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Abstract  

This report has been developed as part of the International Energy Agency (IEA) 
Digital Demand-Driven Electricity Networks (3DEN) initiative to examine the 
growing importance of demand flexibility in electricity systems amid rising 
demand, increased renewable energy integration and the electrification of power 
systems. Case studies in chronological order to examine the changing role of 
demand flexibility over time from South Africa (2025), Thailand (2030) and Ireland 
(2035) demonstrate how demand flexibility improves reliability, reduces costs, 
supports renewables integration and manages network constraints. To realise 
these benefits, the report emphasises the role for smart technologies, inclusive 
policies, regulatory reforms and consumer engagement to scale flexibility and 
move away from emergency interventions, towards a more strategic and efficient 
system capability. 
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Executive summary 

Power systems are changing rapidly, increasing the 
value of flexibility for all types of grids 

Electricity systems are undergoing rapid structural change. Demand is rising 
quickly – nearly twice the average pace of total energy demand growth over the 
past decade and around 3% in 2025 alone. Electrification of transport, heating, 
cooling, industry and digital infrastructure is increasing electricity demand, while 
low-emissions sources could provide around half of global electricity generation 
by 2030. As these trends accelerate, global electricity demand could double by 
2035, with short-term flexibility in the Stated Energy Policies (STEPS) scenario 
growing between two and seven times depending on the region.  

Historically, power systems have been designed around the principle that 
supply follows demand. However, demand itself can increasingly contribute to 
efficient system operation. Digitalisation, connected technologies and new market 
arrangements are creating opportunities for electricity demand to respond to 
system conditions, helping to maintain reliability, reduce costs, integrate 
renewable energy and defer investment in infrastructure. 

The recent energy crisis has reinforced the importance of resilience from 
energy shocks. In 2026, disruption to almost 20% of global liquefied natural gas 
trade pushed gas prices up by around 50%, highlighting the risks of relying solely 
on fuel-based flexibility. Demand-side measures, including energy efficiency and 
demand flexibility, could increasingly contribute to energy security, affordability 
and resilience. 

Demand flexibility is already delivering value today 
This report, part of the IEA Digital Demand-Driven Electricity Networks 
(3DEN) initiative, examines how the role of demand flexibility could evolve 
through three case studies representing different stages of power system 
development: South Africa in 2025, Thailand in 2030 and Ireland in 2035. These 
case studies illustrate how electricity demand could develop over time from 
passive load into an active system resource. 

Demand flexibility is already reducing the cost of managing peak electricity 
demand. In South Africa, demand flexibility measures have already avoided 
around 1.5 GW or 5% of annual peak demand. During periods of high demand, 
this has reduced peaking generation requirements by up to 20%. Although this  
 

https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
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generation contributes only around 1.4% of annual generation in South Africa, it 
accounts for approximately 14% of total system operating costs, illustrating how 
targeted reductions in peak demand can deliver important savings.  

Demand flexibility also strengthens reliability during periods of system 
stress. In South Africa, the highest 3% of demand occurs during just 0.1% of the 
time. Demand flexibility programmes with large energy users have helped mitigate 
emergency load shedding through limited operation, supporting economic activity 
that would otherwise have been interrupted.  

Over the coming decade, demand flexibility could 
become a core tool for efficient power systems  

While demand flexibility is delivering value today, its most significant impact 
could lie ahead. With accelerating electrification, digitalisation and uptake of AI, 
flexibility could evolve from an infrequently used reliability tool to a routine 
operational capability that supports day-to-day system optimisation. 

Demand flexibility could help manage electrification growth and get more 
out of existing infrastructure. In Thailand by 2030, mainly industrial flexibility 
could lower national peak demand by up to 13%. This could help manage rising 
demand for cooling, with every one-degree increase in temperature today adding 
around 1 GW to peak demand. Flexibility could play a crucial role in managing this 
by freeing up to 15% of transmission capacity on many network corridors, but 
increasing flows on some network lines underscores the need for stakeholder co-
ordination of flexibility activation.  

Other benefits include supporting greater uptake of renewable energy and 
reducing costs from fossil fuel generation. In Ireland, by 2035, the ambitious 
roll-out of flexibility technologies could reduce total energy system costs by up to 
10%, lower fossil fuel dispatch, reduce renewable curtailment and strengthen 
energy security by mitigating exposure to volatile fuel prices. Demand response 
ready heat pumps could electrify the heating of around 170 000 additional homes 
without immediate transmission network reinforcement – the equivalent of nearly 
half of Ireland's current residential retrofit target.  

The value of demand flexibility is highest when alternative sources of 
flexibility are limited. With Ireland in 2035 expected to have around five times 
more battery storage capacity relative to demand than Thailand in 2030, the 
marginal value of additional demand flexibility could be greater in Thailand. 
Determining the appropriate role of demand flexibility therefore requires 
quantifying the additional benefits demand flexibility can have, overall system 
needs, the availability and cost of alternative resources, and the factors that 
influence consumer participation and response. 
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The largest flexibility opportunities lie with specific end 
uses and not necessarily those with the most demand 

Not all electricity demand is equally flexible. The greatest opportunities for 
flexibility are often found in specific end uses rather than in the largest electricity-
consuming sectors. In South Africa today, most flexibility is provided by industrial 
users. However, IEA analysis shows that equipping hot water systems in just 10% 
of homes with smart controls could unlock an additional 600 MW of peak demand 
reduction, which is the equivalent to a large power station. 

Electric vehicles (EVs) offer significant flexibility potential. In Ireland by 2035, 
both transport and heating sectors could provide a similar amount of flexibility, yet 
heating demand might be two-and-a-half times larger than transport demand. This 
reflects the high shiftability of EV charging compared with heating, which can be 
more constrained by thermal comfort. More efficient buildings could also enable 
an additional 15% reduction in renewable curtailment through heating flexibility, 
underscoring the mutually reinforcing nature of energy efficiency and flexibility. 

Realising flexibility will depend on digitalisation and 
participation 

Significant flexibility resources remain untapped in many countries. Scaling 
up the potential benefits would require accelerated deployment of smart 
technologies to monitor, communicate and control electricity demand. Smart 
meters, energy management systems, aggregation platforms, connected devices 
and AI-enabled analytics are needed for modern flexibility programmes. 
Increasing the scope for automated flexibility would make consumer trust and 
acceptance just as important as the underlying technologies themselves. 

Interoperability is crucial to making the most of new and existing flexible 
technologies. For Ireland by 2035, the modelled flexibility would require 
substantial growth in enabling technologies, including an eleven-fold increase in 
smart EV chargers – making up around 70% of total chargers – and a four-fold 
increase in smart thermostats connected to flexible heat pumps. This could allow 
electric transport and heating technologies to provide around two-thirds of 
flexibility potential in Ireland by 2035. 

Demand flexibility could lower operating costs, infrastructure investment, 
and peak demand, improving affordability for all consumers. Well-designed 
flexibility programmes could reduce operational costs in both Thailand and Ireland 
by around 10%. However, not all consumers might be able to participate equally 
in flexibility programmes, so careful policy design is needed to avoid penalising 
households less able to shift demand. If deemed a part of wider policy priorities, 
targeted support would be needed to more broadly share participation benefits. 
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Scaling up flexibility now depends on policy, planning 
and market design to address implementation risks 

For proven digital technologies, scaling up demand flexibility will be a policy 
and market design challenge. Demand flexibility-ready and interconnected 
devices are commercially available and are increasingly deployed globally. 
However, planning and market processes can often exclude demand flexibility 
despite its potential to improve system efficiency and reduce costs. 

Successfully scaling up flexibility requires addressing implementation risks 
like consumer uptake and cybersecurity. If more interconnected and consumer 
operated devices are to play a more central role in power systems, it could 
increase cyber-risk, but also system dependence on consumer participation. 
Management of these risks will influence the extent to which demand flexibility 
could reliably provide grid services. 

Better understanding of demand flexibility potential, costs and system value 
can help countries determine its role in future power systems, alongside 
efficiency, generation, networks, and storage. This report shows how flexibility 
could become an increasingly important component of modern electricity systems 
by managing growing demand, integrating renewables and improving system 
efficiency. Realising this value at scale may depend on the extent to which 
flexibility is considered in planning, investment and policy decisions through 
improved valuation methodologies and enabling regulatory frameworks. 
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Chapter 1. The strategic role of 
flexibility in the Age of Electricity 

Power systems around the world are undergoing a period of rapid structural 
change. Long-established assumptions about how electricity systems are 
planned, operated and financed are being challenged by rising demand, changes 
to generation mixes, digitalisation and renewed energy market volatility. Electricity 
systems are entering a new phase that can be characterised by rising demand 
from economic development and the electrification of end uses, as well as by 
growing shares of variable renewable generation and increasing exposure to 
disruptions. 

Rising demand and changing supply dynamics 
Electricity grew at around 3% in 2025 – twice the rate of overall energy demand 
in the last decade – and it is set to increase by as much as 50% in the coming 
decade. The buildings sector is the single largest sector contributing to demand 
growth, accounting for almost 45% of the total, driven by increased uptake of air 
conditioners (ACs) and heat pumps, as well as the rise of data centres. Recent 
policies introduced across several economies in response to the ongoing global 
energy crisis are also accelerating electrification in buildings and transport, 
particularly through support for electric vehicles, heat pumps and electric cooking 
technologies. In 2026, it is expected that almost 30% of new cars sold worldwide 
will be electric. In 2025, solar photovoltaic emerged as the leading driver behind 
the expansion of global energy supply, contributing more than 25% to the overall 
increase in energy. As these trends continue, low-emissions sources are set to 
generate more than half of all electricity globally by as early as 2030.  

The importance of flexibility to meet new grid challenges 
The above trends are fundamentally changing how power systems are planned 
and operated. Managing when and where electricity is used is increasingly 
becoming as important as managing how much electricity is generated. At a global 
level by 2035, modelled demand for short-term flexibility could increase by two to 
seven times from today, according to the IEA Stated Policies (STEPS) scenario. 
The appropriate mix of flexibility resources will differ across power systems, 
reflecting local demand patterns, generation mixes and network constraints, and 
will ultimately depend on national policy and system planning decisions. 
Traditional supply-side responses are effective at responding to increased  
 

https://www.iea.org/news/global-energy-demand-growth-was-met-by-diverse-range-of-sources-in-2025-led-by-solar-and-then-gas
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/global-ev-outlook-2026
https://www.iea.org/news/global-energy-demand-growth-was-met-by-diverse-range-of-sources-in-2025-led-by-solar-and-then-gas
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/global-energy-and-climate-model/stated-policies-scenario-steps
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demand to ensure security of supply, but they can be slow to deploy, and capital-
intensive. Demand flexibility, however, offers a complementary approach that 
could be mobilised faster and scaled more incrementally. 

Modelled short-term flexibility growth for selected countries in the IEA Stated Policies 
(STEPS) scenario, 2024 and 2035  

 
IEA. CC BY 4.0. 

