
pays for the consumed energy. Therefore, even if the
buyer is informed and has
no budgetary restrictions,
incentives for acquiring efficient equipment may not
exist. Furthermore, for certain agents, like distributors,
increasing EE leads to direct
reduction of their market,
which also generates disinterest or resistance;

•

Expansion: economic agents
prioritize investments in the
expansion of supply (construction of new power plants
and grids) over conservation;

•

Financing: inadequate financing mechanisms for
energy efficiency actions,
such as the need for very
restrictive banking collateral or the complexity
of meeting administrative
requirements for obtaining

Figure 1.1– Conservation cost vs. production cost
per source
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Reduction of CO2 emissions shows smaller variations and is more directly related to the amount of conserved energy, varying 10–23%. The
reason for this is that only the emission factors of thermopower plants
that use fossil fuels were considered to be non-zero, so that the reduction of CO2 emissions depends largely on the mix of sources used in
each scenario.
Table 1.4 – CO2 emissions reduction
Scenario

Accumulated
CO2 emissions
(MtCO2)

Reduction with
respect to
baseline scenario
(MtCO2)

Reduction with
respect to
baseline
scenario (%)

Baseline

291

INDC

262

29

10%

INDC+

239

52

18%

INDC++

225

66

23%

-

In hydrothermal systems, such as the NIS, it is usually the hydropowers
that modulate the load. Thus, the thermopowers are dispatched at their
maximum power or are switched off, which explains the relative linearity of emission reductions.
Although the Government already has national energy efficiency programs in place, such as Procel and the Brazilian Labeling Program, its
actions merit improvement. Several barriers have been identified in the
sector that require specific measures. The main ones are:
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•••
Brazil placed one but last among the 16 largest
economies in the world, ahead only of Mexico.

financing, all made worse by the low technical quality of several projects;
•

Investment priorities: companies may have a
high level of debt, so that loans and investments for energy conservation, which is not
usually a core activity of these companies,
have no place in their plan of action;

•

Risk aversion: business managers and even
residential consumers fear technical risks
arising from new technologies that consume
less energy;

•

Additional costs: sometimes the deployment
of new technologies require adaptation of infrastructure and additional training for operators, which indirectly increases costs of the
EE measure or makes it less attractive;

•

Lack of human resources and capital: the human resources of companies, be they large
or small, are usually overloaded, making it
difficult to give them the additional task of
promoting EE. Furthermore, there often aren’t
sufficient resources to invest in this segment.

Brazil`s ranking in the international scenario is not
good. In the recent energy efficiency ranking published by the non-governmental organization ACEEE
(American Council for an Energy-Efficient Econo-

my), Brazil placed one but last among the 16 largest economies in the world, ahead only of Mexico.
Among the issues that need improving in Brazil, the
ACEEE recalls that Brazil does not have mandatory standards for electrical installations in buildings
and homes and that the energy efficiency requirements only apply to a few electronic appliances. The
report further states that Brazil`s energy policy is
basically concentrated on the production of renewable energy, leaving a great quantity of energy efficiency largely untouched.
The USA and the European Union have some interesting examples for Brazil both in terms of legislation as well as availability of information on EE, such
as the Better Plants and Better Buildings websites of
the US Energy Department, and the European databases ODYSEE and MURE.
In order for the conservation potential estimated for
Brazil to come to fruition, a specific set of measures
will be required to encourage EE actions. The objective of a measure is to expand the reach of EE actions, so that more consumers (individuals or companies) undertake actions to reduce their electricity
consumption. Table 1.5 shows the measures proposed by this paper, their area of action, an estimate
of when they could be implemented and their probable cost (2030 horizon), in addition to the amount of
avoided CO2 emissions.
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Table 1.5 – Measures for promoting energy efficiency in the period 2016-2030
Area of action

Probable
implementation

Custo de
implementação
(milhões R$)

Emissões
evitadas (MtCO2)

