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MOTIVATION AND OUTLINE 

 In the Brazilian system, since 2000 the dispatch has been centrally  

   coordinated by the ISO (ONS) and market prices have been set by  

   the Market Operator (CCEE) with the optimization tools based on  

   dual dynamic programming, developed by CEPEL 

 Many new features have been included and validated ever since 

 The price is currently set by each week, in three load blocks,  

 In Sept 2017 the so-called “hourly price” process was launched, in  

   order to validate the DESSEM model for the day-ahead  dispatch in  

   half-an-hour time steps, and to obtain hourly market prices 

CONTEXT 

MOTIVATION 

 We present the main features of the DESSEM model and practical  

   aspects related to its use, which is planned for January 2020. 

OBJECTIVE 
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source: 
www.ons.org.br 

GENERATION MIX – 2016 & 2021 

BRAZILIAN INTERCONNECTED 
SYSTEM (SIN)  

WIND HYDRO GAS/LNG FOSSIL 

OTHERS NUCLEAR SOLAR BIOMASS 
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MAIN CHARACTERISTICS OF THE 
BRAZILIAN SYSTEM 

 Large-scale system, predominantly hydro 

 Stochastic inflows to reservoirs 

 Long distances between generation sources and load 

 Many hydro plants in cascade 
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BRAZILIAN INTERCONNECTED 
SYSTEM (SIN) – HYDRO PLANTS 

source: 
www.ons.org.br 

162 hydro plants  
centrally dispatched 
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LONG, MID, SHORT TERM HYDROTHERMAL 
POWER GENERATION  PLANNING 

HYDROTHERMAL PLANNING FOR THE 
BRAZILIAN INTERCONNECTED SYSTEM 

Developed by CEPEL, 
collaborating with 
scientific comunity 

Validated in 
working groups by 

ONS, CCEE, EPE, 
MME, ANEEL, as 

well as task forces 
with most power 
system utilities 

Approved for official 
use by the regulatory 

agency 

       Used by: 
- ONS to dispatch the  
  system  
- CCEE to set market  
  prices  
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LONG, MID AND SHORT TERM 
GENERATION PLANNING 

NEWAVE 

DECOMP 
DESSEM 

SDDP 

DDP  
MultiStage Benders  

Decomposition 

[Maceira,Penna, 
Diniz,Pinto,Melo, 

Vasconc.,Cruz,18] 

[Maceira,Duarte, 
Penna,Mor,Mel,08] 

[Diniz,Costa,Maceira, 
Santos,Brandao,Cabral,18] 

[Diniz,Souza, 
Maceira et al,02] 

[Diniz, Santos, 
Saboia, Maceira,18] 

[Pereira,Pinto,91] 
[Maceira,93] 

[Birge,85] 

MILP 

Application of CVaR  

Risk Averse Mechanism 

[Shapiro,Tekaya, 
Costa,Soares,12]  

[Diniz, Tcheou, 
Maceira, 12] 

HYDROTHERMAL PLANNING FOR THE 
BRAZILIAN INTERCONNECTED SYSTEM 
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ROLLING HORIZON  
APPLICATION OF THE MODELS 

Monthly 
10 

years 
Monthly 

Weekly 

from 2 
months 

to 1 
year 

Weekly/ 
Monthly 

Daily 
2 

weeks 
Half-an-

hour

NEWAVE 
(since 2000) 

DECOMP 
(since 2002) 

DESSEM  
(2019-2020) 

FCF 

System 

Modeling Time Step Horizon 
Scenario  

Tree 

Solving 

Strategy 

Stochastic, 
sampling 
approach

Aggregate 
Reservoirs, 

tie-lines 
SDDP 

Stochastic, 
scenario 

tree

Individual 
Hydro Plants,  

tie-lines 
MSBD 

 
Determ.

