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HOW TO PRICE WATER
IN A SCARCITY SCENARIO
The study set-up by Instituto Escolhas and carried out
by PSR Consultoria e Soluções em Energia starts with
the assumption that water is a basic input for electric
power generation and analyzes three cases involving
water scarcity situations in the basins of the São
Francisco and Jaguaribe rivers – and recent problems
with the operation of certain thermal plants - and
the Belo Monte Hydroelectric Power Plant (HPP).
In two of the three cases analyzed, the dispute
for water essentially takes place between energy
production and food production. That is a conflict
increasingly present in a context of increasing
population demand for energy and food and the
risks associated with climate change. Starting with
an analysis of basins’ flows and their main uses –
electric power and irrigation – and how this interferes
upon operation of the National Interconnected System
(SIN) to ensure power generation, the study maps the
main bottlenecks in the governance and management
systems for water resources and presents simulations
that lead to the value of water in a scarcity context.
The challenge is to know how to calculate the value
of water for each sector and prioritize the best use
according to existing demands in case of scarcity,
ensuring the human right of access to water.

The granting of concessions for use of water
resources, as has been carried out, has not proved
to be an effective management tool. Overall,
Brazil is unaware of the actual water consumption
and use. There are no measurements, control or
supervision of the amount effectively withdrawn.
In practice, if there is an additional cubic meter of
water, it is not known to which user it should go or,
in the absence of such, who should be prioritized.
The study shows that, in a scarcity scenario,
pricing and implementation of a robust integrated
water resources management system are the tools
that society, government and companies need to
mitigate the water dispute and avoid billionaire
losses to national economy, especially the
electricity sector, and consequent transfer to the
consumer through increases in electricity bills.
The data that will be shown evidence the importance
of highlighting the weaknesses of water management
system, of the institutions and governance,
establishing water as a priority input and kickingoff the debate on adoption of pricing mechanisms.
The definition of economic criteria and priorities
for decision-making must anticipate the crisis and
debunk the myth of water abundance in Brazil.
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How much would water
scarcity cost in the basin of
the São Francisco river?

Xingó Hydroelectric Power Plant,
São Francisco River

R$ 100
Paulo Arsand / Shutterstock.com

Million annually

R$ 2,5

Billion annually
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The study simulations
evidenced that:
For thermoelectric generation,
it would result in an annual loss of
up to R$ 100 million to the power
provider, which would be passedon to consumers in power tariffs.
For hydroelectric generation,
lack of water would result in
energy loss, with impacts of up to
R$ 2.5 billion per year to power
provider, which would represent
an imbalance for the National
Interconnected System (SIN) and
consequent impacts on the energy
tariff and the consumer’s pocket.

WHAT CAN GIVE WATER
VALUE IS ITS SCARCITY
How much did the water
scarcity cost in the basin
of the Jaguaribe river
(CE), between 2016
and 2019, to consumers
of electric power?

R$ 148
million

Electric power consumers
throughout Brazil paid R$ 148
million due to the increase in
value regarding the Emergency
Water Obligation (ECE) on the
water bills of thermoelectric
power plants (UTE) of Pecém
(CE), between September 2016
and August 2019. The ECE was
set up by the government of
Ceará to fight the water crisis.

How much would the
dispute cost for the water
in the basin of the Xingu
river in Pará?

R$ 2

billion annually

In a simulation carried out
with incorporation of the
Federal Prosecutor's proposal
to adopt only one of the
alternatives for operation,
it would result in a value of
R$ 2 billion annually for
the loss of firm energy1.