Minimum mandatory EE levels

Federal Government

Short

0

2.71

Incentive for distributed generation

State Government

Short

0

2.53

Revised PEE resource allocation

Federal Government

Medium

0

2.71

Tariff decoupling

Federal Government

Medium

10

1.50

M&V and energy performance standards

Companies/All
government levels

Medium

450

2.53

Energy audits

Companies

Short

750

2.71

Performance contracts with ESCOs

Companies

Short

750

2.53

Energy management
optimization (ISO 50.001)

Companies/ Federal
Government

Medium

1

1.00

Energy efficiency network

Companies

Short

30

2.53

Energy efficiency auctions

Federal Government

Medium

15

1.00

Measures
Legal, institutional and regulatory aspects

Business Environment

Training, capacity building, dissemination and marketing
Energy efficiency website

Companies/All
government levels

Short

8

4.07

Include EE in school and
technical training syllabuses

All levels of
government

Medium

10

1.50

Capacity building and awareness raising

Companies/All
government levels

Short

45

4.07

R&D projects for new technologies

Companies/All
government levels

Short

750

3.80

Reduced taxation and rebates
for efficient appliances

All levels of
government

Short

15

5.07

Guarantee fund
(e.g.: IADB`s EEGM)

Federal Government

Medium

0

2.00

Improvements in BNDES Efficiency

Governo Federal

Curto

8

2.71

(former PROESCO)

Federal Government

Short

0

2.00

Off-balance sheet

Companies

Short

2819

47.00

Financial and/or tax incentives

Source: Adapted from PNE 2030 (MME, 2008)

For each EE scenario, a subset of measures shown in
the table above is progressively selected for implementation, so that in the INDC++ scenario all measures are included. Thus, different scopes of actions
are built for each EE scenario. Implementation of measures depends largely on government, particularly the
Federal Government.
The Federal Government is responsible for modifying
regulations, improving conditions for developing an EE

market, promoting awareness and capacity building of
the population, and providing the necessary incentives
for companies and civil societies to carry out the EE actions proposed in this paper. Bearing in mind that the
Brazilian Government, when it announced its INDC, did
not detail how it would attain this goal, the measures
proposed here do not only represent a path to be followed to fulfill an established plan, but are also an additional contribution towards achieving even more ambitious targets. Table 1.6 presents measures per scenario.
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Table 1.6 - Sets of measures per scenario
Scenario

Measures

Category

Barriers to be overcome

Minimum mandatory EE levels

Legal, institutional and
regulatory aspects

Expansion, lack of human
resources and risk aversion

Revised PEE resource allocation

Legal, institutional and
regulatory aspects

Financing

Energy efficiency website

Training, capacity
building, dissemination
and marketing

Lack of information and
additional costs

Capacity building and
awareness raising

Training, capacity
building, dissemination
and marketing

Lack of information and
additional costs

Improvements in BNDES
Efficiency (former PROESCO)

Financial and/or
tax incentives

Financing

Energy audits

Business Environment

Financing, investment
priorities and risk aversion

Reduced taxation and rebates
for efficient products

Financial and/or
tax incentives

Financing

Performance contracts with ESCOs

Business environment

Risk aversion and lack of capital
and human resources

Energy efficiency network

Business environment

Lack of information, agency
costs, investment priorities
and risk aversion

Incentive for distributed generation

Legal, institutional and
regulatory aspects

Expansion

M&V and energy
performance standards

Legal, institutional and
regulatory aspects

Lack of information and risk aversion

R&D projects for new technologies

Training, capacity
building, dissemination
and marketing

Expansion

Energy management
optimization (ISO 50.001)

Business environment

Additional Costs

Energy efficiency auctions

Business environment

Expansion and agency costs

Tariff decoupling

Legal, institutional and
regulatory aspects

Agency costs

Include EE in school syllabus

Training, capacity
building, dissemination
and marketing

Lack of information and
additional costs

Creation of a guarantee fund
(e.g.: IADB`s EEGM)