 

unit 
commitment, 

DC power 
flow 

MILP 

FCF,  
targets 

Application 

 [Maceira, Terry, 
  Costa et al, 02] 
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 Cascaded hydro plants in  
   several river basins 

 Pumping stations  
   connecting different  
   rivers 

 Many hydro  
   constraints 

 Interconnection limits  
   among areas 

 electrical losses in  
   major interconnections 

 line flow limits constraints 
   (DC power flow) 

 thermal unit commitment constraints 

 anticipated dispatch requirement of LNG units 

 MT/LT: Monthly/  
   weekly profiles in  
   several load blocks, 
   per system area 

 ST: hourly load  
   profiles, by bus 

TARGET: to obtain an “optimal” Policy for planning purposes, to set the 
dispatch of hydro/thermal plants and to establish market prices 

T 

H 
Hydro Plants 

TRANSMISSION 

intervalos de tempo 

MW 
LOAD 

Other sources 

 Intermitent generation  
   (new renewables) 

  other fixed generations  
  

 Thermal Generation costs + 

 Risk Measure (CVaR)  
The main objective is to minimize: 

Subject to: 

HYDROTHERMAL COORDINATION 
PROBLEM - OVERVIEW 

Thermal Plants 
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 Exiplicit representation of thermal generation 
   costs, as well as startup/shutdown costs 

THERMAL PLANTS 
Cost 
(R$) 

Thermal generation 
(MWh) 

 Combination of water values and plant efficiency yields hydro generation costs 

HYDRO PLANTS  

GH

Q





 Water  
Value 

Water consumption 
for generation 










MWh

$

 








3

$

hm 








MWh

hm3

Generation  
Costs 

Storage  

Future 
cost ($) FUTURE COST 

FUNCTION (FCF) 

GH 

Q 

V 

 Taking advantage of “free” generation as much as possible 

 Energy storage to better manage intermittency (leads to future cost functions...) 

 NEW RENEWABLES (WIND, SOLAR...) 

V

$

COST INFORMATION FOR  
DECISION MAKING 
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DETAILED REPRESENTATION OF THE ELECTRICAL NETWORK 

System Areas 

Hydro Plants 

Thermal Plants 

Power injections 

loads 

Interchanges among areas 

Transmission lines 

River courses 

[Diniz,Santos, 
Saboia,Maceira,18] 
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S 

IT 

IV 

remaining days 

DECOMP 
FCF  

Half-an-hour / hourly intervals Larger  
intervals 

1-2 days 

DETAILED SYSTEM 
REPRESENTATION 
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HYDRO PLANTS  
PRODUCTION FUNCTION 

VARIATION OF EFFICIENCY WITH THE WATER HEAD 

Q 

V 

hdw 

S 

GH 

hup 

 

AHPF V, Q, S GH 
[Diniz,Maceira,08] 
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Four-dimensional piecewise 
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Modeling of 
river sections 

HYDRO PLANTS IN CASCADE 

HYDRO CONSTRAINTS 

Filling of “dead 
volumes” 

Multiple uses of 
water 

Flood control 
constraints 

Minimum releases 

pumping stations 

channels between  
reservoirs 

Evaporation in reservoirs 
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RIVER ROUTING 

 Representation of water propagation curves along the river courses 
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[Diniz,Souza,14] 
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NONCONVEX THERMAL UNIT 
COMMITMENT CONSTRAINTS (1/3) 
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[Saboia, 
Diniz,16] 

[Carrion, 
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Auxiliary variables: 

[Arroyo, 
Conejo, 04] 

NONCONVEX THERMAL UNIT 
COMMITMENT CONSTRAINTS (2/3) 

Start-up / Shutdown trajectories 
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Operation of Combined-Cycle plants 

NONCONVEX THERMAL UNIT 
COMMITMENT CONSTRAINTS (3/3) 

 Application of a hybrid component/mode model 

 Constraints can be individually enforced  
   for the thermal units 

 transition requirements between configurations 
   can be included 

 Linking constraint between units  

   status      and configuration modes 

[Liu,Shahidehpour, 
Li,Mahmoud,09] 

[Morales-Espana, 
  Correa-Posada, 
  Ramod,16] 
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Line Flow limit constraints 
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DC MODEL OF THE 
ELECTRICAL NETWORK 

Power transmission losses 
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 dynamic piecewise  
   linear approximations 

Line flow limits and approximations for 
   losses are iteratively included  

[Santos,Diniz,11] 
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ADDITIONAL SECURITY 
CONSTRAINTS 
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Exp_N 

 constraints on the relation of  
   flows in given lines of the  
   system for security purposes 

PIECEWISE LINEAR 
CONSTRAINTS 

 some constraints are  
   given by tables 

HEURISTIC ITERATIVE 
APPROACH 
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Solving Strategy: MILP (1/3) 

Set the Multistage 
MILP Problem 

Solve Linear 
Relaxation (LP)  

Satisfy  
Network 

constraints? 

