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PSR integrates consulting studies, 
development of advanced analytical 
tools and research on energy systems

Our team has 160 people with degrees in 
optimization, energy systems, statistics 

and computer/data science

We work in 70 countries in all 
continents
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We work in  70 countries in all continents

Planning models for 
Manitoba, simulation studies 

for Alberta and Quebec

Models and studies for Vietnam, 
China, Malasia and Sri Lanka

љNorthern ArcњШ
interconnection study

Price projections for the Nordpool

Planning models for 
Egypt and India

Climate change studies in 
Latin America

Morocco-Spain 
interconnection

S.America 
interconnection

Models and 
studies for Turkey

Market simulation 
model for Australia 
and New Zealand

Integrated planning software for C.America

Energy planning system for Peru

Stochastic planning and 
operation tools Brazil 

Electric integration 
Ethiopia-Rwanda

Independent Transmission 
Projects in South Africa

Renewable Auction design for 
Indonesia and other countries

Planning 
models for the 

World Bank and 
IADB

Dispatch model 
of Iceland

Mexican Market design 
+ market studies

Genesys planning system
(Pacific NW)

Reserve and ancillary services 
optimization for renewables 

(Chile)

Americas: all countries in South and Central America, United States, Canada and Dominican Republic
Europe: Austria, Spain, France, Scandinavia, Belgium, Turkey and the Balkans region
Asia: China (Shanghai, Sichuan, Guangdong and Shandong), India, Pakistan, Nepal, Philippines, Singapore, 
Malaysia, Kirgizstan, Sri Lanka, Tajikistan and Vietnam
Oceania: New Zealand
Africa: Morocco, Tanzania, Namibia, Egypt, Angola, Sudan, Ethiopia and Ghana
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1 SDDP as core method



PSR core optimization method: SDDP

ɍ PSR has been solving multistage decision-making problems under
uncertaintysinceits foundation by MarioPereirain 1987

ɍ Our flagship methodology: the SDDP (Stochastic Dual Dynamic
Programming)method (multistagestochasticBendersdecomposition)

ɍ Seminalpaper with 3,000+ citations on GoogleScholar,one of the most cited
papersin the operationsresearchand energyplanning fields,
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ɍ SDDPhas been the state-of-the-art solution method
for large-scale multistage stochastic programs, having
been applied to practical problems from severalfields
and enriched by numerous improvements and
enhancements,more than 8,000citations



The SDDP logic
ω Storage (hydro reservoirs, batteries) and flexible assets create intertemporal trade-offs with correlated uncertaintiesin 

decision-making processes

ω Motivation for SDDP: explicit ǎŎŜƴŀǊƛƻ ǘǊŜŜǎ ǿƻǳƭŘ ƘŀǾŜ ŀ άŎƻƳōƛƴŀǘƻǊƛŀƭ ŜȄǇƭƻǎƛƻƴέ  ƻŦ ōǊŀƴŎƘŜǎ ŀƭƻƴƎ ǘƘŜ ǎǘŀƎŜǎ ŀƴŘ 
quickly become intractable; Discretized stochastic dynamic programming also becomes intractable for a larger number of 
ǎǘƻǊŀƎŜ ǎǘŀǘŜǎ όάŎǳǊǎŜ ƻŦ ŘƛƳŜƴǎƛƻƴŀƭƛǘȅέύ

ω This is the setting in which SDDP becomes essential: system uncertainty through disaggregated chronological scenarios 
instead of explicit full trees, avoiding the curse of dimensionality



SDDP extensions

Å Distributed processingandapplicationof cloud computing

Å Representsuncertaintieson inflows,renewableproduction, fuel prices,electricitymarketprices

Å Modeling of riskaversion:Conditionalvalue-at-riskhasbeenthe standardof the industry

Å Handlingnonconvexities:

ÅBendersdecomposition requires convexity in the problems during the backward phase; therefore,

nonconvexconstraintssuchasinteger variablesfor unit commitment must be convexified(for example,

linearrelaxation)

ÅStochasticDual DynamicInteger Programming(SDDiP), Support Vector Machine (identification of valid 

and non valid cuts around each state) and Progressivehedging have been used by us to overcome

convexityissues



2
SDDP with High 
Performance 
Computing as PSR 
flagship model



SDDP as an industrial application by PSR

The SDDP model by PSR is a toolthat represents all types 

of generation (hydro, thermal, renewables etc.); storage 

(pumped storage, batteries, reservoirs etc.); electricity 

networks (multi-area or full transmission); gas networks 

and fuel storage

Chronological hourly resolution (ramps etc.) and non 

linearities (e.g.variable head and unit commitment)

Objective functions: Minimize risk-adjusted operation cost 

subject to reliability constraints; maximize expected 

revenues; and others

Clients all over the world (ISO, traders, banks, generators, 

regulators, consumers, consultants, universities, etc)

For further information: https://psr-energy.com/software/sddp-18.0.html 



SDDP is very suitable for cloud computing

ɍ We started to use!ƳŀȊƻƴΩǎCloud (AWS)in November 2006, one
month after it wascreated.

