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PSR (Power Systems Research)

� PSR is a Brazilian consulting company & research center founded in 1987. It has 

been providing consulting and R&D services in +40 countries in the Americas, 

Europe and Asia-Oceania.

� Permanent core staff of 45 experts in optimization, hydrology, statistics, energy 

and transmission studies, energy economics and regulatory issues

� Our main areas of activity are:

� R&D and analytics : development of algorithms, techniques & analytical tools for the 

electricity and natural gas areas (operations, planning, risk management and 

simulation/testing of rules, auctions, designs)

� Consultancy on risk management and integrated portfolio optimization, market 

design and regulatory studies, economic/financial valuation of companies, etc

� Universities : close connection with Economic and Engineering schools

� Our focus is on providing customized solutions to the end-user needs, in close 

cooperation with the client’s technical and IT groups 

� Web: www.psr-inc.com
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The big numbers...

� Surface area: 8.5 million km2

� Population: 190 million;  26 States

� Investment grade achieved in 2008

� 5 times world champion of  soccer

� GDP growth:

� 2004-2009: 4.6%

� 2010 (forecast): 6% – 7.5%

� Power sector:

� Installed capacity: 116,000 MW

� Peak demand: 75,000 MW

� Energy consumption: 450 TWh/year
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Electricity consumption
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� Annual consumption ~ 450 TWh (51 average GW)

� 75% of the market are captive consumers of Discos

� Free consumers should be > 3 MW, > 69 kV

� Free market restricted to large industries

� Typical annual consumption growth rate: 5% to 6% 



� Hydroelectricity : 75% of total installed capacity, 90% of energy production

� Plants in different river basins and with large reservoirs

� Several plants in the same river (“cascades”) belonging to different owners

Generation
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� Thermal plants and others (25%):Natural gas; coal; nuclear; biomass 

(sugarcane bagasse and others); fuel and diesel oil; wind power
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System dispatch: optimization of hydro resources

� In order to take advantage of the hydrological 
diversity, all hydro plants in the country are 
centrally dispatched by a National System 
Operator in a least-cost basis

� System dispatched as a "portfolio", with "wetter" 
basins generating additional energy  to 

compensate for "drier" ones 

� There are no price bids and no bid-based 

dispatch, hydro plants are scheduled based on 
their water values (“expected opportunity costs”)

� Dispatch decisions based on a computational 

model for hydroscheduling

� Based on multi-stage stochastic optimization

� Uncertainty parameter: hydrology
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Transmission (1/2)
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� Essential for the integration of hydro production

� 96,000 km of HV lines (>230 kV)

� Long lines (> 1000 km)

� International interconnections

� Argentina (2,200 MW), Paraguay, 

Uruguay and Venezuela

� Strong transmission expansion: 20,000 km built 

in the past 5 years*

� Transmission reinforcements are planned

� Auctions for the construction and operation of the 

facilities, no congestion revenues assigned to 

transmission facilities

� Private investment has been driving the HV 

network expansion

Source: ONS

2.780 km

Source: ONS

3.
45

0 
km

*See Ref [9] for more details



Transmission (2/2)
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Source: ONS



Business structure: wholesale competition with a 
mixed private-public ownership

� Generation: 15 main companies, several minor ones

� 15% of the produced energy comes from private generators

• Companies include Iberdrola, Endesa, Duke, AES, Suez, Tractebel, etc

� Wholesale competition

� Transmission: 35 companies

� 27 Transcos are private, created after the sector reform from the 

transmission auctions

� Distribution: 63 Discos

� 70% of distributed energy is private

• Example: Iberdrola, Endesa, AES, EdF, private local groups, etc

� RPI-X regulation
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Current institutional structure
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� National Council for Energy Policy (CNPE)

� Cabinet-level advisory panel for energy policy

� Ministry of Mines and Energy (MME)

� Energy Research Corporation (EPE)

� Government-owned company in charge of

planning studies

� Electric Sector Monitoring Committee (CMSE) 

� Monitors security of supply 

� National Regulatory Agency for Electricity (ANEEL)

� Chamber for Electric Energy Trading (CCEE)

� Wholesale market accounting and clearing

� National System Operator (ONS)

� Responsible for centralized system operation and hydrothermal coordination

� There are other agencies for oil, gas and biofuels, environment, etc
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Investment needs

Electricity demand

Electricity supply

� Typical load growth: 5%-6% per year
� It is necessary to install 5,000 MW of new capacity per year  

� ~43 TWh/year; 3,200 average MW of firm energy

Main objective: to ensure
an efficient capacity increase
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� 30% of the hydro potential has been used: undeveloped potential is of 

more than 150 GW, mostly (113 GW) located in the environmentally

sensitive Amazon region.