solve a DC load flow 
compute line flows 

Insert line flow 
limits constraints 

No 

Solve the MILP  
problem  

continue… 

ITERATIVE LP APPROACH TO FIND MAJOR / POTENTIAL 
BINDING CONSTRAINTS IN THE ELECTRICAL NETWORK 

Obtain a lower 
bound 

Yes 

[Diniz,Souza, 
Maceira et al,02] 

[Santos, 
Diniz, 11] 

 

[Stott, 
Marinho, 79 
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Fix the solution of 
integer variables  MILP solution 

(not feasible yet for the  

entire electrical network) 

ITERATIVE LP WITH FIXED UC TO OBTAIN A GOOD (?) FEASIBLE SOLUTION 

Solve LP  
(with a fixed UC) 

Satisfy  
Network 

constraints? 

solve a DC load flow 
compute line flows 

Insert line flow 
limits constraints 

No 
Compute optimality 

gap 

continue… 

Obtain an 
upper bound 

Yes 

Solving Strategy: MILP (2/3) 

Optimal  

SIMPLEX  

basis 
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Feasible MILP solution 

 

FINDING AN OPTIMAL SOLUTION WITH THE DESIRED ACCURACY 

optimality 
criterion is 

met? 

Yes 

Publish optimal 
solution 

No 

Proceed 
solving the 

MILP problem 

Solving Strategy: MILP (3/3) 
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DETERMINATION OF  
MARKET PRICES 

“Optimal 
“solution 
has been 
reached 

Fix 
commitent 
status of 
the units 

Satisfy  
Networkcons
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Solve a 
continuous 
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scheduling 

problem 
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multipliers 
for system 

area and line 
flow limits 
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HOURLY PRICES RESULTS 
“shadow” operation 

SYSTEM MARGINAL PRICES - NORTHEAST REGION (NE) 

source: 
www.ccee.org.br 
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(all daily runs from April 16th to August 1st) 

25% of the cases: 

< 20min 

4% of the cases: 

> 2h 

23% of the cases: 

> 1h 

source: www.ons.org.br 

no local branching 

no CPLEX parallel processing 

CUMULATIVE DISTRIBUTION OF CPU TIMES 

#Hydro Plants:             158 
#Thermal Plants:             109 
#Network Buses:          6,450 
#Transmission Lines:   8,850 

PERFORMANCE RESULTS 
“shadow” operation 
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FURTHER DEVELOPMENTS: 
REDUCTION OF CPU TIMES 

 Use of tighter/more compact  
   unit commitment formulations 

 

[Morales-Espana,  
Latorre, Ramos, 13]  

 Taking into account optimal basis informationwhile adding new 
   constraints to the problem  in a MILP setting 

[Dam, Kucuk,  
Rajan, Atam, 13]  [Ostrowsku, 

Anjos,Vanneli, 13]  
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Hamming Metric 

[Saboia, 
Diniz,16] 

[Fischetti, 
Lodi,03] 

 Alternative (better) interaction between MILP and  
   LP solving procedures 

 Application of local branching  



Network constrained hydrothermal UC for hourly  
dispatch and price in Brazil: the DESSEM model- 

6th Int. Workshop Hydro Scheduling| Sept. 2018 28/34  

PRACTICAL ASPECTS 

 operation constraints are modeled with slack variables to allow  

   violation (at high penalty costs), since the inclusion of all  

    constraints by the ISO usually leads to an infeasible problem 

 however, optimality gap for the integer solution (1%) is beyond the  

   accuracy for the penalty costs for violations of some constraints 

FEASILIBITY OF THE SOLUTION 

REPRODUTIBILITY OF THE RESULTS 

Inclusion of an additional constraint to force all slack variables to 
zero in order to check the problem feasibility 

 parallel processing feature of CPLEX solver has beene enabled to  

   ensure the same results are obtained in different computers 
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SUMMARY 
Evolution of “hourly price” process 

 1999 – 2017: Ongoing evolution of the DESSEM model 

 Sept 2017 – April 2018: validation of the features of the model 
   available at that time 

 Shadow operation starting on April 16th (1st phase) 

 April 2018 – December 2018 - Development and validation of  
   new features requested by the Brazilian ISO 

 Additional security constraints 

 Operation of combined-cycle plants 

 2019: Second phase of the shadow operation (all features) 

 validation of the process by the task force (ONS, CCEE, utilities) 

 The method to obtain hourly prices is still under discussion 

 2020: oficial use for day ahead dispatch and hourly prices 
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