1
The firm power of an HPP corresponds to the maximum continuous energy production that can be obtained, assuming occurrence of the driest sequence
recorded in the history of flows of the river where it is installed.
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HISTORICAL RECORD OF AFFLUENT ENERGY TRIENNIALS
(SIN) IN GROWING IN ASCENDING ORDER

BRAZILIAN SCENARIO
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Source: Proper elaboration based on data from the National Electric System Operator (ONS)

Water availability in Brazil varies greatly from
Amazonian abundance to the northeastern semiarid.
The early emergence of water conflicts in a privileged
country, which holds 12 % of the world's available
fresh water, sounds the warning that there are flaws
in water resources management. Solutions include
greater water control through management tools
such as charging for the use of water resources.
- More efficient granting, inspection,
measurement, monitoring and data collection.

Water is a basic input for the Electric Sector,
for both hydroelectric and thermoelectric
generation. In periods of water crisis or in
situations of dispute, if operation of the plants
is not well planned, lack of this input can cost
the Electric Sector billions of reais annually.
This cost is responsibility of the power company, but
part and/or the whole loss may be passed on to the
country's electricity consumers through additional
charges to the tariffs. Further to the dispute, there is
impact of judicialization of grants and licenses, which
cause legal uncertainty and investment deceleration.

Saint Peter1 has punished Brazil very severely
in recent years, especially in the Northeast and
Southeast. In 2014 there were several disputes
regarding water and some of them concerning
the operation of SIN hydroelectric power plants
reservoirs - which carry out a fundamental
role of energy storage. On this occasion,
the São Francisco river basin as well as other basins,
suffered severe water crises. What happened?
Is Brazil really going through a water shortage
crisis? Or is it a water management crisis?
Data from the National Electric System Operator
(ONS) on the history of hydroelectric energy
originating from natural affluent flows –
those that exploit the natural water course
without human influence (reservoirs, collection
etc.) – try to answer these questions.

1

Saint Peter, in Brazil, is responsible for bringing rains.

Although the country experienced a water crisis in
2014, when comparing the 2012 - 2014 triennial with
the other historical inflows (1931-1933, 1932 -1934
triennials and so on), it is evident that this was by
far not the worst in records. What is going on?
Can the SIN in this case be considered as a plane
going through turbulence showing to be well built?
The current difficulties would be circumstantial:
once the turbulence (that is, return of the
hydrological regime to normal) is over, will the
country have the so-called “blue skies”? Or it would
be the opposite: the system is fragile rather than
robust, and thus, problems would be structural.
Climate change could further worsen this
scenario with possible changes in rainfall, which
reinforces the conclusion that Brazil needs to
be better prepared for these crises, measuring
and managing water more efficiently.
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the thermoelectric power plants. This contingency
tariff for the use of water resources considers the
gross volume of water consumed by thermoelectric
plants, which is around to seven times the normal
monthly tariff. The Government implemented the
Obligation in order to “inhibit” the use of water
resources by the Pecém I and II plants, that had to pay
in order to keep operating. The last ECE defined by
the Government of the State of Ceará defined a tariff
of R$ 2.067 and R$ 3.101/m3 for water consumption.

CASE STUDY
JAGUARIBE RIVER BASIN,
Ceará, Northeast Region

bills. Aneel upheld the court decision, acknowledging
the request for readjusting the economic-financial
balance of the Unit Variable Cost (UVC) of the
plants, due to the high cost of water, and determining
compensation of the amount paid. With that, there
was forwarding of the CVU increase to the Electric
Power Trade Agreement in the Regulation Sphere,
which was incorporated to the power tariff.

After the National Electric Energy Agency (Aneel)
denied the plants a request to reimburse the extra cost
brought by ECE, the plants secured, in court, the right
to forward the millionaire losses to consumers’ light

Electric power consumers throughout the
country paid, between September 2016 and
August 2019, R$ 148 million due to the increase
in value regarding the ECE on water bills at
the thermoelectric power plants of Pecém.

Pricing by criticality level
of in the basin of the
Jaguaribe river
Based on the analysis of the water-scarcity impact
on the Jaguaribe river basin upon the purses of
electricity consumers throughout the country,
the study recommends water pricing based on its
criticality level. Thus, the study uses the criticality
index, set-up by the National Water Agency (ANA)
in its annual Water Resources Status reports.

