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An Integrated System Plan for Cambodia, Laos, Thailand and Vietnam

The rapid falls in cost for solar photovoltaics (PV) and wind, combined with Federal policies to
support rooftop solar and large-scale renewables, mean that it will be possible to generate close to
100% renewable electricity in Australia in the very near future. Electricity demand has largely
plateaued in Australia, but growing electrification, including of industry and transport, is likely to
increase demand over the coming decades.

In contrast, electricity demand in Southeast Asian countries is continuing to grow rapidly, often
outpacing efforts to build new generation and storage. Current generation mixes in the Mekong
region vary and are dominated by hydropower (Cambodia), hydropower (Laos), gas-fired power
(Thailand), and coal-fired power (Vietnam). A large proportion of hydropower generated in Laos is
exported to Thailand.

Hydropower in the region is highly dependent upon the time of year, with a well-defined wet and
dry season. Hydropower’s capacity to generate across the four countries is also being impacted by
hydropower dam development further upstream in other jurisdictions. Climate change is projected
to change rainfall patterns in the region, further affecting hydropower operations. For example,
increased intensity of rainfall events may lead to more sedimentation in rivers, increasing
maintenance requirements for hydropower turbines, as well as requiring dredging of reservoirs to
maintain active volumes.
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Figure 1: Seasonality of hydropower resource, modelled over a 10-year period using
historic data

Hydropower on the mainstream of rivers is generally run as baseload supply, running according to
the river. However, if these run of river hydropower assets were to provide peaking output, river
fluctuations would lead to erosion and loss of the riverbanks.

Creation of new hydropower plants impacts land use, traditional income as well as fish availability,
biodiversity, and river flows. The cost for new hydropower plants is also rising, because the most
cost-effective sites have already been developed.

Electricity consumption in Cambodia and Laos is currently around 1 MWh per person per year (/c.
p.a.), while in Thailand and Vietnam it is around 3 MWh/c. p.a. (this compares with around 9
MWh/c. p.a. in Singapore and Australia).

Rising living standards, and the rise of new demand such as from data centres and cryptocurrency
mining, have increased demand rapidly over the past decade, occasionally leading to shortfalls in
electricity supply, particularly in the dry season. By 2036, electricity demand in Thailand is
projected to reach 9 MWh/c. p.a.
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Cambodia, Laos, Thailand and Vietnam each have a net zero emissions targets. The “ratchet”
provision in the Paris Agreement, and the rapid cost declines for solar PV, is likely to mean that net
zero targets will be strengthened over the coming years.

Demand for renewables in the region is strong. For example, Singapore has opened a tender
process to contract up to 5GW of “firmed renewables”, while multinational companies operating in
the region are seeking to procure renewably generated electricity to improve their sustainability
credentials.

What scale of infrastructure might be needed to provide renewable electricity to these four
countries?

Solar irradiation in these countries is generally excellent by global standards (and certainly superior
to Germany and other European countries). While the monsoon brings a definite seasonality to
solar resources, wet season solar in the Mekong is stronger than winter solar in Melbourne,
particularly because being close to the equator means that daylight hours do not vary significantly
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Figure 2: Solar resource from the Global Solar Atlas, and wind resource from the
Global Wind Atlas.

Wind potential in the Mekong is more limited. It is available in the mountains of Laos and Vietnam,
with significant off-shore wind resources in Vietham, and some on- and offshore wind in Thailand.

Pumped hydro energy storage is the cheapest form of bulk electricity storage. By leveraging site
selection, very low-cost sites can be developed to support extremely low-cost solar. For example,
the cost per unit of energy storage for Snowy 2.0 will be approximately USD 23/kWh, . and there
are many sites in the Mekong region that could provide cheaper storage than Snowy 2.0. In
contrast, the cost of batteries for energy storage remains significantly higher, currently at
approximately USD 300/MWh.

Apart from energy storage, pumped hydro provides real inertia to the grid, and is an important
source of fault level current, which is needed to ensure that protection devices trip when there is a
fault on the grid. Currently, grid-forming inverters cannot provide this service.