ɍ Accordingto AWS,PSRwasthe first userin LatinAmerica,of anyarea

ɍ Wethen developedacloud-basedplatform:

ɍManagesthe remoteexecutionof models(e.g.SDDP)

ɍA distributed processenvironment(cloudcomputing)

ɍAvoidsthe needfor acquiringexpensiveάƭƻŎŀƭέinfrastructureto run studies

ɍά{55t/ƭƻǳŘέcommerciallyavailableby PSRin 2009
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Example of aplication SDDP Nordic https://www.youtube.com/watch?v=K5s98kgQJ6Q

Service started 2009
LSEG - London Stock 

Exchange Group
(previously Refinitiv and 

Point Carbon)
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Modeling of complex hydro cascades

12 Nordic Bid Zones
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Capacity Planning with flexibility constraints

Bendersdecompositionoptimizesthe trade-off between
investment decisions and the expected value of
operativecostsobtained from SDDP

Thereserverequirement must be a decisionvariablefor
the expansionplanning model

Dynamic probabilistic reserves (DPR) can be co-
optimized together with the investment decisionsin an
embeddedway(endogenously)

Renewable investment decisions will be made
consideringthe indirect cost that those plants brings to
the systemby increasingthe reserverequirements

The co-optimization allows one to represent the renewables spatial portfolio effect (negative spatial correlations imply in 
less reserve requirement than positive correlations): strategy avoids the concentration  of renewables in the same region
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Example of DPR (case of Chile)
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The Genesys 2.0 model

ɍ Emulate the real-life operation with as many details as possible

ɍ Assess performance indices (LOLP, generation marginal costs etc.)

ɍ Taking into accountload uncertainty

ɍ Inflow + Renewable uncertainty 

ɍ Large share of hydro generation with detailed operation 

ɍ 15 balancing markets
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The problem solved

ɍ Medium term planning (weeksahead): watervalues,άslowέunit commitments

ɍ Dayaheadoperation: Fuelcontracts,Markettrading

ɍ Houraheadoperation

ɍ Detailedhydro-thermal operation: realtime operationόάǘǊǳŜǳǇέύ

ɍ Redispatchunder uncertainty: with limited resources

Repeat for 6,000 scenarios and solve in 8 hours!

Total 108 million MIPs, 10 Tbytes output files
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Solved in about 6 hours  
using PSR Cloud with 

30,000 cores 



Optimal operation Genesys 2.0 (US Pacific Northwest)W

Demand and reserve for the 
largest balancing market

Hourly operation (energy & 
reserve co-optimization)
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Optimal LNG contracting and scheduling for power generation

]ĲŰĲƖċƣŸƖќƚШũŸċĬШĦċũũШċŰĬШ
deliver window definition

LNG NG

Work and energy flow

SOURCES OF UNCERTAINTIES

ҍ Meteoceanographic conditions

ҍ LNGC logistics 

ҍ Regulatory services

ҍ Dispatch uncertainty 

ҍ Carrier fuel load volume

OPERATIVE CONSTRAINTS

ҍ ÂŸƽĲƖШƓũċŰƣƚќШċĦƣŔƻċƣŔŸŰШƚĲƕƨĲŰĦǃ

ҍ FSRU activation and hibernation

ҍ Fuel transfer rate limits

ҍ Fuel consumption curve

ADVANCED MODELING

ҍ Deliver window allocation

ҍ Multiple thermal plants with 
different fuel balances

ҍ Fuel loan

ҍ Split nomination calls

LNGC
Liquified Natural Gas Carrier

FSRU
Floating Storage Regasification Unit

System operator 
dispatch order

Due to the high number of binary variables, the problem is decomposed using Progressive Hedging

https://www.youtube.com/watch?v=a0p_tTNox0
k
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Integrated AI -based 

Climate Modeling and 

Stochastic Optimization
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ɍ Theenergytransition is increasingrelianceon weather-sensitiveresources: hydro,wind,
and solar

ɍ TheάNew Normalέfor weather / climatehasarrived: strong evidencesthat the extreme
eventsthat took placeworldwide in 2023and 2024arestructural

ɍ Possibly / probably the situation will get worse

ɍ It is urgent to adjust the stochastic scenarios of inflow, wind, temperature etc. and
operation+ planning criteria to the new reality

ɍ Adaptation  measures (resilience) are as important as mitigation
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The core problem: planning under non -stationary uncertainty

ɍ Climate change affects the distribution of inflows, temperature, wind, radiation, and extreme events;

ɍ PSR studies highlight lower averages in some cases and heavier tails: higher probability of droughts and floods;

ɍ Traditional stationary models assume future statistical properties equal the past:  increasingly fragile ;

ɍ This affects energy planning as a whole: operation, adequacy, investment decisions.

The issue is not just volatility, it is a structural change in probability distributions

Standardized Precipitation Evapotranspiration Index(SPEI) 
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PSR Integrated Framework: from weather to decisions

Better energy decisions require connecting climate 
science to economic and operational models.

ɍ t{wΩǎframework integrates : climate information, AI-basedscenario

generation, stochastic optimization, risk metrics, and economic /

resilienceassessment;

ɍ Produce climate-change adapted scenarios Ÿ quantify system 

impacts Ÿ evaluate benefit -cost of adaptation measures

ɍ Requiresmultidisciplinary integration of meteorology, AI, physical

systemmodeling,and optimization.

SDDP-based methods