Aerial view of Pecém

Located on the Jaguaribe river basin, in the State of
Ceará, and considered the largest multi-purpose dam
in Brazil, Castanhão has being going through critical
situations and reached the mark of 5% of its total
water volume in 2017, the worst scenario since its
entry into operation in 2002. In normal conditions it
supplies the Metropolitan Region of Fortaleza and the
Pecém Industrial Complex, which houses two large

INDICATOR OF THE LEVEL OF CRITICALITY OF WATER STRESS

Arquivo Eneva

Thermoelectric Complex

Water Balance Type

coal-fired thermoelectric plants, with a water demand
equivalent to a city with 600 thousand inhabitants.
Since human supply is priority, the Government
of Ceará published Law #16103, of September 2,
2016, which defines a differentiated billing for
the use of water resources, the Emergency Water
Obligation (ECE)2, for the companies that operate

The index is based on assessment of the ratio
between superficial water demand and water
availability, and is split into five levels: excellent,
comfortable, worrisome, critical and very critical.

“Total Annual Demand x
Annual Water Availability
Flow"

Source: ANA (2015), MMA (2006).
2

Regulated by Decree #32.159, of February 24, 2017.

Ratio (Demand) /
(Availability)

Classification

<5%

Excellent

5% a 10%

Comfortable

10% a 20%

Worrisome

20% a 40%

Critical

>40%

Very critical
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RECOMMENDATION FOR PRICING PER CRITICALITY LEVEL
Criticality Level

Reference

Excellent

Minimum Unit Public Price as per the Hydrographic Basin
Committee

Comfortable

25% of range

Worrisome

50% of range

Critical

75% of range

Very critical

Emergency Water Obligation in the State of Ceará

45,000
40,0 00
35,000
30,0 00
25,000
20,0 00
15,0 00
10,000

Criticality Level

R$/m3

Reference

Excellent

0.0135

Minimum Unit Public Price CBH Ceará

Comfortable

0.778

25% of range

Worrisome

1.556

50% of range

Crítico

2.333

75% of range

Very critical

3.101

Emergency Water Obligation
in the State of Ceará
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Irrigation

JAGUARIBE RIVER BASIN

The main use of water in the Jaguaribe River basin
is irrigation, accounting for 73% of the demand.
The region has great volatility in agricultural
production levels, which means that production
values and main types of crops produced in the
region vary over the years. There is a strong ratio
between years of greater water collection and highest
agricultural production values (R$ 100 million).

1980

1976

1974

0

1972

5,00 0
1970

The study presents pricing by criticality level associating a price to each level. The minimum
value adopted is the minimum Public Unit Price (PPU) the amount charged for the use of the
water resource that is defined for each basin, and the maximum value is the Emergency Water
Obligation adopted by the state of Ceará during the water crisis of 2017. Intermediate values are
fractions proportional to the interval between the minimum and the maximum values.

Food or energy
production? Pricing
through opportunity cost in
the Jaguaribe river basin
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WATER USES IN THE JAGUARIBE RIVER BASIN

m3/s

12

Thermoelectric

Source: Based on the Water Consumption Use in Brazil Manual. Brasília: ANA, 2019.

Considering that agricultural production is the
main and most important water-consuming
activity in the region, the study simulated the
opportunity cost of water in a scarcity situation in
the basin. The opportunity cost is the ratio between
selecting the best use with its greatest financial
benefit of water resources and waiving it off.

The simulation calculated the revenue generated
from each m³ of water used by agriculture in the
municipalities of each basin or sub-basin as a
reference value of for the cost of opportunity.
Since, in a scarcity scenario there is a need to
allocate water to the user that has the highest
profitability for water in the production process.

