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Fig | 3. Operational power plants in Southeast Asia. (Global Energy Monitor, 2023)Fig | 1. Existing and planned power plant capacity  in Southeast Asia.

 Captures river dynamics in power system operation and planning; 

 Individual plant level;

 Hour-scale continuous annual planning for power systems.

OUR STUDY

To address the above, we introduce an integrated model for water and power systems with a refined decomposition algorithm. 

Fig | 2. Representative periods (teal lines) fail to capture the variability 
of wind power within the day.
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NSGA-III + Regional parameterization 
+ ISIMIP3a inputs

Run Community Water Model 
(CWatM) to simulate daily natural 

streamflow and reservoir operation

Run River Basin Model (RBM) to 
simulate daily water temperature 

based on simulated daily streamflow

Reverse particle tracking from each node

𝜉𝜉 = 𝑥𝑥 − 𝑥𝑥0 − ∫𝑡𝑡0
𝑡𝑡 𝑢𝑢𝑢𝑢𝑢𝑢

𝑇𝑇(𝑥𝑥0, 𝑡𝑡0) 𝑇𝑇(𝑥𝑥, 𝑡𝑡)

Integrate heat fluxes along path from 𝑡𝑡0 to 𝑡𝑡

Δ𝑇𝑇 = Δ𝑡𝑡[
𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤(𝑡𝑡, 𝑥𝑥𝑗𝑗′)
𝜌𝜌𝐶𝐶𝑝𝑝𝐷𝐷(𝑡𝑡, 𝑥𝑥𝑗𝑗′)

) + Φ(𝑡𝑡, 𝑥𝑥𝑗𝑗′)]

Update water temperature at next time step

Estimate unit-level curtailment according to 
available stream discharge and temperature 
for each thermal power plant.
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Build statistical modelling to estimate 
water-related efficiency loss of 

thermal power plants

Use PREP-SHOT (Pathways for Renewable Energy Planning coupling Short-term 
Hydropower OperaTion) for energy expansion optimization

FUTURE WORK
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Perform energy expansion optimization using the 
PREP-SHOT model with simulated stream 
temperature and efficiency loss.

Parameter Min Max Initial
Snowmelt coefficient 0.001 0.007 0.003
Crop factor 0.8 3 1.11
Soil depth factor 0.8 1.8 1.28
Preferential bypass 
flow 0.5 8 4.5

Infiltration capacity 
parameter 0.01 1 0.19

Interflow factor 0.33 3 2.8
Recession coefficient 
factor 0.1 10 5.28

Runoff concentration 
factor 0.1 5 0.1

Channel Manning’s 
n factor 0.1 10 1.86

Normal storage limit 0.15 0.85 0.44
Lake “A” factor 0.33 3 0.33
Lake and river 
evaporation factor 0.5 3 1.52

Ⅰ. PREPARE INPUTS

• Capacity factor
• Installed upper bound

• Initial & Terminal energy storage level
• Discharging & Charging efficiency
• Power to energy ratio
• Discharging & Charging output bounds

• Lifetime constraints
• Carbon emission constraints
• Power balance constraints
• Transmission constraints
• Power output constraints
• Power output variation constraints
• Energy storage constraints
• Water balance constraints
• Reservoir outflow constraints
• Reservoir storage constraints

Ⅱ. BUILD MODEL

Hydropower

• Cascade topology
• Water travel time
• Initial water head
• Initial & Terminal storage
• Natural inflow
• Storage bounds
• Ramping rate

• Outflow bounds
• Output bounds
• Output efficiency  
• Stage-Storage curve
• Tailwater rating curve 
• Water head loss coefficient

Objective function

• Minimize the cost of the whole energy system

• Transmission topology
• Transmission efficiency

Ⅳ. ANALYZE RESULTS

• Capacity of newly built technology per modelled 
year per zone

• Capacity of newly built transmission lines per 
modelled year per zone

• Transmitted power per year between zones
• Generation of each technology and discharging and 
charging of each storage per modelled year per zone

• Generation flow, withdrawal water flow and spillage 
flow of each hydropower station per modelled year

• Ramping rate
• Power output bounds
• Carbon dioxide emission per unit of electricity
• Fuel cost per unit of electricity 

• Discount rate
• Unit investment cost,
• Unit fixed Operation and Maintenance (O&M) cost
• Unit variable O&M cost
• Lifetime of technologies and transmission lines
• Capacity-Age relationship 

• Electricity demand
• Planning horizon
• Representative periods
• Time step
• Others (see details in See details in Liu & He, 2023 )

Constraints

Ⅲ. SOLVE MODEL

Software
• GUROBI

Algorithms
• Simplex method
• Interior point method
• Benders decomposition method

Model output

Storage Technology

Non-dispatchable Technology (Solar & Wind)

Dispatchable Technology (Coal & Nuclear)

Transmission Line

Cost-related Parameters

Non-cost Parameters

METHODOLOGY
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