Notes: EVs = electric vehicles; solar PV = solar photovoltaics. Short-term flexibility is the average hourly ramp of the residual 
load for the top 100 hours, divided by average electricity demand. Thermal includes fossil fuels, nuclear, bioenergy, hydrogen 
and ammonia. Curtailment refers to the curtailment of wind and solar PV generation. 
Source: IEA (2025), World Energy Outlook. 
 

Understanding the different sources of value 
from demand flexibility 

Demand flexibility creates value through various mechanisms, which affect 
different aspects of the electricity system. Similarly to the benefits of energy 
efficiency, many sources of value can arise through improved utilisation of existing 
infrastructure and avoiding additional system costs, but flexibility is concerned 
more with shifting the timing of demand rather than the amount of it. 

In the short term, demand flexibility can reduce operating costs by lowering the 
use of high-cost generation during periods of system stress. Avoiding or reducing 
the operation of peaking plants can lower fuel consumption and reduce wholesale  
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electricity expenditures during high price periods. These benefits are often 
realised immediately and are most visible in systems facing tight supply margins 
or high fuel prices.  

In the medium to long term, the largest economic value of demand flexibility often 
comes from reducing or delaying the need for additional infrastructure. Digital 
technologies could defer an estimated USD 1.8 trillion of grid investment through 
to 2050. By lowering peak demand, relieving local network constraints and 
enhancing the use of existing assets, flexibility can optimise investment in 
generation capacity, electricity networks and storage. 

Demand flexibility can also create value through improved utilisation of low-cost 
electricity generation, building on the above benefits for efficiency. Shifting 
demand to periods of high renewable output can reduce renewable curtailment, 
lower fossil fuel consumption, relieve network congestion and improve the 
efficiency of the system. In systems with growing shares of variable renewable 
generation, these benefits can become increasingly important over time. 

The distribution of these benefits varies across stakeholders. Through improved 
reliability, lower operational costs, reduced investment requirements and lower 
emissions, overall costs can be reduced for system and network operators. This 
should translate into consumer cost savings depending on cost recovery 
mechanisms, meaning not all consumers need to participate directly in flexibility 
programmes to benefit from them. The greatest cost savings would however 
accrue for participating households or businesses, which could raise issues of 
fairness.  

Realising these benefits is however not without cost. The extent of these benefits 
will depend on comparison with cost of enablers and how they compare with 
alternative investments in generation, networks, and storage. The value of 
demand flexibility ultimately depends on whether the system benefits exceed the 
costs of enabling, operating and maintaining flexibility resources, and what role 
policy makers decide it should play in future power systems. 

The value of flexibility is elevated by 
affordability and energy security concerns 

Affordability considerations are taking centre stage. Electricity prices in many 
regions have remained elevated in recent years compared with long-term historic 
price trends. In countries with liberalised electricity markets, where a marginal, or 
“pay-as-clear”, pricing system exists, the highest-cost generator needed to meet 
demand sets the market price for all electricity dispatched during a set period.  

https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
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Following the Russian Federation’s full-scale invasion of Ukraine in 2022, gas 
prices reached unprecedented levels, driving up electricity prices in markets 
where gas frequently sets the market price. Although prices later declined, they 
nevertheless remained around double the pre-crisis levels. 

The recent conflict in the Middle East has led to renewed volatility in fuel markets. 
Oil prices recorded their largest ever monthly increase in March 2026. The loss of 
almost 20% of global liquefied natural gas supply following the effective closure of 
the Strait of Hormuz distorted short-term gas markets and has driven prices in 
Asia and Europe to their highest levels since the 2022-2023 energy crisis.  

The oil crises of the 1970s also triggered price spikes, but this resulted in major 
advances in energy efficiency, strategic fuel diversification and the creation of new 
institutions, including the IEA, to shore up energy security. The recent conflict in 
the Middle East, which created a situation more serious than the energy crises of 
1973, 1979 and 2022, underlines the untapped value of demand-side measures 
such as energy efficiency and demand flexibility to insulate against supply shocks.  

Accelerated electrification as a crisis response tool 
Government actions recorded in the IEA 2026 Energy Crisis Policy Response 
Tracker indicate that electrification is increasingly being considered as a near-term 
energy security and affordability measure. In response to the energy crisis 
resulting from the recent war in the Middle East, several countries introduced 
measures to accelerate the electrification of transport, heating and other end uses 
to help reduce exposure to volatile fossil fuel markets.  

Governments have continued to adapt their policy responses to dynamic 
circumstances. France has expanded its national electrification plan, with support 
for electric vehicles and a target of one million annual heat pumps installations by 
2030. The United Kingdom increased grants to electrify residential heating, as well 
as taking measures to improve the economics of electrification by lowering the 
electricity-to-gas price ratio. Emerging markets and developing economies 
(EMDE) are also acting. Cambodia reduced import duties on electric vehicles, 
chargers, electric motors and electric cooking appliances, while Viet Nam 
extended tax reductions through to 2030 and registration fee exemptions for EVs 
through to 2027.  

While electrification and the integration of low-cost clean energy can contribute to 
affordability and energy security, it could also increase peak electricity demand. 
This growth will accentuate the need for demand-side flexibility to manage growing 
loads while at the same time maintaining reliable and affordable power systems. 

https://www.iea.org/commentaries/european-gas-market-volatility-puts-continued-pressure-on-competitiveness-and-cost-of-living
https://www.iea.org/reports/oil-market-report-april-2026
https://www.iea.org/reports/gas-market-report-q2-2026
https://www.iea.org/reports/gas-market-report-q2-2026
https://www.iea.org/about/oil-security-and-emergency-response
https://www.iea.org/data-and-statistics/data-tools/2026-energy-crisis-policy-response-tracker
https://www.iea.org/data-and-statistics/data-tools/2026-energy-crisis-policy-response-tracker
https://www.ecologie.gouv.fr/sites/default/files/documents/20260423_DP_PLanElectrification.pdf
https://www.gov.uk/government/news/decisive-action-to-break-influence-of-gas-on-electricity-prices
https://www.gov.uk/government/news/decisive-action-to-break-influence-of-gas-on-electricity-prices
https://www.thestar.com.my/aseanplus/aseanplus-news/2026/03/30/cambodia-eases-tariffs-on-green-energy-products-amid-oil-and-gas-crisis
https://english.news.cn/asiapacific/20260329/30dc072609ff48fb886e969c09e3dad4/c.html
https://www.reuters.com/legal/transactional/vietnam-plans-extend-tax-incentives-evs-until-2030-2026-04-20/
https://www.vietnam.vn/en/chinh-phu-dong-y-ap-dung-mien-le-phi-truoc-ba-voi-o-to-dien-den-nam-2027


Scaling Up Demand Flexibility  Chapter 1. The strategic role of flexibility 
From peak management to efficient system operation in the Age of Electricity 
 

PAGE | 16  IE
A.

 C
C

 B
Y 

4.
0.

 

Key types and enablers of demand flexibility 
Demand flexibility can be divided into two main mechanisms: peak shaving, which 
is more widely used today, and load shifting, which is increasingly the focus of 
pilot projects around the world. Understanding these components is essential in 
assessing where flexibility could be realised in practice. Demand flexibility can be 
either implicit, through indirect consumer responses to price signals (e.g. 
time-of-use [ToU] tariffs), or explicit through agreed and verified dispatch signals.  

How peak shaving and demand shifting work in response to activation signals 

 
IEA. CC BY 4.0. 

 

The potential for electricity demand to become flexible and available to the grid 
will depend on interactions between end-use technologies, digital infrastructure, 
consumer participation and market arrangements.  

 Shiftability of end-use technologies: the ability of loads to be flexible depends 
on the end use and technology, which is generally higher where operation can be 
shifted without affecting service quality. Water heaters and air conditioners (ACs) 
have long been used in peak shaving programmes, while newer technologies like 
EVs are providing more diverse options. The amount and timing of this shiftability 
can vary with the type of technology, thermal inertia, storage capacity and 
operational constraints.  
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https://digital-library.theiet.org/doi/abs/10.1049/piee.1975.0260
https://www.epri.com/research/products/1020124
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 Controllability by means of digital infrastructure: the share of load that is 
connected to communicable equipment, including the hardware needed to record 
data, seamlessly transfer data between stakeholders, and control end uses. 
Technologies are increasingly being designed as demand response ready, with 
flexibility capabilities built in. Increasingly sophisticated control algorithms and AI-
enabled optimisation could improve the device responsiveness while maintaining 
consumer comfort and service quality. 

 Consumer participation and acceptability: the willingness of end users to own 
connected appliances, and participate to programmes shift demand, whether 
manually or without overriding automatic activation. The ability of households and 
businesses to shift demand varies on demographic factors, consumer trust in 
institutions, the ability to override device functions and the timing of requests. For 
commercial and industrial users, this ability to shift demand will depend on 
personnel capacity, organisational aspects and other industry-specific constraints. 
The distinction between shedding and shifting can also vary by end user. 

 Market arrangements: how flexibility is included, regulated and renumerated in 
electricity markets. Simplest of these are ToU tariffs to deliver limited implicit 
flexibility, but other mechanisms are needed to go further. Compensation for 
participation in peak shaving or demand shifting can be supported by including 
flexibility in the real-time grid services, particularly with stacking of revenue from 
different programmes. A competitive market for demand aggregation can ensure 
that the revenue that arises from supporting the grid can filter through to 
consumers.  

Key enablers of flexible demand 

 
IEA. CC BY 4.0. 

Note: AC = air conditioning; BESS = battery energy storage systems; EVs = electric vehicles; ToU = time-of-use (tariffs); 
VSD = variable speed drive.  
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https://www.iea-4e.org/edna/publications/demand-flexibility-protocols/
https://userstcp.org/wp-content/uploads/2023/03/USERS-TCP-A4-SLA-POLICY-BRIEF-1-160524-update.pdf
https://www.ferc.gov/sites/default/files/2024-11/Annual%20Assessment%20of%20Demand%20Response_1119_1400.pdf
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Moving from emergency demand response to 
strategic system capability 

Historically, demand flexibility has been mainly used as an emergency resource, 
activated during periods of system stress or supply shocks, with many demand 
response programmes originating from the energy crises of the 1970s. More 
recently, up to 9% of peak demand in major economies has been managed by 
peak shaving programmes. The ongoing energy crisis has again prompted 
countries to take peak demand measures. Korea, for example, has issued 
guidance to reduce peak electricity demand through flexibility and is encouraging 
citizens to charge electric vehicles and other devices during the day or late at 
night, rather than during evening peak hours.  

Explicit demand response capacity as a percentage of the peak load for selected 
electricity systems, 2023-2025 

 
IEA. CC BY 4.0. 

Note: Values represent explicit demand response capacity (contracted or technically available) as a share of each system’s 
peak load. 
Sources: IEA analysis based on data from EirGrid (2024), Terna (2024), KPX (2025), RTE (2024), EIA (2025) and Eskom 
(2025). 
 