Financial and/or
tax incentives

Financing

Off-balance sheet

Financial and/or
tax incentives

Financing, investment
priorities and risk aversion

INDC

INDC+

INDC++
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For a more in-depth analysis of technologies that have
a greater technical potential for energy conservation
(priority technologies), two mature and widely marketed technologies are highlighted in this paper: high
performance electric motors and LED lighting. These
technologies, among others, are addressed in EE actions, which are practical attitudes taken by individuals
or companies with a view to conserving energy.
There are seven types of electricity end-use in each
consumption class. EE actions are proposed according to class and usage. The proposed EE actions are:
Industrial class:
•

Replacing incandescent
lamps with LED lamps;

•

Replacing old electric motors with newer high
performance models, thus reducing situations where oversized motors are used;

•

Using new technologies, particularly in electrochemical end-use and in Non-ferrous
metals (aluminum, copper and zinc) and
Chemicals, with a view to reducing specific
electricity consumption;

•
•

and

fluorescent

Replacing the fuel used in the Direct Heating
end-use with different electricity fuels;
Optimizing cooling systems (sealing, thermostat use, evaporator, position of equipment,
combating leaks), in particular in Food and
Beverages;

•

Reducing number of equipment on standby,
either by behavioral changes or automation;

•

Using speed controllers in certain applications (for example, deployment of pumps,
fans or compressors with variable operating
schedules); and

•

Replacing old electric furnaces, particularly
those used in fusion and metal reduction in

Non-Ferrous Metals (aluminum, copper and
zinc) with newer high performance models.
Commercial class:
•

Replacing incandescent and fluorescent
lamps with LED lamps;

•

Replacing equipment with more efficient
technologies; and

•

Optimizing cooling systems (sealing, thermostat use, evaporator, position of equipment, combating leaks).

Residential class:
•

Awareness of the best consumption habits,
such as switching off appliances when not in
use, keeping areas with conditioned temperature closed off, and adequate selection of fan
speed and air conditioner temperatures;

•

Switching off appliances on standby. The use
of “smart plugs” with switches can help this;

•

Replacing fluorescent lamps with LED;

•

Installing solar powered boilers for bath water heating; and

•

Building and renovating homes, using more
natural light and/or new light reflecting technologies (that maintain same brightness with
a lower power requirement).

Others class:
•

Replacing sodium vapor lamps with LED (public lighting);

•

Replacing equipment with more efficient
ones; and

•

Optimizing cooling systems.

EE actions are characterized by three parameters:
conservation potential, payback time and scope. En-
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ergy conservation curves are proposed for each scenario, so that the EE
actions with smallest payback are shown first, based on the premises that
they would engender greater economic incentive for their implementation.
Thus, the actions that require changes in behavior, such as switching off
appliances on standby and keeping cooled areas closed off are those to
be encouraged first. The three figures below show the conservation curves
for the alternative scenarios.

Figure 1.2 - Priority of actions —INDC Scenario
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Figure 1.3 - Priority of actions —INDC+ Scenario
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•••
There is a difference of 11% between
the official and real productivity of
Brazilian hydropowers.

Figure 1.4 - Priority of actions — INDC++ Scenario
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With respect to the amount of energy saved, the most recommended EE
actions are: (i) replacing electrical motors in the Industrial class; (ii) replacing fluorescent lamps or sodium vapor lamps with LED (Commercial,
Others and Residential classes); and (iii) changing usage habits such as
closing doors and windows in cooled environments and properly selecting speed and temperatures, particularly in the Residential class.
Table 1.7 (below) shows the costs of implementation and the avoided
emissions per power plant for the various alternative scenarios.
In addition to energy efficiency in end-uses, efficiency in the generation and transmission sectors should also be considered, as there is a
difference of 11% between the official and real productivity of Brazilian
hydropowers. ANEEL should investigate this aspect since it reflects directly on the analyses of power industry supply security over the next
few years. With respect to transmission, the analysis showed that
ANEEL must strengthen the regulatory aspects of non-technical losses
(mostly from electricity thefts), since these are passed on to compliant
consumers, hurting them.
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Table 1.7 - Implementation costs and avoided emissions per action
Cost of Implementation
(million R$)