However, the cost of power capacity in pumped hydro systems is higher than that of batteries, due
to the modular and commodified nature of inverters versus more specialised and site-specific
pump turbines.
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Thus, combining pumped hydro and batteries to form a suite of hybrid storage leads to better grid
reliability and efficiency at a lower cost. Lower-powered pumped hydro can trickle charge grid-
scale batteries, allowing sufficient power capacity to be available during morning and afternoon
peaks.

To ensure grid stability, the storage to back-up a solar and wind dominated grid must be designed
for the “most difficult” times. These constrained times in Australia would likely be during wind or
solar lulls in winter. In Southeast Asia, they would be during the dry season currently, and then as
the solar share grows, lulls in generation will be more likely to occur during the wet season.

The ANU FIRM electricity balance model was used to calculate a grid mix using ten years of
historic solar and wind generation data, combined with modelled hydro data from the same period.
One hourly time frames were modelled. This model is publicly available on GitHub. Global average
costs per kW installed from 2023 for solar PV, onshore and offshore wind were used. Historic
hydro costs of USD60 /MWh were used, based on data from the Mekong River Commission.

Costs for gas infrastructure must be investigated further, as must gas transport infrastructure. The
figure used in this initial study was USD1000/kW. Interviews on Energy Insiders indicated that new
gas infrastructure costs are now more than double this figure, due to scarcity in the gas power
plant manufacturing industry. Computing limitations meant that the implications of this must be
investigated in the future.

The FIRM model inputs all parameters and solves more than a thousand solutions, aiming to
minimise the levelised cost of electricity (LCOE).

Table 1: Scenarios, contents of the scenarios, and the calculated LCOE USD/MWh

Scenario | Included LCOE
(USD/MWh)
Baseline | Solar, wind, pumped hydro, batteries within the four countries 67
Imports | All of the above + imports allowed from Myanmar, Malaysia, 63
China capped at 10 GW
Gas All of the above + gas allowed 56

The LCOE for even the 100% renewables scenario is lower than the cost of new hydropower in the
region.

The modelling parameters ensured sufficient “firmed” electricity generation to achieve net zero.
This required meeting a total of 2,015 TWh of demand per annum. Due to the excellent solar
resources, solar dominated the results. The current high global average cost of offshore wind
meant that it was not deployed in the baseline scenario, and only a small amount was deployed in
other scenarios. Further cost falls would increase these figures, as offshore wind is often available
overnight. current costs, batteries were not yet deployed in large quantities.

Table 2: Capacity and generation for generation and storage technologies for
baseline, imports, and gas scenarios

Scenario Solar Wind Wind RoR Gas | Pumped Pumped | BESS | BESS
total GW | onshore | offshore Hydro (GW) Hydro Hydro GW | GWh

GW GW GW GW GWh
Baseline 1,346 288 0 50 - 320 6955 2 1.8
Imports 1,209 275 0.1 50 - 296 5713 2 5.6
Gas 775 322 0.7 50 81 222 3513 47 0.3
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Scenario Total RoR Solar Wind Wind Total Gas
demand Hydro TWh | onshore | offshore imports TWh

TWh TWh TWh TWh TWh
Baseline 2062 154 2017 1054 0.1 -
Imports 2062 154 1813 1017 0.2 69.6 -
Gas 2062 154 1166 1193 2.8 50.9 57.2

Similar to the current AEMO ISP, some peaking gas was deployed to provide around 4% of total
energy. This gas could be replaced with flexible hydro generation, demand management, load
shifting, or more batteries as costs fall.
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Figure 3: Indicative generation curves for the baseline all renewables scenario,
showing solar overgeneration, and spillage. This figure shows six-days in the wet season.
The current hydro generation is dwarfed by the sheer increase in overall electricity demand.

For context, the 2024 AEMO ISP projected 650 GWh of energy storage to serve 313 TWh of load.
This work projects up to 7000 GWh of storage to serve 2000 TWh in a solar dominated system.
More than 100 times the required pumped hydro resource is available within these four countries.

Solar farms can be supplemented with rooftop solar, carpark solar, solar on schools, hospitals,
degraded land such as retired mine sites or landfill, and with agrivoltaics. Many valuable crops,
such as shitake mushrooms and matcha tea, thrive under partial shade conditions.
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