Alongside these more traditional peak reduction measures, governments are 
shaping how electrified demand is deployed to support future system flexibility. 
The 2026 energy crisis has seen Australia announce new funding for an 
EV charging infrastructure and the electrification of postal delivery fleets, while the 
Lao People’s Democratic Republic has prioritised charging and battery-swap 
infrastructure for electric freight transport. Such measures have implications  
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https://www.iea.org/reports/electricity-2026
https://www.straitstimes.com/asia/east-asia/south-koreas-lee-calls-for-energy-saving-campaign-including-shorter-showers-car-curbs
https://www.reuters.com/business/energy/south-koreas-lee-calls-energy-saving-campaign-including-curbs-cars-2026-03-24/
https://consult.eirgrid.ie/en/consultation/draft-annual-electricity-transmission-performance-report-2023-and-draft-investment-planning-and
https://www.terna.it/en/sustainability/responsible-business-practices/relations-sector-operators
https://www.kpx.or.kr/
https://assets.rte-france.com/prod/public/2024-10/2024-10-01-bilan-surete-2023-en.pdf
https://www.eia.gov/electricity/annual/pdf/epa.pdf
https://www.iea.org/data-and-statistics/data-tools/2026-energy-crisis-policy-response-tracker
https://budget.gov.au/content/01-fuel-supply-and-security.htm
https://kpl.gov.la/En/detail.aspx?id=97777
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beyond fuel switching given that digitally connected end uses such as electric 
vehicles, heat pumps and battery systems could increasingly provide controllable 
and shiftable demand resources for the power system. 

As systems become more electrified and decentralised, demand flexibility could 
evolve into a structural capability to support improved day-to-day system 
efficiency, resilience and investment optimisation as opposed to acting as a last-
ditch effort to manage grids. Realising this transition would require increasingly 
sophisticated forecasting, optimisation and control capabilities capable of 
co-ordinating large numbers of distributed energy resources in real time. This 
could have a wide range of system benefits as detailed in the recent IEA 
publication The Value of Demand Flexibility. 

Yet despite growing recognition of its potential, deployment of demand flexibility 
remains irregular. In many countries, regulatory frameworks, digital infrastructure, 
market arrangements and institutional capabilities have not evolved at the pace 
required to scale up flexibility at scale.  

Governments and system operators will ultimately determine the future role of 
demand flexibility in power systems. For wider deployment, better evidence on the 
resource, costs, risks and system value would support decision making. 
Assessments based on demand data and forward-looking scenarios can help 
quantify opportunities, inform planning processes and enable flexibility to be 
considered alongside supply-side options. Such assessments can also help 
identify where demand flexibility offers the greatest value and where alternative 
resources may provide a more cost-effective solution. Consideration of factors 
such as consumer participation, delivery risks and cyber security may also help 
policy makers assess the circumstances under which demand flexibility can 
provide value relative to alternative resources. 

https://www.iea.org/reports/the-value-of-demand-flexibility
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Chapter 2. Case studies 
representing different stages of 
flexibility development 

To better understand and quantify the value of demand flexibility, this report 
presents three case studies anchored in specific countries and time frames. 
Each case study describes different system configurations, illustrating how 
demand flexibility is currently used, its evolution in the near term and what it could 
deliver if scaled up over the next decade. 

Illustration of three country case studies and time frames in this report, 2025-2035 

 
IEA. CC BY 4.0. 

Note: The benefits and end uses are not exclusive to each country case study. 
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The three case studies selected for this analysis illustrate how the role of demand 
flexibility may evolve as power systems change. In the case of South Africa, 
flexibility is primarily used to manage reliability risks and reduce peak demand 
during periods of system stress. The case of Thailand illustrates a transition 
towards broader market-based flexibility alongside ongoing electrification and 
demand growth accelerate. Ireland represents a stage where flexibility becomes 
increasingly integrated into the routine operation of a highly digitalised and 
electrified power system. 

 South Africa in 2025 represents the most established approach to demand 
flexibility. Programmes focus on emergency peak shaving, where peak demand is 
reduced for a few hours of the year through contracts with large energy users, and 
increasingly with other sectors. Although the duration is short, they target periods 
of extreme system stress and high marginal costs, where even modest reductions 
in demand have had large impacts on system reliability, energy security and costs. 

 Thailand in 2030 reflects approaches that are emerging today. As electricity 
demand grows and new end uses are electrified, digitalisation enables more 
frequent and structured interaction between grid signals and demand. Pilot 
projects play a key role in building experience, particularly in aggregating specific 
end uses to participate in load flexibility programmes. Such examples highlight 
how countries might move beyond one-off interventions towards the more routine, 
cost-effective use of demand flexibility. 

 Ireland in 2035 represents longer term ambitions. As the power system integrates 
higher levels of renewables, the need for affordable flexibility increases 
significantly. At the same time, the more widespread deployment of connected 
devices will enable demand-side resources to participate across multiple grid 
services. Combining and “stacking” revenue from these services will allow 
participants to capture greater value, helping to drive higher uptake and ultimately 
making demand flexibility into a core component of system operation rather than 
a marginal tool. 

 

These case studies combine IEA modelling and in-country data, integrating 
system modelling with observed operational experience and policy analysis. The 
focus is on quantifying the value that demand flexibility could provide to power 
systems and what policy supports may be required. Case studies draw on national 
datasets, stakeholder inputs and detailed sectoral assumptions to reflect local 
system characteristics, while applying consistent analytical approaches to enable 
comparison across contexts. They do not assess the full costs of deploying 
flexibility measures, which can vary significantly across technologies, end uses 
and jurisdictions, but it would be necessary to perform a full assessment of the 
cost-effective demand flexibility resources available to a country.  
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Chapter 3. Demand flexibility 
today: The case of South Africa, 
2025 

Why flexibility matters 
Today, the primary value of flexibility lies in its ability to address immediate system 
stress. Electricity demand growth, and delays in delivering new generation and 
network infrastructure, are increasing pressure on power systems. These 
pressures increase the value of demand flexibility in avoiding service interruptions, 
managing peak demand and containing operational costs, which is not limited to 
systems with high shares of renewables or widespread electrification. 

Globally, the main driver for demand flexibility today is 
system security  

In advanced economies, many thermal generation fleets are ageing, with declining 
availability and rising maintenance costs. Alongside growing electricity demand 
and plant retirements, this has increased the likelihood of unplanned outages and 
reduced operational margins as highlighted by reviews in France and Australia. 
Peak demand periods, though infrequent, place disproportionate stress on power 
systems and determine the scale of required capacity. Peaking plants, which 
operate for brief periods over the year, can carry high operating costs, amplified 
by fuel price volatility, raising system operating costs at periods of greatest stress. 

In many systems, historic underinvestment energy infrastructure, combined with 
long lead times for new assets, has strained the ability of supply-side solutions to 
respond quickly to emerging reliability risks. New generation and network 
investments are capital intensive and typically require many years to plan, permit 
and build. Wait times for new gas turbines are now up to five years in some Asian 
economies and a minimum of six years in the United States. Utility-scale batteries 
are, however, rapidly emerging as a cheaper alternative of daily flexibility that 
could be deployed in a matter of months. 

Today, demand flexibility remains limited in scale and 
participation at the global level 

Power system flexibility is currently dominated by supply-side resources. 
Historically, thermal generation and hydropower have provided the bulk of short-
term balancing, ramping and reserve services that have kept electricity systems 

https://www.vie-publique.fr/rapport/300993-la-maintenance-du-parc-electronucleaire-d-edf-en-france-cour-des-comptes?eml-publisher=NL_BRP&eml_name=NL_BRP-557-251218
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/inputs-assumptions-methodologies/2020/aep-elical-assessment-of-ageing-coal-fired-generation-reliability.pdf
https://ieefa.org/articles/global-gas-turbine-shortages-set-increase-delays-and-costs-gas-power-projects-vietnam-and
https://www.infrastructureinvestor.com/the-gas-turbine-crunch-why-supply-wont-meet-demand/
https://www.iea.org/reports/batteries-and-secure-energy-transitions
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stable. However, the role of battery storage has grown in recent years, now 
accounting for around 10% by energy of short-term flexibility.  

Demand flexibility is currently constrained in scope. It functions mainly as a 
reliability and cost-containment tool, deployed at expensive peak demand periods. 
Delivery mechanisms are often manual or analogue, relying on direct instructions 
and simple control technologies, with participation concentrated among large 
industrial and commercial users. Implicit and more broadly distributed flexibility 
through time-of-use (ToU) tariffs for smaller users has also contributed but has not 
reached its full potential. Wider participation has been constrained by limited digital 
infrastructure, automation, prohibitive regulation and market access. 

Despite only being a small share of annual electricity demand, the 4-9% of peak 
shaving deployed in major economies is comparable to that of peaking generation. 
Large electricity users can reduce or shift peak consumption, helping to avoid 
more costly disruptions like emergency load shedding or blackouts, which cost the 
global economy an estimated USD 100 billion a year or around 0.1% of global 
gross domestic product (GDP). While this contribution is already notable for 
avoiding outages and reducing reliance on high-cost peaking generation, it can be 
fragmented and only partially reflected in planning and policy frameworks.  

South Africa’s power system and demand 
flexibility resources 

In South Africa, demand flexibility has increasingly complemented supply-side 
measures. Coal provides around 80% of electricity, but it’s declining availability in 
recent years has lowered the system’s margins and increased sensitivity to 
periods of high demand. Despite only providing 1.4% of generation for limited high-
stress hours in 2024, peaking generation accounted for around 14% of total 
operating costs, highlighting the potential for reducing or shifting peak demand.  

At peak demand periods, the system has relied on peaking generation to maintain 
stability, with the use of open-cycle gas turbines (OCGT) up by nearly half from 
2025 from 2021 levels, but down 40% from a high in 2024. This response to short-
duration stress carries high operating costs and exposure to volatile gas prices, 
so reduced usage led to expenditure on OCGT generation falling by USD 1 billion 
in 2025 compared with 2024 - around 10% of energy costs.  

The unavailability of generation has historically disrupted electricity supply, 
resulting in emergency load shedding that is estimated to have reduced GDP 
growth in South Africa by around 1.5% in 2023. This economic fallout emphasises 
the role of both demand- and supply-side solutions in managing short-term 
imbalances and limit disruption while longer term investments were implemented 

https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/electricity-2026
https://www.iea.org/reports/electricity-2026
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/countries/south-africa/electricity
https://www.eskom.co.za/wp-content/uploads/2024/12/Eskom-integrated-report-2024.pdf
https://www.eskom.co.za/wp-content/uploads/2025/10/Eskom-integrated-report-2025.pdf#page=9
https://www.eskom.co.za/wp-content/uploads/2023/10/Eskom_integrated_report_2023.pdf#page=13
https://www.eskom.co.za/wp-content/uploads/2024/12/Eskom-integrated-report-2024.pdf
https://www.resbank.co.za/content/dam/sarb/publications/monetary-policy-review/2024/MPROCT2024INTERNET.pdf#page=38


Scaling Up Demand Flexibility  
From peak management to efficient system operation 

Chapter 3. Demand flexibility today: 
The case of South Africa, 2025

PAGE | 24  IE
A.

 C
C

 B
Y 

4.
0.

 

in all sectors. In 2025, Eskom reported an annual reduction of 97% in load 
shedding, due largely to improvements in generation availability, but also 
contracted peak shaving. 

Annual electricity demand, end-use demand and generation output for South Africa, 
2025 

IEA. CC BY 4.0. 