� Social and environmental 

consequences of hydro 

developments in this 

region involve reservoirs in 

indigenous lands and 

preservation of biodiversity 

� Plants with smaller 

reservoirs being built*

� Delay in licenses
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Long-term expansion options

*See Ref [8] for more details
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Traditional market schemes

� Power sector reform in many countries was based on the 

creation of a short-term (spot) wholesale energy market

� In each time interval (hourly or shorter), generators and 

consumers offer price x production (or consumption) curves 

� The spot price in each interval is the one that balances total 

supply and demand

� In Brazil, spot price does not result from such bids; it is 

calculated by the computational models used for system 

operation   
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Short-run marginal cost

� Every week the computational model computes short-run marginal 

costs ($/MWh) in each region and for 3 load blocks

� The SRMC is used to define three weekly “prices” (R$/MWh) for 

each market: “heavy”, “medium” and “light” load blocks

� Related to the opportunity cost of water (water value), not to price bids!

� The SRMC is used as a proxy of spot prices in all wholesale in all 

wholesale energy market transactions 
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A zonal system (4 
regions) is used for 
WEM transactions



Spot price characteristics

� High medium-term volatility

� Strong dependence on hydrological conditions and reservoir 

storage levels

� Negative correlation with hydro availability

� Skewed probability distribution of expected prices

19



Example: average hydro energy inflow (Southeast region)
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Example: average hydro energy stored (SE region)
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Average spot price (SE region)
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Energy inflow for each scenario simulated (SE region)
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Stored energy for each scenario (SE region)
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hydrological conditions
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Source: PSR studies. 1 USD = 1.85 R$
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Skewed distributionSkewed distribution
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Source: PSR studies. 1 USD = 1.85 R$



Historical energy spot prices vs. storage
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Source: CCEE. 1 USD = 1.85 R$

0

10

20

30

40

50

60

70

80

90

100

0

100

200

300

400

500

600

700

800

900

1000

st
o

ra
g

e 
le

ve
l (

%
m

a
x)

E
ne

rg
y 

sp
ot

 p
ric

e
  (

R
$

/M
W

h
)

Spot price Storage level



Role of contracts

� High volatility of spot prices leads to significant commercial 

risks for generators

� Reduced revenues expected during the long periods of low prices

� No room for merchant investments

� Supply contracts are essential for the commercial feasibility 

of generation projects and to ensure project financing for new 

generation

� Contracts are financial instruments

• Do not affect system operation

• Generators clear in the market difference between production and

contracts
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� First power sector reform released in 1996

� Standard design (“textbook model”)

� Energy spot prices driving new investments

• Discos negotiate freely their bilateral contracts

• Benchmark prices defined by the regulator as pass-through limits to tariffs

� The happy years (1998-2001)

� Strong interest by foreign investors and very successful privatizations 

(the electricity “bubble”) 

� Strong private participation in hydro and thermal projects (IPPs)

� The free market for consumers increased

Power sector recent history: 1996-2001



Southeast region – Brazil – Stored Energy (%max)
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Southeast region – Brazil – Stored Energy (%max)
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Rationing in 2001

� Lack of structural supply and 

progressive emptying of 

reservoirs for 5 years

� Energy rationing in Brazil for 

9 months (June 01- Feb 02)

� 20% of the consumption 

reduced in 80% of the 

country

� GDP impact: 15 billion USD
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Then the difficulties... (2001 – 2002)
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2002 and 2003: “what happened?” years

� Economic signals from the spot market were not clear

� Resulted in lack of enough new capacity; new generation came only 

through vertical integration (self-dealing) contracts

� Regulator had difficulties to establish generation cost limits to 

end-users’ tariffs

� Forecasted spot prices could not be used as signals (too volatile)

� Benchmark prices established by the regulator based on LRMC

• Difficulties to estimate the Long Run Marginal Cost  (technology, price, etc)

• Oscillation from periods with low or high benchmark prices (no contracting 

or expensive costs transferred to consumers)

� Institutional debility: assignment of roles and responsibilities 

between institutions
32
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� Electricity Law released in March 2004. Focus on ensuring 

supply adequacy and efficient procurement of new capacity

� Less emphasis on the short-term “spot” market as provider of signals 

for system expansion

� More emphasis on the forward contract market to induce the entrance 

of new capacity

� Competition “for the market” instead of competition “in the market”

� Strengthening of regulatory agencies: 

� Independency and clear definition of activities

� Creation of company to restore planning studies 

� Creation of agency for monitoring of short-term security of supply

2004-today: Revised power sector model

*See Ref [3,4] for more details



How to ensure supply adequacy

� All consumers (free and regulated) must be 100% contracted

� Verified ex-post, for the cumulative energy consumption in the previous year

� For distribution companies, penalties related to the cost of new energy if under 

contracted, pass-through limit of up to 3% for over-contracting

� Although contracts are financial instruments, they must be “backed” by a 

firm energy certificate (“physical guarantee”) 