WATER OPPORTUNITY COST VARIATION IN
THE JAGUARIBE BASIN (R$/M3)
Upper Jaguaribe

0.43 - 4.56

Salgado

0.19 - 1.28

Banabuiú

0.66 - 4.61

Middle Jaguaribe

0.28 - 1.38

Lowet Jaguaribe

0.52 - 1.21

Jaguaribe Basin

0.38 - 1.59
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HISTOGRAM - WATER USES IN THE SAN FRANCISCO RIVER BASIN

CASE STUDY

350,00 0
300,000

SÃO FRANCISCO RIVER BASIN,
Southeast and Northeast regions
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Source: Based on the Water Consumption Use in Brazil Manual. Brasília: ANA, 2019.

Water scarcity in this basin could be priced in many ways. In the case below, a simulation
was carried out considering the effects of changes in flow rates of the São Francisco river
basin over the last ten years, its impacts on hydroelectric power plants (UHEs) in this
basin and, as a consequence, the impact on the country's electricity system.

Paulo Arsand / Shutterstock.com

Xingó Hydroelectric Power Plant,
São Francisco River

The case of the São Francisco River Basin is
emblematic for assessing the disputes between
hydroelectric generation and other consumptive uses
of water. The history of main water uses in referred
basin shows that, in this century only, consumption
for irrigation has doubled, in pace with the change
in the region’s production profile. From 2004 to-

Scarcity scenario,
considering Power plants
in the basin of the São
Francisco river, can cause
a loss of Up to R$ 2.5
billion per year for loss of
firm power

date, new crops such as sugarcane, expanded as the
availability of irrigation grew. Energy generation
already (thermoelectric plants) corresponds to
approximately 1% of demand (3.8 m³/s in 2018).
3
Consumption use refers to the total or partial consumption of water. Examples: irrigation, urban and rural supply, industrial
segment, livestock and thermoelectricity. Non-consumptive uses are those that do not involve (totally or partially) water
consumption. Examples: hydroelectric plants, navigation and leisure.

Simulations using water scarcity scenarios calculated
the reduction of firm energy for the basin’s
hydroelectric plants. That loss, if materialized,

would have an impact on the balance between the
country's hydroelectric production and the power
purchase agreements. The cost could be forwarded to
electricity consumers. For example, this energy loss
can impact the so-called HPPs Physical Guarantee4.
For this calculation, the study worked with a
simulation already carried out for the impact of
reduction in firm energy flows and assumed a value
for the loss equal to the Marginal Expansion Cost
(CME) of R$ 154/MWh. The CME is the cost of
investment needed to meet an additional demand
unit of electricity demand and used by the electric
sector to formulate its generation expansion plan.

The Physical Guarantee is the upper limit of electric power that a plant can trade in agreements, it is guarantee of supply and serves as an apportionment factor in the Energy Reallocation Mechanism (MRE).
Decree #2.655, of July 2, 1998, states that physical energy guarantees will be reviewed every five years, called ordinary review, or in the event of material facts. For MRE participating plants, the physical guarantee reduction must be limited to ten percent of the base value in the concession agreement.

4
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Scarcity scenario,
considering the
thermoelectric plants on
the São Francisco river
basin, may incur in an
annual loss of up to R$ 100
million reais to the power
provider and to the
consumer
Thermoelectric generation is a consumptive user
of water and influences the criticality levels of
river basins where they are located or planned to
be installed. The study simulated the pricing in a
water crisis scenario in the São Francisco river basin

including the thermoelectric plants that are listed
in the Ten-Year Expansion Plan - PDE 2026, which
points to the implementation of another 16 plants.
There are currently 13 thermoelectric plants in the
basin. The planned TPPs will use biomass and natural
gas as energy sources. In the study, the systems for
cooling that couldn’t be identified were assumed
to be open cycle5 and the plants planned to enter
the National Interconnected System (SIN) were
assumed to have a wet closed cooling system.6
Several of the bagasse fired plants were installed
with a wet closed cooling system and their operation
will result in increases in water consumption, with
a possible impact on other downstream users.
N