Notes: The difference in sectoral and end-use demand as opposed to supply denotes network losses. Heat demand refers 
to space heating and industrial processes. Other low carbon includes nuclear, hydro, concentrating solar power, landfill gas, 
and biomass. 
Sources: IEA (2025), World Energy Balances; Hughes and Larmour (2020), Residential Electricity Consumption in South 
Africa. 
 

Industry accounts for nearly 60% of annual electricity demand – more than double 
that of the residential sector. Mining is among the largest sub-sectors, but a single 
aluminium smelter also accounts for around 5% of Eskom’s electricity sales. 
Around 80% of industrial energy users have used ToU tariffs since the 1990s. This 
considerable demand, and generally greater sensitivity to prices than other 
consumer types, means industry has a large role in South Africa’s power sector.  

South Africa’s flexibility resource is largely industrial, 
with growing potential for aggregated hot water heating 

South Africa already has one of the most comprehensive demand response 
programmes in an emerging market. Programmes in residential and commercial 
sectors reduce peak demand by up to 2%, with its Demand Management 
Programme illustrating how contracted supply interruptions can be valued using 
estimates of the economic cost of outages. The programme has delivered up to 
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https://www.eskom.co.za/wp-content/uploads/2025/10/Eskom-integrated-report-2025.pdf
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://ebe.uct.ac.za/sites/default/files/content_migration/ebe_uct_ac_za/1135/files/2021%2520Residential%2520Electricity%2520Consumption%2520in%2520South%2520Africa%2520research%2520report.pdf
https://ebe.uct.ac.za/sites/default/files/content_migration/ebe_uct_ac_za/1135/files/2021%2520Residential%2520Electricity%2520Consumption%2520in%2520South%2520Africa%2520research%2520report.pdf
https://www.europesays.com/africa/211763/
https://documents1.worldbank.org/curated/en/099112724131541740/pdf/P174081-8af49927-6058-4d8d-bd16-575ff8ef9d66.pdf#page=55
https://documents1.worldbank.org/curated/en/099112724131541740/pdf/P17408118af49908d1bd161575ff8ef9d66.pdf
https://docs.nlr.gov/docs/fy24osti/88042.pdf
https://www.eskom.co.za/wp-content/uploads/2025/09/State-of-the-System-%E2%80%93-2025-26-Summer-Outlook-Briefing.pdf
https://www.eskom.co.za/wp-content/uploads/2025/09/State-of-the-System-%E2%80%93-2025-26-Summer-Outlook-Briefing.pdf


Scaling Up Demand Flexibility  
From peak management to efficient system operation 

Chapter 3. Demand flexibility today: 
The case of South Africa, 2025

PAGE | 25  IE
A.

 C
C

 B
Y 

4.
0.

 

1.5 GW of peak shaving1, mainly from large industrial consumers, with a smaller 
but significant amount from residential water heaters and pool pumps.  

In the near-term, tripling the historic rollout of a hot water heating controls with 
more advanced control technologies to 1.2 million, or 10%, of households in South 
Africa could unlock 600 MW of additional peak shaving capacity. This resource 
would need to be activated only infrequently to minimise disruption to energy 
services and avoid the risk of flexibility fatigue for participating consumers. Wider 
realisation of flexibility potential across both residential and industrial sectors 
would require appropriate control and metering technologies alongside broader 
market reform. In industry, demand flexibility is relatively mature, particularly in the 
mining sector, but participation could be improved through stronger incentives.  

Technical potential of demand flexibility in South Africa by sector and by end use for 
load shifting (left) and peak shaving (right), 2025 

IEA. CC BY 4.0. 

Notes: Other end uses include residential and commercial cooking, lighting, refrigeration, brown appliances; desalination; 
and data centres, which are currently less suitable for flexibility measures. The current load shifting potential assumes that 
industrial time-of-use tariffs reduce peak demand by 250 MW.  
Sources: IEA analysis based on data from Eskom (2025) and IEA (2025), World Energy Outlook. 
 

Industry has the greatest shifting potential at around 1 TWh annually, reflecting 
both current demand levels and greater technical maturity. South Africa's smart 
meter programme, which aims to install 6.2 million meters by 2029, could enable 
greater implicit flexibility in the residential and commercial sectors. Advanced 
water heating controls offer further shifting potential in the residential sector, where 
the thermal inertia of water tanks makes them well suited to this role. 

1 IEA analysis based on data from Eskom (2025). 
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https://www.sciencedirect.com/science/article/abs/pii/S0360544210007176
https://docs.nlr.gov/docs/fy24osti/88042.pdf
https://www.iea.org/reports/world-energy-outlook-2025
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The value of demand flexibility in South 
Africa  

In South Africa today, demand flexibility has contributed to system reliability and 
has lowered costs. It has reduced service interruptions during periods of system 
stress and displaced the use of high-cost peaking generation by lowering peak 
demand. Analysis of these factors shows how valuable existing flexibility has been 
to the system, but also its potential in the short-term. 

Flexibility can address short-duration system stress 
A small number of peak hours drive a disproportionate share of system capacity 
requirements in South Africa, like many countries. The top 0.1% of demand hours 
accounted for 3.4% of peak demand in 2024, meaning that investment in 
generation and network infrastructure is sized for conditions that occur just a few 
hours of the year. Demand flexibility can give system operators a tool to manage 
short-duration stress without additional supply capacity. Since 2004, Eskom's 
energy efficiency and demand-side management programmes are estimated to 
have reduced peak demand by around 4.5 GW, helping to alleviate pressure on 
the power system during periods of generation shortfall and reducing the need for 
more severe load shedding. Flexibility does not substitute for longer term supply 
investment, but it buffers the system against shocks and reduces the likelihood 
that stress escalates into widespread disruption. 

Load duration curve for South Africa showing the share represented by periods of 
peak demand, 2024 

IEA. CC BY 4.0. 
Source: IEA analysis based on data from Eskom (2025). 
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IEA analysis of peak-shaving potential of electric water heating shows that an 
additional 0.6 GW of peak shaving could be achieved in South Africa on top of the 
existing 1.5 GW in use today by covering 10% of residential properties. Avoiding 
this top 2 GW of peak demand would have needed activation for just 56 hours 
over 20242, but these would be concentrated in higher demand winter months. For 
maximum impact, activation of these resources would be limited to times when it 
is most needed, maintaining utilisation within the limits defined by contracts with 
customers and preventing participation fatigue.  

2 IEA analysis based on data from Eskom (2025). 

Non-firm grid connection agreements as a bridge to network expansion 

To manage network constraints, some grid operators are introducing firm and 
non-firm connection agreements. Firm connections guarantee electricity supply 
year round, while non-firm arrangements allow part of a consumer’s demand to 
be reduced or shifted during limited periods of network stress. This solution can 
allow businesses to connect to the grid earlier, alongside network reinforcement. 
Flexible connection agreements could therefore help bridge the “time-to-power” 
gap between rising electricity demand and the slower pace of grid expansion. 

Limited flexibility could unlock significant capacity and faster connection 

The potential system value is significant. The IEA estimates that non-firm 
connections could unlock 750-900 GW of projects currently in capacity queues. 
Analysis of a flexibly connected 500 MW data shows it could begin operation 
three to five years faster than traditional connection processes. For these 
constrained sites, grid power would be available for more than 99% of the time, 
while on-site flexibility resources would be needed for only 40-70 hours per year. 

Large electricity users can be flexible in operations, but it can be complex 

Large electricity users, such as data centres, are increasingly viewed as 
potential providers of operational flexibility, although this potential can be 
constrained. In March 2026, Google reported contracting 1 GW of demand 
response capability with utility partners in the United States. This capability 
included shifting or reducing portions of electricity demand during periods of 
system stress. Some computing workloads could also be scheduled for periods 
when network conditions are less constrained. 

Such connections nevertheless require new grid users to assess the trade-offs 
between faster connections and lower grid fees, with revenue reductions when 
curtailed. It also requires careful management of issues relating to grid 
utilisation, curtailment uncertainty, cost allocation between grid users and the 
avoidance of discriminatory practices. 

https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Reports/2026/FINAL_ENTSO-E_Data_Centres_260430.pdf
https://www.iea.org/reports/electricity-2026
https://cdn.prod.website-files.com/60dbdcca2e4b1919e8894fa5/6930abf1be0f36db6fc27157_Whitepaper%20-%20With%20Appendix.pdf
https://blog.google/innovation-and-ai/infrastructure-and-cloud/global-network/demand-response-data-center-milestone/
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Peak shaving has provided value outside of crisis 
conditions 

In 2023, reducing demand by large energy users at peak periods helped to 
mitigate the severity of emergency load shedding, enabling power to remain 
available to a higher number of consumers that would have otherwise temporarily 
lost access during supply-side capacity shortfalls. Since 2024, with improvements 
to generation availability, South Africa has continued to operate peak shaving 
programmes more regularly, with more than 95% of peak shaving being offered 
outside of load shedding conditions in 2025. While the peak shaving programme 
was introduced as an emergency measure, it has proven to provide value during 
daily peaks outside of the highest demand periods across the entire year.  

Contracted peak shaving operations compared with periods of normal operation (no 
load shedding) and emergency load shedding in South Africa, 2023-2025 

IEA. CC BY 4.0. 

Notes: The GW of load shedding can also be referred to as a stage – e.g. stage 1 load shedding for 1 GW, stage 2 for 2 GW. 
Source: IEA analysis based on data from Eskom (2025). 
  

The total peak shaving demand contracted in South Africa has remained constant 
over the last three years, but its impact has evolved in the context of the power 
system, keeping costs down during day-to-day operation. System operators have 
passed on this value to participating consumers, with improved reliability for all 
customers. As the power system evolves, so too does the role that flexibility is 
asked to play. 
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Demand flexibility helps manage growth in solar PV 
generation, reducing ramping requirements  

Recent growth of solar PV is reshaping the demand for system flexibility in South 
Africa. Distributed solar PV capacity has more than quadrupled since 2022, with 
around three-quarters of additions in the industrial and commercial sectors, 
increasing the peak net load ramp rate by nearly 50%. Pumped hydro currently 
provides much of the system's ramping capability, but its capacity is finite and 
already heavily utilised. Flexible demand could help fill this gap, complementing 
existing supply-side resources by reducing net load during critical ramping 
periods. South Africa is therefore firmly placed in the second phase of the IEA 
Variable Renewables Integration framework, where growth is already having a 
moderate impact on the system. 

Utility and distributed scale renewable generation (left) and net load, with and without 
demand shifting potential (right) in South Africa, January 2022 and 2025 

IEA. CC BY 4.0. 

Notes: Solar PV = solar photovoltaics. “Other utility renewables” include concentrated solar power, small hydro, landfill gas 
and biomass. The drop in net load overnight is due to average electricity demand in South Africa falling from 2022 to 2025, 
not change in renewable output. 
Sources: IEA analysis based on data from Eskom (2025) and Eskom (2025), Eskom weekly reports. 
 