� Each generator in Brazil has a firm energy certificate (FEC) , measured in 

MWh/year, issued by the Ministry of Energy 

� FEC states the maximum amount of energy it delivers in a dry year and it is the 

plant’s trading limit in the contract market. Examples:

• Furnas hydro plant: 1312 MW installed capacity and 598 average MW firm energy 

(firm energy/capacity ratio = 45.6%)

• Angra 2 nuclear plant: 1309 MW installed capacity and 1205 average MW firm 

energy (firm energy/capacity ratio = 92%)
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100% contract + firm energy � expansion
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� Free consumers (30% of the market) freely negotiate their 

contracts with generators/trading companies

� The only requirement is to remain 100% covered by contracts

� Regulated consumers (70% of the market): Discos contract 

energy through contract auctions

� Discos are responsible for load forecast; avoids government planners’

“optimism”

� Contracts reduce the risks for investors � reduced prices

Procurement of new capacity
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� Price discovery

� No need to define “benchmark prices” to allow prudent 

purchases by distribution companies

� The auction prices are passed-through tariffs directly

� No more concern with self-dealing 

� Increases contestability

Why auctions?
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The contracting environments
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Types of energy auctions

1. Separate auctions for “new” and “existing” energies
� Separates auctions for new investments (to supply the load growth) 

from auctions to calculate the energy tariff

� Long-term contracts (15-30y) offered for investments in new 
capacity and short-term contracts (3 months to 8 years) offered for 
existing plants

� Objective is to allow Discos to manage load growth uncertainty with 
a portfolio of shorter contracts

� Regular auctions, carried out yearly

2. Technology- and project- specific auctions
� Backstop mechanism to ensure security of supply, foster specific

technologies or projects

� Should not be the “rule”, but the “exception”

� Have been applied for renewable (wind & biomass) & large hydros
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1. Types of auctions for new capacity

� Two auctions to contract new capacity are carried out every year , for 

entrance in operation five (A-5) and three (A-3) years later

� Long-term energy contracts are offered with a grace period: allows auction 
winners enough time to build plants and to have project finance

� Contracts are standardized, fuel price indexation for thermals

� All technologies compete together

� Prior environmental license required to participate

� Reason for the two yearly auctions: load uncertainty

t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10

Year of 
purchase.
Year of 

purchase.

A-3A-3
A-5A-5
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Distco 1

Distco 2

Distco n

.

.

.

60 days before the auction, Discos declare 
how much energy they wish to contract in the 

referred auction

60 days before the auction, Discos declare 
how much energy they wish to contract in the 

referred auction

Before the contract auction: load declaration

Distco 1

Distco 2

Distco n

...

The amount declared by each DisCo as well as the to tal 
amount to be auctioned is not publicly disclosed

The auction is carried out to contract the sum of t he needs 
declared by all Discos: centralized procurement pro cess

Reasons: economies of scale

The amount declared by each DisCo as well as the to tal 
amount to be auctioned is not publicly disclosed

The auction is carried out to contract the sum of t he needs 
declared by all Discos: centralized procurement process

Reasons: economies of scale
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Generator 1

Generator 2

Generator m

Contract auction process

Gencos bid to supply total auction demand

Auction mechanism: hybrid design, combining descending 
price clock auction + (sealed envelope) pay-as-bid final round

Gencos bid to supply total auction demand

Auction mechanism: hybrid design, combining descending 
price clock auction + (sealed envelope) pay-as-bid final round
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*See Ref [2,7] for more details



Generator 1

Generator 2

Generator m

.

.

.

Distco 1

Distco 2

Distco n

.

.

.

Each new generator signs separate bilateral contrac ts with each Distco 
(proportional to declared demand)

It is not a “single buyer” model (government does not  interfere in contracts 
or gives guarantees)

Each new generator signs separate bilateral contrac ts with each Distco 
(proportional to declared demand)

It is not a “single buyer” model (government does not interfer e in contracts 
or gives guarantees)

After the auction: contract signature
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� An auction committee is formed by staff from regulator, Ministry of Energy, 

market operator. Duties:

� Define the auction design & suggests price caps

� Define guarantees

• Bid bond: 1% of project’s estimated investment cost

• Project completion: 5% of project’s investment cost

� Define auction product: energy forward contracts and reliability options

� Ministry of energy:

� Computes  firm energy of each project:  physical guarantee for contracts, 

maximum quantity a project can trade

� Issues the environmental licenses for new hydros

Role of regulator and government in each auction
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2. Auctions for existing energy

