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A coupled water-energy model reveals key 
interdependencies between hydro-climatic 
variability, energy generation, and power 
distribution in the Greater Mekong Sub-region



Introduction

Mekong hydropower development



Introduction

Some open issues

§ Effect of hydro-power generation on 
power supply and distribution

§ Vulnerability of the coupled water-energy 
system to hydro-climatic variability
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Model setup

110 nodes (2016 data):

§ Generators: 30 hydro (4,734 MW), 
1 coal (1,878 MW), 2 biomass (40 
MW)

§ Import nodes: 3 from Thailand, 1 
from China 

§ Substations: 64 transformers

§ Export nodes: 7 to Thailand, 2 to 
Vietnam, 1 to Cambodia

§ Hourly resolution
§ 4,753 continuous + 931 binary 

decision variables (for 24 hours)
§ Implementation in Pyomo and 

Gurobi



Model setup

Electricity consumption (2016 data):

§ Total national: 4,647 GWh

§ Export to Thailand: 18,099 GWh

§ Export to Vietnam + Cambodia: 1,287 GWh



Results

Impact of seasonal hydro-climatic variability – energy mix

§ High hydro-electricity production at the peak of the monsoon season

§ Strong dependence on other energy sources during the pre-monsoon months



Results

Impact of seasonal hydro-climatic 
variability – energy transmission

§ ~70% of the N-1 violations* 
occurring during the monsoon 
season 

àThe dispatch of hydro-electricity is 
constrained by the capacity of the 
transmission lines

§ ~20% of the available hydro-electricity 
remains unused (mostly during the 
monsoon season)

* N-1 violation: line usage is at least 75% of the line 
capacity (at any hour)



Results

Impact of inter-annual hydro-climatic variability (1996-2005) –
relation with climate drivers



Results

Impact of inter-annual hydro-climatic variability (1996-2005) – energy mix

§ The anomaly of dispatched hydro-electricity is at most 3%

§ Yet, this largely influences imports and power production from coal



Results

Impact of inter-annual hydro-climatic variability (1996-2005) – energy mix

§ Production cost increases by ~20-30% during dry years

§ Negative effect of droughts on CO2 emissions (increase by ~25% during dry years)



Conclusions

Impact of seasonal hydro-climatic variability

§ Strong effect of seasonal water availability on the energy mix

§ Dispatch constrained by the transmission capacity

§ Part of the available hydro-power remains unused



Conclusions

Impact of seasonal hydro-climatic variability

§ Strong effect of seasonal water availability on the energy mix

§ Dispatch constrained by the transmission capacity

§ Part of the available hydro-power remains unused

Impact of inter-annual hydro-climatic variability

§ Strong effect of ENSO-driven water availability on the energy mix, production costs, and CO2
emissions



Conclusions

Potential interventions

§ Further expansion of the transmission lines

§ More water storage (?)

§ Forecast-informed management of the water-energy system

§ …



Thanks!

Stefano Galelli
stefano_galelli@sutd.edu.sg

Resilient Water Systems Group 
http://people.sutd.edu.sg/~stefano_galelli/
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Model setup

Variable Infiltration Capacity (VIC):

§ Spatial resolution: 0.0625 degrees (~6.9 km)

§ Rainfall and Temperature: APHRODITE + 
CFSR

§ Soil and Land use: HWSD + GLCC

§ Bespoke operating rules for each 
reservoir



Model setup

Energy model – validation 