Utilising the current shifting potential in South Africa could help halve the 2025 
peak ramp rate, freeing up pumped hydro generation for use during other periods 
of the day. South Africa aims to add 20 GW of new renewable capacity by 2030, 
and on shorter timescales than larger generation infrastructure can be developed. 
Demand flexibility could therefore help to manage this integration. Growth in 
renewables increases the value of system flexibility even at the early stages of 
deployment of variable renewable energy, since increased variability in net 
demand places new requirements on system operation. Net load ramping is 
needed as renewable output changes over the course of the day, increasing the 
burden on dispatchable generation and other balancing resources. Demand 
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https://www.iea.org/energy-system/electricity/renewable-integration#power-system-transformation
https://www.iea.org/energy-system/electricity/renewable-integration#power-system-transformation
https://www.eskom.co.za/dataportal/glossary/
https://www.eskom.co.za/eskom-divisions/tx/system-adequacy-reports/
https://www.dmre.gov.za/Portals/0/Energy%20Resources/IRP/IRP%202025/Integrated-Resource-Plan-2025.pdf?ver=o8tx64Is6UjUdYOb4F6kVg%3d%3dhttps://www.dmre.gov.za/Portals/0/Energy%20Resources/IRP/IRP%202025/Integrated-Resource-Plan-2025.pdf?ver=o8tx64Is6UjUdYOb4F6kVg%3d%3d
https://www.iea.org/reports/grid-investments
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flexibility could help smooth these transitions by shifting consumption towards 
periods of higher renewable output or away from steep ramping intervals, avoiding 
a decline in overall system efficiency. 

Contracted peak shaving lowers gas-powered generation 
during peak load 

Small amounts of flexibility can deliver significant cost savings, particularly in 
systems exposed to fuel prices that are particularly volatile for peaking generation. 
In 2024, these peaking resources accounted for around 14% of operating costs for 
the main South African utility, despite generating only 1.4% of the energy. Demand 
flexibility reduces reliance on these marginal units by lowering peak demand or 
shifting consumption to periods when lower cost generation is available.  

Avoided peaking open-cycle gas turbine generation through peak shaving for an 
average day during periods of contracted peak shaving in South Africa, 2022-2025 

IEA. CC BY 4.0. 

Notes: OCGT = open-cycle gas turbine. The analysis assumes that when contracted peak shaving was available, but 
emergency non-contracted load shedding was not occurring, without contracted peak shaving, the equivalent demand would 
be met by peaking OCGT generation from both Esko to avoid load shedding. 
Source: IEA analysis based on data from Eskom (2025). 
 

Demand flexibility has helped contain short-term operating costs by displacing 
more expensive peaking generation during high-stress hours. Since 2022, on days 
where flexible demand was contracted, it has helped South Africa to reduce 
peaking plant generation by around 16% on average over the course of the day, 
and by up to 20% at peak demand periods. With an additional 600 MW peak 
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demand potential, through wider deployment of hot water controls, this effect and 
the cost savings could be even greater. Eskom has made a stated aim of reducing 
the share of OCGT operation in its primary energy costs of USD 10 billion in 2024. 

Non-wire alternatives like flexibility and efficiency could 
reduce the scale and cost of grid expansion 

Demand flexibility and energy efficiency can reduce both the scale and cost of grid 
investment. South Africa anticipates expanding its transmission network and 
adding up to 100 GW of generation by 2039, and while flexibility cannot displace 
this investment entirely, it might make the overall programme more cost-effective. 
Grid investments typically take several years to deliver, whereas flexibility and 
efficiency measures can in some cases be deployed much more quickly. Efficiency 
reduces pressure on overall system size, while the case for flexibility as a near-
term complement to infrastructure is more practical as it targets peak periods 
specifically. Eskom has drawn on demand-side measures to manage operational 
constraints while longer term investments are still planned, with Cape Town 
developing demand management programmes at the local level. Together, these 
approaches have helped avoid more expensive peaking capacity and have 
supported a more efficient system in the interim. 

Participating residential, commercial and industrial 
consumers can see the cost savings  

For participating consumers, the main benefits of demand flexibility are realised 
through cost savings. Estimating the potential impacts on consumer energy bills 
and distributional outcomes are highly context-specific. However, examples of 
existing cost savings provide an indication of the magnitude of cost benefits that 
consumers could receive by being flexible in their demand. 

 Eskom has estimated that planned reform to ToU tariff structures could save
representative households 5-27% depending on the size of the household. 

 A company installing smart controls for water heating in South Africa has
demonstrated savings of up to 30% on customers hot water heating bills. 

 Eskom’s Distribution Demand Management Programme has an incentive of
USD 187 000/MW for commercial users that meet reliability and eligibility 
requirements – equivalent to rates in demand response markets in the United 
States. 

 A South African gold mine implementing demand response for compressed air
systems lowered the peak electricity demand of the system by 17%, with an 
annual cost savings of USD 170 000 per year. 

 Improved scheduling of high demand equipment, such as water pumps and air
heaters, in another South African mine saved USD 20 000 over a 3-month period. 

https://www.eskom.co.za/wp-content/uploads/2024/12/Eskom-integrated-report-2024.pdf
https://www.gov.za/sites/default/files/gcis_document/202510/53596gon6767.pdf
https://www.iea.org/reports/grid-investments
https://www.eskom.co.za/wp-content/uploads/2024/12/Eskom-integrated-report-2024.pdf
https://www.cesa.co.za/wp-content/uploads/2023/03/2023_CESA-WC-Presidential-Function_Energy-Directorate_CoCT_Kadri-Nassiep-.pdf
https://www.eskom.co.za/distribution/wp-content/uploads/2024/11/20240918-Final-Application-to-NERSA_-Eskom-Retail-Tariff-Plan-2025.pdf
https://sensor.energy/geyser-connect.html
https://www.enerweb.co.za/index.php/insights/role-of-dsm
https://www.voltus.co/
https://www.voltus.co/
https://scielo.org.za/pdf/jesa/v23n2/02.pdf
https://energyjournal.africa/en/article/view/3185/3573
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Facilitating affordability in remote areas through by enabling demand 
flexibility 

South Africa has the highest electricity access rates in sub-Saharan Africa at 94% 
in 2023 – up from 78% in 2003 – supporting poverty reduction and social equity. 
Like the 600 million people in sub-Saharan Africa without access to electricity, a 
significant proportion of the remaining South Africans without access live in remote 
communities. For these communities, off-grid mini-grids or stand-alone systems, 
particularly solar PV and batteries, can often be the most cost-effective solutions. 

As well as the financing, matching expected electricity demand to the size of the 
system is an important cost consideration, which can be managed through efficient 
appliances. Where settlements are large enough to support non-residential 
demand, such as schools, healthcare centres or water pumps (also called “anchor 
loads”), demand flexibility could help lower the cost of access for all users through 
ToU tariffs designed to incentivise demand when solar PV output is highest. In India, 
an initiative to install 10 000 mini-grids has included flexibility in its mini-grid design. 

For remote, unelectrified settlements in South Africa, anchor loads could lower 
electricity costs for all users. IEA analysis shows the average cost of electricity could 
be reduced by around 11% through lower generation capacity. Given the capital-
intensive nature of these technologies, investment requirements for these mini-grids 
could fall by 18%, potentially reducing the cost access to the approximately 500 000 
households in South Africa that may be suitable for mini-grid solutions. 

Levelised cost of electricity (left) and total investment (right) to electrify 
500 000 remote households in communities with non-residential demand in 
South Africa with flexible and inflexible mini-grids, 2025 

IEA. CC BY 4.0. 

Notes: Solar PV = solar photovoltaics; USD/kWh = United States dollar/kilowatt hour. The left axis does not start at zero. 
Analysis assumes that non-residential anchor loads making up 20% of settlement demand could be made flexible with 
demand peak for these end users coinciding with solar PV output. Settlements suitable for mini-grids are defined as 
>50 km from the existing electricity network and with >100 households.

Source: IEA analysis based on data from Carbon Trust (2024) and the OpeN Source Spatial Electrification Toolkit 
(2025). 
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https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity
https://www.iea.org/reports/financing-electricity-access-in-africa
https://iea.blob.core.windows.net/assets/e87bd556-d740-4374-bcb0-bd617b8e3efe/FinancingElectricityAccessinAfrica.pdf
https://www.iea.org/reports/financing-electricity-access-in-africa
https://openknowledge.worldbank.org/server/api/core/bitstreams/d2992bfa-58a0-48c6-9815-6c181701572f/content
https://www.energy.kth.se/energy-systems/completed-projects/open-source-spatial-electrification-toolkit-onsset-1.940024
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Chapter 4. Demand flexibility in 
transforming power systems: The 
case of Thailand, 2030  

Pilot stage demand shifting for learning 
purposes 

By 2030, many of the factors driving the need for system flexibility and the 
availability of demand flexibility will continue to develop. While supply-side 
flexibility measures will remain central for system operation, demand flexibility 
could play a growing role. In systems experiencing demand growth and structural 
changes, demand flexibility could moderate peak demand, helping the system 
adapt to varying operational needs and fuel price volatility. These pressures will 
further amplify the existing benefits to networks and consumers, widening the 
scope for their impact in many jurisdictions around the world. 

Flexibility has the potential to help manage steadily 
growing electricity demand at the global level  

The IEA STEPS scenario indicates that by 2030, electrification and the share of 
renewable energy in overall generation will continue to grow, leading to modelled 
short-term flexibility doubling in advanced economies and increasing by around 
two-and-a-half times in emerging markets and developing economies (EMDE).  

Electricity demand growth globally to 2030 will likely be double from that of 
2015-2020, with EMDE making up 80% of the growth. Industry and cooling will 
have a considerable effect on peak demand, which grows by 1 800 GW by 2035 
in STEPS. Managing this strain on grids cost-effectively will be critical to 
affordability. The long lead times for new generation and networks mean that 
managing demand could increasingly complement supply-side investment.  

More diverse and responsive power systems will be 
needed 

Ensuring an affordable and secure power system will be critical in all regions. 
Particularly in EMDE, demand growth, rapid electrification and rising shares of 
renewable energy are reshaping the electricity system. Meeting the growing need 

https://www.iea.org/reports/electricity-2026
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/electricity-2026
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/grid-investments
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for system flexibility with a more diverse portfolio of technologies could improve 
the resilience of the system and better insulate it from fuel price shocks.  

Growth in demand response ready appliances could enable demand flexibility to 
help diversify the electricity system, providing more regular demand shifting 
alongside less frequent peak shaving. Uptake of smart meters would support 
flexibility aggregators to combine flexibility across households and businesses. 
Moving towards a more efficient, affordable, decentralised and responsive power 
system will also require reform. The need for the right response, at the right time 
and in the right place, provides a clear signal that demand-side resources can help 
manage the power system. 

Thailand’s power system and demand 
flexibility resource 

Electricity demand growth in Southeast Asia is a major driver of global demand, 
with the average annual growth of about 5% since 2020 and is expected to 
continue in the coming years. The pressures of growing demand and renewables 
integration are particularly evident in Thailand. The largest electricity demand 
sector is industry (86 TWh), responsible for 44% of total electricity demand, 
followed by the residential sector (58 TWh) with 30% of the total, services 
(50 TWh) with 26% and transport (0.5 TWh).  