Sub-middle
Francisco

Lower
São Fancisco

Middle
São Francisco

Plants in Operation
Sugarcane bagasse Diesel
Oil

The result showed that, in the event
of a water crisis, the additional cost
would be 3.50 R$/MWh for the
future gas fired plants and 9.2 R$/
MWh for future biomass plants.
If the plant cannot operate due to
lack of water, it will have to purchase
energy from the market in order to
comply with purchase agreements
(MWh generation). The annual
amount could reach approximately
R$ 100 million, considering only
the dry season and assuming that
energy spot price on the market
reached a ceiling of R$ 500/MWh7.

Biogas
Natural Gas
Blast furnace gas
Upper
São Francisco

Biomass

Planned Plants
Natural Gas
Biomass

Source: Proper elaboration based on Aneel (2019) and ANA
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Once-Through System (OC): Demands large amounts of water, but consumption is minimal (almost 1% of water withdrawn is consumed).
Wet cooling tower (WCT): a recirculation process that requires little water to replace losses, mainly by evaporation (almost 75% of the demand is consumed).
The study considered this as the Settlement Price of Differences (PLD), which determines short-term market prices and is the basis for the Free Energy Market.

Although the loss is the power
provider’s, when the plant ceases
to generate, this lack of generation
means a pressure on the cost
of operating the system and,
therefore, the value is somehow
forwarded to the consumer.
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Generation shutdown may occur at the limit of the scarcity, as happened with the plants of Pecém, located
in the Jaguaribe river basin. This may happen again if there is a risk to human supply or if water use
for agriculture is prioritized, as can be seen from the assessment of the cost of water for irrigation.

Food or energy production?
Pricing by opportunity
cost in the basin of the San
Francisco river

Just as for the case of the Jaguaribe river basin, the
study analyzed the value of crop production in the
basin’s region of influence and estimated an average
opportunity cost for water of 2.80 R$/m3, taking
into account the history of agricultural production
revenues, between 2004 and 2016, in the upper, middle,
sub-middle and lower São Francisco sub-basins.

SÃO FRANCISCO BASIN OPPORTUNITY COST
FOR WATER VARIATION (R$/M3)
Upper São Francisco

2.35 - 4.42

Lower São Francisco

1.60 - 2.62

Middle São Francisco

2.22 - 4.58

Sub-middle São Francisco

1.02 - 1.77

São Francisco basin

2.13 - 3.42

Pricing by criticality
level in the São Francisco
river basin

As recommended for the Jaguaribe river basin,
a table was prepared for the criticality level
applicable for the São Francisco river basin.

SÃO FRANCISCO RIVER BASIN
Criticality Level

R$/m3

Reference

Excellent

0.0103

Minimum Unit Pubic Price CBH São Francisco

Comfortable

0.778

25% of range

Worrisome

1.556

50% of range

Critical

2.333

75% of range

Very critical

3.101

Emergency Water Obligation in the State of Ceará
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Casa de força principal UHE Belo Monte

CASE STUDY

Reservatórios intermediários

UHE BELO MONTE
XINGU RIVER, North Region

Canal de derivação
Trecho de vazão reduzida

Barragem e Casa de Força Sítio Pimental
TI Paquiçamba

TI Arara da Volta Grande do Xingu

Belo Monte Hydroelectric Power Plant region map indicating the bypass channel and the Reduced Flow Segment (TVR).
Hydrograph A and B represent the average monthly flows passing through the TVR, released by the dam in Sítio Pimental.
Source: Base map is accessed through ArcGIS. - Indigenous lands: http://mapas.mma.gov.br/geonetwork/srv/br/metadata.show?id=238 - Camada de extensão da superfície de água (https://global-surface-water.appspot.com/download):

burakyalcin / shutterstock

Belo Monte Dam and construction
of the hydroelectric plant

Scenario of dispute for
water indicates a cost of
R$2 billion annually due to
firm energy loss
The Belo Monte hydroelectric plant (HPP) is the focus
of tensions and controversies from its conception
decades ago, undergoing heavy questioning at the

time of its licensing, and, as of now, faces ongoing
hurdles to maintain its operation license valid.
Located on the Xingu River in Pará, with an
installed capacity of 11,233.1 MW and firm energy
of 4,662.3 MWm, the HPP was built in the region
called Volta Grande (Big Bend) of the Xingu
River, where a deviation was built to harness
a slope height of little less than 90 meters.