� Regular auctions organized by the government following the same 

previous design (demand declaration, centralized purchase, etc)

� The objective of these auctions is to periodically recontract the 

existing energy and to define a price for tariff purposes

� Several contracts offered:

� Short-term contracts (3 to 24 months) with delivery starting in the same or 

subsequent year

� 5-year contracts for delivery 1-year ahead
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(regular) contracting process: summary

� New energy

– A-5 Auction (long-term contract, delivery 5 years ahead)

– A-3  Auction (long-term contract, delivery 3 years ahead)

� Existing energy

– A-1  Auction (mid-term contracts, delivery 1-year ahead)

– “Adjustment ““Auction (short-term contracts, delivery in the same year)

Ajuste
A-1

A-3
A-5

t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10

A-1
A-3

A-5

AjusteAjuste
A-1

A-3
A-5

Ajuste
A-1

A-3
A-5

Ajuste
A-1

A-3
A-5

t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 t+10

A-1A-1
A-3A-3

A-5A-5

AjusteAjuste
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3. Technology and project-specific auctions

49

� Technology and project-specific auctions are allowed as a 

backstop mechanism for energy policy decisions:

� Technology-specific auction :  main mechanism to foster renewable

• Carried out in 2008 to contract bioelectricity and in 2009 to contract wind

• Technology-specific auction applied to develop specific projects

• Carried out in 2007, 2008 and 2010 to contract large hydro in the Amazon

� All auctions follow the same mechanics explained before

� Centralized procurement process

� Key difference is that the Government defines the auctioned demand 

and auctioned product



4. Auction Results

� About 31,000 MW of new 

capacity contracted in  21 

auction carried out so far, 300 

billion USD in contracts

� Several technologies: hydro, 

gas-, coal-, oil-fired generation
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Belo Monte

Madeira plants
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� Large hydros contracted trough specific auctions

� 2007 and 2008: Santo Antonio (3150 MW) & Jirau (3300 MW), 

prices at ~50 USD/MWh

� 2010: Belo Monte (11,233 MW): prices at 42 USD/MWh

� Renewable contracted through technology-specific auctions*

� Wind & sugarcane biomass cogen
*See Ref [10,5] for more details
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Auction results: new energy price per technology
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* Madeira river (Amazon) hydros. Price corresponds to 70% of plant’s firm energy, remaining 30% sold at ~ 70 USD/MWh to free consumers, resulting 
in a average price of ~ 50 USD/MWh

1 USD = 1,85 R$



Auction results: new capacity mix

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Energia contratada por tecnologia

% Hidro 33.2% 66.1% 51.5% 24.7% 0.0% 30.9% 0.0% 3.9%

% Termica 66.8% 33.9% 48.5% 75.3% 100.0% 69.1% 100.0% 96.1%

EN'05 EN'06 (A-3) EN'06 (A-5)
EN'07 - FA 

(A-3)
EN'07 (A-3) EN'07 (A-5) EN'08 (A-3) EN'08 (A-5)
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Amount of energy per type of technology

Thermal

Hydro

Difficulties in obtaining 
environmental licenses for hydro 
plants have resulted in a strong 
participation of thermal plants*

*see Ref [8] for a broader discussion



� Next regular contract auctions (A-3 and A-5): August 

2010

� Auctions for (new) energy delivery in 2013 and 2015

� 15- and 30- year contracts

� Auctions for renewable (wind, small hydro and biomass) on 

August as well

� Short-term auction happen frequently

� More information at: www.ccee.org.br

Next auctions for new capacity
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Outline

� Brazilian power system overview

� Risks and challenges for new capacity

� How to attract and finance new capacity?

� Conclusions
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Conclusions

� The second wave of market reforms in Brazil is focused on 
instruments to ensure sufficient capacity and investment to 
serve reliably its growing economy

� The use of auctions to contract energy promotes 
transparency, reduce risks for investors and increases 
competition
� Discos responsible for load forecasts
� Contracting in advance facilitates project financing

� Auctions have been attracting a large and quite diversified 
candidate supply, which is a positive sign

� Implementation of auction-based schemes in other 
countries in Latin America has also been providing 
interesting results (Chile, Peru, Colombia)
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Energy auctions in Brazil: some lessons*

� Strong points:
� Transparency
� Centralized procurement process but  distributed load forecasting
� Several candidate options & technologies participating, some of 

them would not be perceived by a central planning scheme

� Challenges:
� Lack of transparency
� Definition of price caps (reserve prices)
� Existing x new energy competition
� Private x state competition: “patriotic” rate of returns of state-

owned companies
� Environmental licensing
� Definition of guarantees and penalties

*See [1] for discussion on auction lessons in Brazil and Chile
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