Avoided emissions
(MtCO2)

#

EE Action

Class

End-use

Payback
INDC
(years)

INDC+

INDC++ INDC

INDC+ INDC++

A1

Switching off
appliances on
standby

Residential

Other uses

0.2

28

29

29

0.16

0.17

0.18

A2

Improving appliance
usage habits
(closing doors
and windows,
appropriate
changes to speed
and temperature)

Residential

Cooling and air
conditioning

0.5

422

461

495

1.02

1.11

1.20

A3

Reducing usage
of equipment on
standby, either by
behavioral changes
or automation;

Commercial

Other uses

0.5

12

14

15

0.03

0.03

0.04

A4

Reducing usage
of equipment on
standby, either by
behavioral changes
or automation;

Others

Other uses

0.5

5

5

6

0.02

0.02

0.03

A5

Reducing usage
of equipment on
standby, either by
behavioral changes
or automation;

Industrial

Other uses

0.5

12

13

14

0.01

0.01

0.01

A6

Installing solarpowered boilers

Residential

Direct heating

1

145

173

199

0.36

0.43

0.49

A7

Replacing with more
Commercial
efficient appliances

Driving Force

1

145

173

200

0.30

0.36

0.42

A8

Replacing with more
Others
efficient appliances

Driving Force

1

69

82

95

0.26

0.31

0.36

A9

Replacing motors

Industrial

Driving Force

1.5

1,242 1,622

2,008

3.17

4.14

5.13

Commercial

Lighting

2

1,921 2,741

3,644

1.45

2.06

2.74

Replacing
A10 fluorescent
lamps with LED
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Cost of Implementation
(million R$)
#

EE Action

Class

Replacing sodium
A11 vapor lamps with
Others
LED (public lighting);

Avoided emissions
(MtCO2)

End-use

Payback
INDC
(years)

INDC+

INDC++ INDC

INDC+ INDC++

Lighting

2

972

1,387

1,844

1.32

1.89

2.51

A12

Optimizing cooling
systems

Commercial

Cooling and air
conditioning

2

408

582

774

0.49

0.70

0.94

A13

Optimizing cooling
systems

Others

Cooling and air
conditioning

2

82

117

156

0.18

0.26

0.34

A14

Replacing lamps
with LED

Industrial

Lighting

2

113

161

214

0.14

0.20

0.26

A15

Replacing with more
Residential
efficient appliances

Driving Force

2

35

50

67

0.04

0.05

0.07

Optimizing cooling
systems (sealing,
thermostat use,
A16
evaporator, position
of equipment,
combating leaks).

Industrial

Cooling and air
conditioning

3

42

72

111

0.06

0.10

0.15

A17 Optimization

Industrial

Process heat

3

4

7

11

0.01

0.01

0.01

Replacing
A18 fluorescent
lamps with LED

Residential

Lighting

4

1,263 2,571

4,546

0.79

1.61

2.84

A19

Replacing a fuel by
a different type

Industrial

Direct heating

4

110

224

396

0.15

0.30

0.53

A20

Replacing a fuel by
a different type

Commercial

Direct heating

4

72

146

257

0.06

0.12

0.21

A21

Replacing a fuel by
a different type

Others

Direct heating

4

7

15

26

0.01

0.02

0.04

A22

Using new
technologies

Industrial

Electrochemical 5

161

390

795

0.13

0.32

0.64

7,271 11,035 15,902

10.15 14.22 19.13

Apoio estratégico:
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