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Adjusting energy planning practices. 
Examples from Uruguay.
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Workshop - Emerging challenges for power system planning 
Main trends and implications for auction design
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Windsor Hotel Guanabara, Rio de Janeiro

This presentation focuses on the changes that were necessary in 
the optimization and simulation tools used for programming 
the operation and investments planning of the electric power 
system in Uruguay.



SimSEE
2

What we have done in Uruguay.  

Source: The risk images are from the IIE studies carried out in 2010 and 2018 respectively.

The two graphs are the results of simulations for 2011 and 2019.
They show the energy generation, by source, of each of the 1000 

stochastic realizations simulated, ordered by increasing hydroelectric 
generation.

As you can see in the 2019 image, wind energy (green) greatly reduces 
fuel fired generation (brown area).

As a consequence of the change we have surplus of energy in the wet 
years, lower expected cost and drastically reduced cost risk.
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The figure shows the daily minimum, average and maximum 
demand for each day of the year versus the sum of wind and 
solar installed capacity (horizontal green line).

The change seems intrepid, but it is the result of optimal 
investment planning with refined models to capture the new 
system variability as best as possible and weigh it together 
with the other sources of risks.
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Characterization of the variability 
in Uruguay.
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S
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The averaging time, necessary to obtain the 
expected energy, is directly related to the volume 
of storage necessary to filter the variations. From 
this point of view, wind and solar energy require 
less filtering effort than hydro.

This characteristic of the variability leads to 
having to model very well the short-term dynamics 
of the system, since it will be this dynamic that will 
determine the amount of wind and solar energy 
that is manageable.

Every day, we have Smarter Grids, 
Smarter Demands, Smarter Generators and, 
if we are smarter, we will be able to handle 
the new type of variations in a safe way.

For wind and solar energy, averaging 2 
months, we get the expected value width a 
tolerance of 10% and 90% confidence.

For hydro,  we need to average 16 
years for the same tolerance and 
confidence.
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About the failure generators.

Cost assigned 
to rationing

Investments
Reliability
Availability

Cost of supply

DemandGenerators

Failure 
generator

Failure 
generator

FailureCost= ∑
jFailure

E jFailure cv jFailure+ frequency jFailure cf jFailure

Planning is a matter of find an 
equilibrium between availability and 
cost.

The failure, or rationing, is modeled 
as a set of generators with high 
increasing variable costs. 

With the new type of variability with 
higher frequency, we must be careful 
because there is no chance to ask for 
voluntary reductions.

A criterion that takes into 
consideration the energy not supplied 
plus a cost associated with the 
frequency of the failure must be 
incorporated.
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The Time-Step used for simulation.

Big time 
step / implicit 

inertia

Small time 
step / more 

state 
variables

The balance of the fluxes of  water in the 
hydroelectric subsystem is imposed in each 
time step. This has the consequence of 
introducing a “virtual inertia”. For the run-of-
the-river hydroelectric plants it is like they 
have a lake capable of moving the water 
inside the time-step. This effect may over-
valuate the filtering capacity of the 
hydroelectric-subsystem if big time-step is 
used.

The availability of the generator, lines, etc. 
are modeled with the time-step definition. 
Again, it is a “virtual inertia” added. 

A smaller time-step implies the need to 
add new state variables to represent the 
dynamic of the system, converting each 
“virtual inertia” to a more representative one.
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Time-Bands (Patamares) defined by the Monotonous Load 
Curve ...  Makes sense? 

Only an example, 4 days of july-2018-Uruguay
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It is a common practice, to simplify 
the resolution of the dispatch, using 
monthly or weekly time steps 
subdivided into time bands 
(PATAMARES in Brasil) grouping the hours 
of similar power of the system’s 
demand. 

This simplification implies altering the 
time sequence of the Time-Step 
imposing a grouping by the power 
requirement.

 

It seems clear that by incorporating 
significant amounts of variable 
renewable energies, the energy 
requirements are defined by Net 
Demand and not by The Demand.

  

Source: ADME - SCADA tenminute time series
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A tool to simulate the optimal operation of the power system:
● Demands
● Generation plants (Hydro, Thermal, Solar, Wind )
● Network = Nodes and Arcs 
● Interconnections

Gen2
Dem2

Nodo 
2

Gen1 Dem1

Nodo 
1

Arc A

             Arc B

SimSEE
BID – CONICYT (2007)
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The Time Bands handling in SimSEE.
● SimSEE allows defining what Demands and 

what Resources are considered during the 
simulation to create the Net Demand, and 
thus dynamically defines the grouping of 
the hours of the step in the different bands.

● It is a good solution if you need to maintain a 
time-step greater than an hour.

● At the generation level, the requirement is 
clearly given by the Net Demand, but at the 
level of distribution, the requirements are 
those of the Demand of the system.

● When the expansion of the transmission lines 
is considered in the planning problem, I 
believe that going to a time step of one 
hour is obligatory as well as forgetting the 
use of time bands.

● Therefore, the tendency is to stop using the 
time bands by going to the use of 
simulations with a time-step of one hour.