Annual electricity demand, end use demand and generation output for Thailand, 2025 
and 2030 

IEA. CC BY 4.0. 

Notes: EV = electric vehicle. “Heat” in “cooling and heat” refers to hot water and industrial heating processes; “Other thermal” 
includes coal, diesel and fuel oil; and “Renewables” includes hydro, solar PV, wind, energy from waste, biogas, and biomass. 
Sources: IEA (2025), Energy End-Uses and Efficiency Indicators; Thailand, Ministry of Energy (2026). 
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Continued growth in electric vehicle (EV) sales could increase transport electricity 
demand by four to six times by 2030, potentially posing challenges for power 
systems if unmanaged. The share of electric cars in total vehicle sales increased 
to about 22% in 2025, almost double year-on-year. Managing the potential impact 
on peak demand will be crucial to avoid problems on the grid.  

Driven by rising appliance ownership and increasing temperatures, cooling could 
also make up a large part of the expected demand growth to 2030, with a potential 
doubling of demand. In the residential sector, an estimated 30% of demand comes 
from space cooling. Annual cooling degree days (i.e. days when outdoor 
temperatures are above the level where buildings typically need cooling) in 
Thailand are already among the highest in the world. With climate change, such 
weather events have increased in recent years. At today’s AC ownership levels, 
each degree increase in average temperature drives a 1 GW increase in daily 
peak demand. Improving the efficiency of cooling equipment and buildings could 
reduce overall electricity demand growth.  

Peak electricity demand versus average temperature in Thailand, 2022-2024 

IEA. CC BY 4.0. 

Sources: IEA (2026), Real-Time Electricity Tracker; IEA (2026) Weather, Climate and Energy Tracker. 
 

Renewable output is expected to grow from a strong base in Thailand. Around a 
quarter of electricity generation is currently derived from renewable sources 
(mainly hydro and biomass), with variable renewables (mainly solar PV) 
contributing around 5%. Solar PV deployment is expected to continue growing 
and, by the end of the decade, reach about 8% of total generation. While this 
would move Thailand towards phase 2 of Renewables Integration, this level of 
integration can generally be managed through operational improvements and use 
of existing infrastructure, greater solar generation could widen the gap between 
total and net demand. This would create steeper evening ramps with solar output 

15 000

20 000

25 000

30 000

20 22 24 26 28 30 32 34

Av
er

ag
e 

da
ily

 d
em

an
d 

(M
W

)

Population-weighted temperature (°C)

2022

2023

2024

Linear
(2022)

Linear
(2023)

Linear
(2024)

https://www.iea.org/reports/energy-efficiency-2025
https://ember-energy.org/latest-updates/asean-emerges-as-a-new-leader-in-global-ev-adoption/#:%7E:text=Thailand%20has%20reached%2021%25%20and,contributor%20to%20the%20global%20surge.
https://www.econstor.eu/bitstream/10419/243899/1/1693198371.pdf
https://www.adaptation-undp.org/explore/asia-and-pacific/thailand
https://www.iea.org/commentaries/staying-cool-without-overheating-the-energy-system
https://www.iea.org/data-and-statistics/data-tools/real-time-electricity-tracker
https://www.iea.org/data-and-statistics/data-tools/weather-for-energy-tracker?tab=Weather+for+energy+tracker
https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
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falling and cooling demand rising, as has been seen in India, underlining the need 
for flexible resources that can respond quickly to changing system conditions. 

Smart technologies could enable wider participation in 
flexibility 

The uptake of smart technologies will influence the availability of demand 
flexibility. Delivering reliable and predictable load shifting requires devices that can 
be remotely controlled or programmed in advance to manage end uses, subject 
to consumer consent. However, this may create tensions between the needs of 
aggregators to deliver grid services and the energy service expectations of 
consumers. Improved understanding of the factors that influence participation, 
such as when users might choose to override flexibility events, would help inform 
programme design and implementation. As the number of interconnected devices 
increases, cyber security considerations may also become more prominent. 

Modelled growth rates for selected flexible technologies in Thailand, 2025-2030 

IEA. CC BY 4.0. 

Notes: ACs = air conditioners; BESS = battery energy storage system; EV = electric vehicle; V1G = managed (smart) one-
directional EV charging; V2G = vehicle-to-grid (bidirectional smart charging). Technologies are shown as a total across 
residential, commercial and industry sectors, except for industrial internet of things. Growth rates for technologies are shown 
for all except V2G given the extremely low starting base in 2025. Smart chargers (V1G and V2G) are a subset of EV chargers 
– the figure shows the total installed charger capacity, and not the concurrent demand of charging.
Source: IEA analysis based on data from Guidehouse (2026). 
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A key technology that is expected to show the strongest growth in the coming 
years is smart meters. The Metropolitan Electricity Authority, which covers the 
Bangkok metropolitan area, aims to install 4.3 million units by 2032 for customer 
types. This strong growth is expected to continue in residential, commercial and 
industrial sectors. The Energy Policy and Planning Office has developed a system 
to monitor smart grid implementation progress.  

Alongside smart metering, wider deployment of industrial internet of things 
technologies is projected to nearly double by 2030. Improved monitoring and 
control of industrial processes would allow businesses to adjust electricity use in 
response to system needs. This could be particularly important in Thailand, where 
industry accounts for almost half of annual electricity demand, and less 
energy-intensive industrial processes have significant potential for load shifting. 

With the overall increase in cooling demand, market data projections suggest 
there will also be strong growth in smart ACs, rising by 90%, and in smart 
thermostats at 200%. Smart AC controls have already featured in Thailand in a 
2019 pilot for the office buildings of the Metropolitan Electricity Authority, the 
success of which saw the technology expand to two further locations.  

Although the absolute share of EVs in total demand will still be relatively low in 
2030, it will likely experience significant growth, with the number of unmanaged 
chargers increasing nearly five times. The grid impacts could be mitigated by 
smart charging to shift demand away from peak periods. Thailand is already 
exploring such opportunities through regulatory sandbox programmes, which relax 
regulations under controlled conditions to build understanding of how to address 
regulatory barriers. This has enabled the Electricity Generating Authority of 
Thailand and other stakeholders to test EV smart charging under controlled 
conditions, helping to inform future market and regulatory development. 

Technology uptake and participation across sectors will 
shape future flexibility resource potential 

IEA analysis indicates that less energy-intensive industries could play a central 
role in providing demand flexibility in Thailand, provided there is enough uptake 
from industry. Sectors such as machinery, food processing, tobacco and textiles 
account for around half of industrial electricity demand and are often more 
technically able to adjust consumption without disrupting production compared to 
energy-intensive industries. As a result, these sectors could provide more than 
70% of the industrial flexibility potential available by 2030, through both load 
shifting and peak shaving.  

The residential and services sectors also offer significant flexibility potential, with 
cooling and water heating providing around 2.7 TWh of demand that could be 
shifted. Although not as significant as industry, thermal loads can often sustain 

https://mgronline.com/business/detail/9690000029625
http://caseforsea.org/wp-content/uploads/2025/07/570953108071907720_1.-CASE-Smart-grid-%E0%B8%AA%E0%B9%88%E0%B8%87-GIZ.pdf#page=8
https://www.mea.or.th/en/about-mea/corporate-management/operation/measmartgridindex/der-integration
https://chandler.morihamada.com/sites/default/files/newsletters/pdf/ERC%20Sandbox%20Thailand%20Pilot%20Virtual%20PPA%20and%20How%20RECs%20and%20Virtual%20PPAs%20Can%20Further%20Its%20Decarbonization%20Goals%2011%20March%202025.pdf
https://caseforsea.org/wp-content/uploads/2025/07/570953108071907720_1.-CASE-Smart-grid-%E0%B8%AA%E0%B9%88%E0%B8%87-GIZ.pdf#page=8
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longer duration shifts if combined with efficient building fabric, allowing demand to 
move further from periods of high system costs. This potential uptake will also 
depend on regulatory frameworks, market incentives and the deployment of other 
enabling technologies. As well as technology uptake, this flexibility will also 
depend on consumer confidence. Social acceptance of connectivity and 
participation can vary by country and demographic groups, so programmes failing 
to consider these factors might not achieve the modelled potential.  

Technical demand flexibility potential in Thailand by sector and by end use for load 
shifting (left) and peak shaving (right), 2030 

IEA. CC BY 4.0. 

Notes: Other end uses include residential and commercial cooking, lighting, refrigeration, brown appliances; desalination; 
and data centres, which are currently considered less suitable in terms of flexibility. 
Source: IEA (2025), World Energy Outlook. 
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https://userstcp.org/wp-content/uploads/2019/10/UsersTCP-Social-License-Executive-Summary.pdf
https://www.iea.org/reports/world-energy-outlook-2025
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Policy frameworks are key to aligning EV charging with system needs 

The electrification of transport presents both a challenge and an opportunity. While 
unmanaged charging could increase peak demand and infrastructure costs, smart 
charging could provide flexibility. This impact will depend on the charging 
arrangements and incentives available. 

 Unmanaged charging: Vehicles begin charging immediately when plugged in,
often creating the greatest network strain when it coincides with peak demand. 

 Time-of-use (ToU) charging: Charging is shifted through static off-peak tariffs,
but this could create peaks if vehicles begin charging at the same time. 

 Smart charging (V1G): Charging is automatically adjusted based on system
conditions or dynamic prices, which can spread charging across the day. 

 Vehicle-to-grid (V2G): Bi-directional chargers allow EV batteries to return
electricity to the grid, subject to consumer preferences and vehicle availability. 

The impact of unmanaged charging, V1G charging and V2G charging on peak 
demand from the representative charging of 1 000 vehicles 

IEA. CC BY 4.0. 

Notes: ToU = time of use; V1G = one-directional EV charging; V2G = vehicle-to-grid (bidirectional charging). The 
magnitude of peak demand will also vary with the charging speed.  

Source: IEA (2023), Electric Vehicle Charging and Grid Integration Tool. 

Policy frameworks play a central role 

Consumer participation can be influenced by tariffs, market signals and access to 
enabling technologies. Most EV flexibility could be delivered through managed V1G 
smart charging- while V2G may provide additional flexibility, many of the benefits 
could be realised without bi-directional charging. Policies to support dynamic 
pricing, interoperability, data access and aggregator participation could help ensure 
that growing EV fleets support a more efficient and flexible power system. 
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https://www.iea.org/reports/global-ev-outlook-2026
https://www.iea.org/data-and-statistics/data-tools/electric-vehicle-charging-and-grid-integration-tool
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The value of demand flexibility in Thailand in 
2030 

In Thailand, demand flexibility has the potential to support an efficient and 
affordable transition to a more dynamic power system. By shifting electricity 
demand could reduce peak demand, improve asset utilisation and lower 
investment needs. The value of flexibility is therefore expected to grow as the 
power system becomes more dynamic with further renewable deployment. 

To assess these impacts, a model has been used to quantify the potential 
contribution of demand flexibility developed by 2030 (see Annex). Given 
uncertainties around technology uptake, regulations, consumer participation and 
future system needs, the IEA has developed a Base flexibility case representing 
a concerted push towards demand flexibility, alongside High flexibility (+20% 
shifting and shedding potential energy) and Low flexibility (-15%) scenarios. 