For this arrangement to avoid the dispute over water
with the riverside population and indigenous people
living around Volta Grande, upon planning of the
HPP and in the granting of environmental licenses,
a Consensus Hydrograph was proposed, defining the
monthly flows that would have to be followed – Reduced Flow Segment (TVR) along the Volta Grande. The
Hydrograph has two scenarios A and B, a variation
or alternation between them being used. Hydrograph
A, is more favorable for power generation and should
be used in wet or normal years and Hydrograph B,
which is less favorable for generation, would only
be applied if there were two dry years in a row.
The Federal Prosecutor's Office (MPF) recently
has requested only adoption of Hydrograph B.
The MPF's claim is that adoption of Hydrograph
A would interfere with the habitat of rare fish
species, indigenous and riverside communities
and unique ecosystems, threatened by water
diversion to the hydroelectric plant’s turbines.

A simulation of the System's operation was carried
out under these conditions to assess the consequences
of this decision to change the plant's operating
license. The result was a decrease of approximately
1.5GW average firm energy of the plant, a significant
loss would have to be supplied for other sources. If
the form of operation is changed as called-for by the
MPF, there will be a loss of approximately R$2 billion
annually, if we consider the Marginal Expansion Cost
(CME) of R$ 154/MWh. The generating company
would lose this amount, which would also result in
reflections on the SIN, with pressure on the operating
cost and consequent increase in the tariff paid by
consumers throughout the country. The energetic loss
could have impacts on the plant’s Physical Guarantee.
In the same manner, the adoption of Hydrograph A
would result in heavy losses to local, riverside and
indigenous populations located downriver of the plant.
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MANAGEMENT - MAIN RECOMMENDATIONS
Enhance water monitoring, with effective planning and
management of all collection, use and return data, by:
• Reconstituting flow series.
• Enhance monitoring of rainfall with more measuring stations,
better equipment and geographical distribution.
• Install enough hydrometric stations with systematic data acquisition.
• Setup an official database with the type of cooling system of each
thermoelectric plant - the actual quantification of this sector is limited.
• Research and generate more accurate data concerning
irrigated areas, land use and crop types.
Avoid hydrologically critical areas in the expansion of cool waterbased thermoelectric plants. Those that need to be installed in
these areas should employ dry or hybrid cooling systems.

INTERNATIONAL EXPERIENCE
Current water-resource use tariff values in Brazil are lower than those found in countries such as Australia,
Czech Republic, and Belgium, countries that attribute a higher economic value to the water resource.8

WATER USE TARIFF VALUES IN OCDE COUNTRIES.
Country

R$/m3 of water*

Notes

Australia

0,700

Belgium

0,252

Czech Republic

0,620

Germany

0,040

Poland

0,052

Portugal

0,011

Tariff for thermoelectric plants
with cooling system

Slovenia

0,016

Tariff for thermoelectric plants
with cooling system

Tariff for thermoelectric plants
with cooling system

Source: ARROYO, 2018, OECD, 2017 and NUNES [S.I] - * Conversion value considered: 1 Euro = R$ 4
8

In the dissertation of Jaquelini Gelain, from the Economics and Environment Choices Chair, the “Cost-benefit analysis of virtual water exports in the Brazilian agricultural sector”, Brazil occupies the last place in a table comparing some countries, being the average value US$ /m3 of 0.005.
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