Demand

Net-Demand
dynamic 
time-step 
banding

+

+-
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Sources of randomness
Stochastic processes

● Demand and temperature
● Flows of water contributions
● Wind speed
● Solar radiation
● Price of interconnected markets
● Fuel prices
● Availability of fuels
● Availability of generating plants
● Availability of transport lines

Equipment availability
(independent booleans)

El Niño, Hydro, Wind, 
Solar, Demand, 
Temperature.
(correlated processes)

Representation of uncertainty.

We are managing faster 
dynamics, therefore, the 
correlation between the different 
resources has greater importance. 

We need models of variability 
that correctly represent the 
correlation between resources and 
the correlation with the past. 

That is, we have to represent 
the inertia behind the stochastic 
variables.
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Unavailable

Availability of generators, 
power transmission lines, 
etc.

Available

If we do not represent the state of the availability when simulating with 
small time-step, the consequences of the inertia of the fault-repair process 
are underestimated.

Each generator, transmission line, etc. adds a Boolean state variable to 
the system.

Fail

Repair
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Gaussian World Real World 
Model

Gaussian World:
Multi-variable linear system 

fed with 
Gaussian independent white noise

CEGH 
modeling.

X k+1= ∑
h=0

h=n−1

A h X k−h+ ∑
h=0

h=m−1

Bh R k−h

NLT

NLT

NLT

NLT

NLT

NLT

• reproduces the amplitude histograms of 
the original processes.

• reproduces the spatial and temporal 
correlations in an gaussian space.

• accept state space reductions.
• accept forecast information.
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Bellman's curse of dimensionality.
Decreasing the time step of the 
simulation, to model faster 
dynamics, involves increasing 
the size of the state space of 
the system and very quickly the 
problem is computationally 
intractable.

The CEGH models give us the 
opportunity to define maps of 
linear reductions of the state 
space of the system. 

But still, the definition of this 
mapping is an art based on the 
knowledge of the operator.

We must choose very carefully 
what to ignore.

The Stochastic Dual Dynamic 
Programming (SDDP) used  in Brasil’s 
tools is a elegant and power weapon 
to fight again the Bellman’s curse.
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Optimization 
of the investment plan.

OddFace use genetic programming algorithm to generate a lot of 
possible expansion plans and use the simulator SimSEE to test 
expansion plans looking for the one of the lowest cost. The 
computation is distributed over the network so a lot of computer can 
collaborate in the search of the Optimal Plan.

Thinking about the strong integration of wind and solar energy, 
the key question is whether the cost of risk of supply is taken into 
account in the target cost of the planning optimization problem. With 
the showed changes to represent the fast dynamic of the system, I 
understand that they are.

Specifically in the optimization planning tool, the only change that 
should be added to OddFace was to be able to indicate that the costs 
of the technologies decrease over time given that, in particular the 
solar cost is rapidly decreasing.

OddFace
(2010)
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PRONOS

Twice a day we receive weather forecasts for 
the next ten days with hourly detail at each 
location.

In real time we receive instantaneous 
information about the meteorological variables of 
each location together with the generation and 
availability information of each plant.

Using this info and detailed models of the 
plants we generate hourly forecast of the Wind 
and Solar generation.https://pronos.adme.com.uy

Weather’s 
forecast

Real time 
system info.

Model of the plants.

Forecast of Wind and 
Solar generation.
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Forecast of the next 336 
hours of the power system 
operation.

https://vates.adme.com.uy

VATES is running in an infinite loop at 
ADME. 
At each hour, assimilating the 
forecasts and the real system’s a 
SimSEE simulation is performed given 
the forecast of the optimal dispatch of 
the system for the next days with a 
hourly detail.

Main results: (update every hour)

1) Forecast information about the 
probabilistic dispatch of thermal 
units.
2) Generation of a price signal as the 
basis for allowing future National 
Responsive Demands.
3) Determination of energy packets 
available for export a week ahead.

VATES
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In the future, when the filtering capacity of the 
hydroelectric subsystem is exhausted, regional 
integration, Responsive Demands and Battery-
storage will be the key to filter the variations of 
energy availability within the week.
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What we are working on now for the future.

We are currently working on 
adding learning mechanisms to 
the SimSEE platform so that the 
tool can learn from the repeated 
simulations of the same system 
and be able to make reductions 
in the state space that means 
less loss of information in the 
representation. of the optimal 
operation policy.
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Regulation for Responsive Demand
We have resolved the first step (compute and publish the forecast of the Spot 
Price).

Now we need a good regulation to enable Responsive Demands to appear.

There are details to consider. For example, if all the automatic controllers of 
the Responsive Demands are informed at the same time and all take the same 
action (moving the consumption to the time of lower marginal cost) the system 
is unstable.

Firm Capacity. Is new regulation needed?
It is necessary to recognize the contribution to the Firm Capacity of the 
resources in their synergy with the other elements of the systems. 

A silly example: A village in the desert that must be powered by solar 
panels and a battery bank. Neither of the two elements alone has a 
Firm Capacity, but the set does.
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Thank you very much for your attention!

Be quick enough not to miss the train and slow enough not to get on the wrong one.
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