Cheaper generation during the night is the main driver of 
shifting patterns 

By 2030, natural gas will likely continue to provide around two-thirds of electricity 
generation. Renewable output will be fully utilised, meaning that spot electricity 
prices will continue being driven by demand patterns rather than periods of excess 
renewable generation. As a result, the principal opportunity for flexibility would be 
shifting demand from daytime and evening peaks to lower cost overnight hours. 

Potential demand curve optimisation by load shifting to overnight, Thailand, 2030 

IEA. CC BY 4.0. 
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While system-wide flexibility would likely be driven by daily price differences, local 
energy markets could incentivise demand shifting to periods of renewable 
generation. These arrangements allow organisations to trade locally generated 
renewable electricity with nearby consumers, helping to increase renewable 
utilisation, reduce network constraints and lower costs for participants. Thailand 
has already tested local energy markets through its regulatory sandbox 
programme. The first phase, launched in 2019, supported eight peer-to-peer 
(P2P) energy trading projects. While still limited in scale, these projects 
demonstrate how local market arrangements could complement broader flexibility 
measures and support renewables integration at the distribution level. 

Demand flexibility offers the potential to lower the 
operating costs of the power system 

IEA analysis suggests that the modelled demand flexibility could reduce the 
operating costs of Thailand's power system by around 9%, rising to almost 11% 
in the High-flexibility scenario. These savings are achieved primarily by lowering 
more expensive fossil fuel generation at peak demand, subject to other system 
reliability requirements. Although the largest impact is seen for oil-fired peaking 
generation, it contributes less than 0.1% of annual electricity generation. Flexibility 
also lowers reliance on natural gas generation, however coal is less affected, as 
one of the lowest-cost dispatchable generation sources in the system. 

A comparison of operational metrics and capacity factors for modelled cases of demand 
flexibility in Thailand, 2030  

IEA. CC BY 4.0. 

Notes: Coal has been excluded given the limited difference between the flexibility scenarios. Operational costs include (in 
order of importance) fuels costs, ramp costs, variable operations and maintenance costs, as well as startup and shutdown 
costs. 
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in operating costs because flexibility primarily displaces natural gas generation, 
rather than higher emissions coal generation. These reductions could help 
accelerate progress towards Thailand's decarbonisation objectives without 
additional investment in renewable generation capacity. 

The results also indicate that the value of demand flexibility remains consistent 
with more flexibility on the system. In practice, this means that early investments 
and pilot projects can deliver meaningful benefits. Rather than being dependent 
on large volumes of participation, flexibility could provide value across a range of 
system needs, suggesting that first-of-a-kind projects can generate substantial 
insights and benefits despite their size. Whether this flexibility could be realised in 
the next five years will depend on the costs of enabling technologies, consumer 
participation and market arrangements relative to other flexibility options. 

Flexibility cost savings could help insulate against fossil 
fuel price shocks 

Although approximately half of Thailand's natural gas supply is produced 
domestically, the remainder is imported, leaving electricity costs exposed to 
movements in international fuel markets. Demand-side measures like flexibility 
and efficiency on the other hand are an indigenous and controllable resource that 
all countries can develop to strengthen resilience to price fluctuations. 

Impact of natural gas prices on the operating costs of the power system in Thailand, 
2030 

IEA. CC BY 4.0. 

Notes: USD = United States dollar. Low gas price assumes annual gas prices from 2020, averaging USD 4 per gigajoule 
(GJ); High gas price assumes prices from 2022, averaging USD 32/GJ. 
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https://www.iea.org/countries/thailand/natural-gas
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IEA analysis shows how the value of flexibility could be elevated during price 
shocks. Comparing fuel prices in 2020 and 2022, higher gas prices resulted in 
operating costs almost five times greater, or just over double the base gas price 
scenario, although the value is lesser under a low gas price scenario. The extent 
of this benefit would need to be assessed against the costs to implement flexibility 
measures. However, unlike imported fuels, many of these costs are incurred 
domestically and may therefore be more predictable and controllable over time. 

Flexibility could unlock capacity in existing 
infrastructure 

IEA analysis suggests that demand flexibility could reduce Thailand's national 
peak electricity demand by up to 13% in 2030. The impacts vary by region, from 
a slight increase in peak demand for the Central region (CAC - see Annex) to a 
more significant reduction in the Metropolitan Bangkok region (MAC). This reflects 
both the location and type of flexible demand available, with industrial consumers 
currently providing the largest source of peak reduction potential. 

Changes in transmission flows and peak demand under different levels of demand 
flexibility in Thailand, 2030 

IEA. CC BY 4.0. 

Notes: CAC = Central (region of Thailand); MAC = Metropolitan Bangkok; NAC = Northern; NEC = North-Eastern; SAC = 
Southern. The names of the nodes are as provided by the Electricity Generating Authority of Thailand (see the Annex for 
more details). 
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highlighting the need for regional assessments to address co-ordination risks. 
Overall, greater levels of demand flexibility are associated with lower network 
flows, indicating that flexibility could help make better use of existing infrastructure 
and support continued electrification at lower cost. 

Pilot projects have already demonstrated consumer cost 
savings of up to 70% if combined with renewables  

Even at the pilot stage, demand flexibility programmes can benefit participating 
households and businesses. These can arise through lower electricity bills, direct 
participation payments or greater use of locally generated renewable electricity. 
Businesses in Thailand were compensated USD 0.04-0.08/kWh (up to 70% of 
average industrial electricity prices of USD 0.11/kWh in 2024) for avoiding peak 
demand periods, as well as availability payment of USD 16.4/kW/year. 

Examples of pilot projects in other regions of the world include: 

 Households in India provided with Wi-Fi connected AC switches were rewarded
USD 0.06-0.30/kWh for peak events (up to half of the average residential 
electricity price of USD 0.6/kWh in 2024) with a 23% override rate. 

 Under the first phase of IEA Digital Demand-Driven Electricity Networks (3DEN)
initiative, pilot projects demonstrated how digitalisation can create value for both 
households and businesses. In Brazil, 100 households, equipped with rooftop 
solar PV, battery storage, smart meters and Internet of things- enabled energy 
management systems, reduced electricity bills by 60-70%, while also decreasing 
annual electricity consumption and improving resilience during outages. 

 Under the first phase of IEA Digital Demand-Driven Electricity Networks (3DEN)
initiative, pilot projects demonstrated how digitalisation can create value for both 
households and businesses. In Brazil, 100 households, equipped with rooftop 
solar PV, battery storage, smart meters and Internet of things- enabled energy 
management systems, reduced electricity bills by 60-70%, while also decreasing 
annual electricity consumption and improving resilience during outages. 

Unless programmes include the installation of dedicated hardware or control 
devices, participation in later stages is limited to generally better-off households 
that already have a higher share of shiftable demand. Fuel poor households in the 
United Kingdom, for example, were provided with solar PV and home batteries. 
Such interventions enabled a 60% reduction in their electricity demand from the 
grid, with many able to be net exporters of electricity in the summer months.  

https://www.mea.or.th/en/public-relations/corporate-news-activities/announcement/hnzp7wxgL
https://www.iea.org/data-and-statistics/data-product/energy-prices
http://imperial.ac.uk/media/imperial-college/research-centres-and-groups/hitachi-decarbonisation/Tata_Powbal_Imperial-Report.pdf
https://www.iea.org/data-and-statistics/data-product/energy-prices
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.centrefornetzero.org/news/evaluating-the-impact-of-solar-pv-and-battery-installations-on-vulnerable-households
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Chapter 5. Demand flexibility in a 
future power system: The case of 
Ireland, 2035 

Flexibility as a core system resource 
By 2035, increasing electrification, changing climatic conditions and evolving 
patterns of technology use could reshape both the scale and timing of electricity 
demand. At the same time, continued deployment of renewable generation would 
increase the need for system flexibility, increasing the value of demand flexibility 
in supporting reliable and cost-effective system operation. 

Growth in renewables and grid developments will 
increase the value of flexibility 

In many world regions by 2035, strong growth in renewable generation is set to 
continue, supported by national targets for power sector decarbonisation. Since 
2010, prices for solar PV, wind turbines and battery storage have fallen by 70-90% 
and could fall a further 10-40% by 2035. This makes renewables among the 
cheapest sources of electricity, though there are other integration costs discussed 
below. Economies of scale combined with supportive policy packages has led to 
wind and solar PV making up the majority of new generation in the last five years. 
While renewables can reduce emissions and fuel imports, their weather-
dependent output increases the need for flexibility resources to manage shifting 
net demand patterns. The likelihood of negative net load periods, where 
renewable output exceeds electricity demand, has increased in many regions at 
higher as well as lower stages of renewables integration.  

Although the wholesale price of renewable generation is low, it must be considered 
alongside additional grid costs. By 2030, to meet national climate targets, annual 
grid investments need to nearly double to USD 600 billion, including the cost of 
maintaining, replacing and modernising existing capacity. For the roughly 
30 million kilometres of new transmission and distribution network capacity 
required by 2035, multi-year planning and lead-in times would mean that grid 
investment decisions are needed today. The scale of the investment required has 
also been affected by rising unit costs for grid infrastructure. Minimising the scale 
of this investment presents opportunities to reduce the pressure on affordability 
for consumers.  

https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/electricity-2026
https://www.iea.org/energy-system/electricity/renewable-integration
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
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Electrified and digitalised demand could unlock new 
flexibility potential 

The growth and evolution of electricity demand will likely continue in parallel to 
growth in renewables and grid developments. In emerging markets and 
developing economies (EMDE), peak electricity demand in STEPS will increase 
by around 50% with rising living standards and expanding floor spaces. In 
advanced economies, a 20% increase in peak demand will come from sectors 
such as heating, electrified transport, and larger energy users like data centres.  

Digitalisation is a key factor that could differentiate demand flexibility in 2035. It 
could enable the aggregation of smaller demand users compared with today’s 
programmes, which mainly focus on large energy users. The widespread adoption 
of predictive models, today being used largely in smaller pilot projects, will allow 
real-time demand to be adjusted in response to grid price signals. Grid operators 
could then use demand flexibility as a daily system optimisation tool. 

Ireland’s power system and demand 
flexibility resource  

Ireland’s approach to decarbonisation plans has been discussed in recent IEA 
publications, with a broad overview in the Energy Policy Review in 2024 and a 
focus on energy security in Powering Ireland’s Energy Future in 2025. 

Meeting policy ambitions in full could double electricity demand in Ireland by 2035, 
with around 85% of the increase from transport and heating. Heating demand 
could more than triple, while transport could emerge from a near-zero base to 
almost one-fifth of total electricity demand. This would transform the composition 
of electricity demand, with heating and transport making up nearly half of annual 
demand by 2035. Although there is uncertainty in demand projections among the 
governmental organisations and network operators, all expect significant growth. 
The extent of this growth will depend heavily on efficiency progress, both in terms 
of retrofit and new technologies, and presents opportunities for demand flexibility 
to enable a more cost-effective energy transition. 

Ireland has ambitious power sector decarbonisation goals, targeting around 88% 
generation from renewables by 2035 in the IEA’s Adapted Transition Pathway. 
This would take it to phase 5 out of the 6 phases of Renewables Integration, 
meaning there would be large surpluses of renewable output over the year. Both 
long- and short-term power system flexibility will be crucial to managing this 
surplus. Alongside traditional supply-side technologies, digitalisation and 
electrification could help provide this flexibility.  

https://www.iea.org/reports/world-energy-outlook-2025
https://www.iea.org/reports/ireland-2024
https://www.iea.org/reports/powering-irelands-energy-future
https://www.iea.org/reports/powering-irelands-energy-future
https://www.seai.ie/about/irelands-energy-targets
https://iea.blob.core.windows.net/assets/23c246c7-1eaa-4018-b52c-04ee7ce2bd43/PoweringIrelandsEnergyFuture.pdf
https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
https://www.iea.org/reports/managing-the-seasonal-variability-of-electricity-demand-and-supply
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Annual electricity demand, end-use demand and generation output for Ireland, 2025 and 
2035 

IEA. CC BY 4.0. 

Note: “Heat” includes heat pumps, hot water and industrial processes; “Other renewables” includes coal and oil; “Other fossil 
fuels” includes hydro, solar PV, biofuels, and energy to waste. 
Sources: IEA analysis based on IEA (2025), Energy End-uses and Efficiency Indicators; IEA (2025), Real-Time Electricity 
Tracker; EirGrid (2023), Tomorrow’s Energy Scenarios; Directorate-General for Energy (2016), Mapping and analysis of the 
current and future (2020-2030) heating/cooling fuel deployment (fossil/renewables); Electricity Supply Board (2025), Demand 
data by sector and end use. 
 

Increased electrification could however worsen grid congestion if unmanaged. 
Similar to many regions, investment in grids and integration capacity in Ireland has 
not kept pace with the renewables, leading to curtailment levels of 7-10% in recent 
years and congestion costs tripling from 2015 to 2025. Growth in other demand, 
such as data centres in the Greater Dublin area, has also led to local network 
stress and difficulty in connecting new demand. Demand flexibility could 
potentially address these issues, with other benefits to consumers and the system. 

More renewables will likely lead to lower spot prices, which can help insulate 
against fossil fuel price spikes. Spot prices in countries like Spain were less 
affected by recent fossil fuel price shocks due to greater shares of renewables. 
Electrification and smart appliances could allow consumers to benefit from these 
low-price periods. As of 2024, Ireland had around 80% residential and industrial 
smart meter deployment. Smarter timing of demand could allow consumers to take 
better advantage of the system while also helping to address power system 
challenges. 

Digitalisation, AI and electrification are expanding 
flexibility opportunities 

Expected growth in electricity demand will coincide with increasing deployment of 
digital and interconnected technologies, which are central to unlocking demand 
flexibility at scale. More advanced automation, optimisation algorithms and AI-

0

 10

 20

 30

 40

 50

 60

 70

 80

2025 2035 2025 2035 2025 2035
Sectoral demand (TWh) End-use demand (TWh) Generation (TWh)

En
er

gy
 (T

W
h) Supply

Other renewables

Wind

Other fossil fuels

Natural gas

Demand

Non-heat

Heat

Transport

Services

Industry

Residential

https://www.iea.org/data-and-statistics/data-product/energy-efficiency-indicators
https://www.iea.org/data-and-statistics/data-tools/real-time-electricity-tracker
https://www.iea.org/data-and-statistics/data-tools/real-time-electricity-tracker
https://www.eirgrid.ie/industry/tomorrows-energy-scenarios-tes
https://energy.ec.europa.eu/publications/mapping-and-analyses-current-and-future-2020-2030-heatingcooling-fuel-deployment-fossilrenewables-1_en
https://energy.ec.europa.eu/publications/mapping-and-analyses-current-and-future-2020-2030-heatingcooling-fuel-deployment-fossilrenewables-1_en
https://www.iea.org/reports/powering-irelands-energy-future
https://www.eirgrid.ie/grid/system-and-renewable-data-reports
https://www.semcommittee.com/files/semcommittee/media-files/SEM-15-054%20Imperfections%20Decision%20Paper%202015-16%20Forecast%20and%202013-14%20Outturn.pdf
https://www.semcommittee.com/files/semcommittee/2024-09/SEM-24-064_Imperfections%20Charges%20Decision%20Paper.pdf
https://www.iea.org/data-and-statistics/data-tools/real-time-electricity-tracker
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-Retail-Monitoring-Report-Country-Sheets-Electricity.pdf
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enabled energy management systems could improve the ability of flexible 
resources to respond to system needs while minimising impacts on consumers. 
For Ireland, uptake of flexibility-enabling technologies will vary according to 
technological maturity and supportive policy frameworks. With increasing 
connectivity, cyber security considerations are likely to become more prominent, 
requiring co-ordinated approaches to risk management across connected devices. 

Modelled growth rates for selected flexible technologies in Ireland, 2025-2035 

IEA. CC BY 4.0. 

Notes: BESS = battery energy storage systems; EV = electric vehicle; V1G = managed (smart) one-directional EV charging; 
V2G = vehicle-to-grid (bidirectional smart charging). Technologies are shown as a total across residential, commercial and 
industry sectors, except for industrial Internet of things. Growth rates V2G are not given the extremely low starting base in 
2025. Smart chargers (V1G and V2G) are a subset of EV chargers – total installed charger capacity is shown, and not the 
concurrent demand of charging.  
Source: IEA analysis based on data from Guidehouse (2026); European Heat Pump Association (2025), Heat Pump Market 
Report.  
 

The most mature technology in Ireland is smart meters due to the decades long 
European Union (EU) push for their deployment. As of 2025, there were just over 
2 million such meters deployed in households and businesses (around 80% 
coverage) in Ireland, with modest growth expected by 2035.  

Devices controlling demand end uses will see more significant growth, including 
numbers of smart thermostats growing five times and industrial internet of things 
growing three times. Combined with advanced control algorithms and compatible 
end-use technologies, they could unlock large cost savings with minimal 
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https://www.iea-4e.org/wp-content/uploads/2026/02/4E-Policy-Brief-EDNA-20-20260303.pdf
https://ehpa.org/market-data/
https://ehpa.org/market-data/
https://ses.jrc.ec.europa.eu/smart-metering-deployment-european-union
https://ses.jrc.ec.europa.eu/smart-metering-deployment-european-union
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-Retail-Monitoring-Report-Country-Sheets-Electricity.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-Retail-Monitoring-Report-Country-Sheets-Electricity.pdf
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investment in additional hardware. These devices and their use cases are well 
established, but lack sustained policy support like smart meters. Starting from a 
smaller base, their uptake will likely be supported by the cost savings that they 
can generate for households and businesses.  

Supported by electrification plans and strong policy packages, controllable 
end-uses will likely see the greatest growth. As is the case for other regions, EVs 
are a key feature of Ireland’s decarbonisation plans, with EV sales in Ireland 
increasing by around 500% between 2020 and 2024. By 2035, the capacity of EV 
chargers could increase a further seven times. Combined with access to dynamic 
tariffs, it is expected that two-thirds of chargers could be smart chargers (e.g. 
V1G), allowing daily optimisation of charging costs, with a smaller proportion being 
able to return energy to the grid (V2G), which could offer greater cost savings, 
potentially reducing grid overload during peak periods by up to 20% with AI-
enabled grid integration. 

Heating and transport offer the most demand shifting 
potential, but industry still dominates peak shaving 

IEA analysis of the flexibility potential for Ireland centres on the combination of 
digital technology uptake and the shiftability of demand end uses. Although 
heating demand in 2035 could be two-and-a-half-times larger than that of 
transport, transport has around three times higher flexibility potential, meaning that 
transport can offer significantly higher load shifting at just over a third of the 
8.5 TWh of technically shiftable demand. Given the potential cost savings, minimal 
disruption to energy services and extensive digitalisation, the uptake of this 
flexibility is likely to be the highest relative to other end uses.  

Uptake of digital controls could unlock around 3.9 TWh of demand shifting from 
residential and commercial buildings, nearly half the total flexibility potential. Most 
of this potential arises from space heating (2.9 TWh, 34% of the total potential) 
and water heating (0.8 TWh, 10%), where thermal inertia could allow energy use 
to be shifted with limited impact on comfort or service levels. Commercial buildings 
and households contribute similar amounts of flexibility overall, while household 
appliances could also contribute around 0.5 TWh (6%). As electrification and 
digitalisation expand, efficient grid-interactive buildings could become an 
increasingly important source of system flexibility. 

Industry continues to play a significant role. Although the share of load shifting 
potential falls to 11% with growth in other emerging technologies, the absolute 
volume of industrial flexibility remains substantial. Greater digitalisation, 
connectivity and advanced control systems could enable production schedules to 
respond more dynamically to electricity prices and system conditions while 
maintaining operational performance. Industrial consumers also provide all 
contracted peak shaving due to their ability to reduce demand quickly if required. 

https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://www.nature.com/articles/s41598-024-82257-2
https://www.iea.org/reports/efficient-grid-interactive-buildings-in-india
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Annual technically flexible demand in Ireland by shifting and peak shaving for different 
sectors and end uses by load shifting (left) and peak shaving (right), 2035 

IEA. CC BY 4.0. 

Notes: “Other” includes non-heating, hot water building appliances, data centres, agriculture and district heating. The 
maximum technically shiftable demand is shown, which does not imply that this demand would be economically feasible.  
Source: IEA (2025), World Energy Outlook. 
 

As demand flexibility increasingly relies on aggregating smaller residential and 
commercial consumers, realised flexibility may depend on factors such as 
participation rates, consumer preferences and uptake of controllable technologies. 
These factors could influence the extent to which the technical potential identified 
in this analysis can be achieved in practice. 

The value of demand flexibility in Ireland by 
2035 

The potential impacts of demand flexibility on security and affordability can be 
quantified using the power system model described in the Annex. As an expanding 
sector, there is inherent uncertainty as to how much flexibility could be available 
due to varying technology uptakes, regulatory environments, consumer behaviour 
and system demands for flexibility. To understand how the system value could 
evolve in relation to these drivers, the IEA has developed a Base flexibility case 
representing a concerted uptake of demand flexibility, as well as High (+20% 
shifting and shedding technical potential) and Low (-50%) scenarios. Ultimately, 
the appropriate amount of flexibility will be determined at the national level through 
the recently approved EU flexibility needs assessment methodology.  
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https://www.iea.org/reports/world-energy-outlook-2025
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Flexibility shifts load to periods of higher renewable 
generation output 

Comparing different days of net demand can demonstrate how different balances 
of demand and renewable generation can activate flexibility. In all the modelled 
cases below, flexibility alters the current Irish demand curve, with twin mid-
morning and early evening peaks. There are clear trends like increased midday 
demand from greater solar PV output, or overnight EV charging, but the general 
correlation of flexible demand activation with renewable output could make it much 
more variable. For a near-decarbonised Ireland, with high shares of wind, these 
hourly swings could be significant, as low net load days show. It introduces some 
complexity in terms of balancing the system, which would need to be addressed 
by service providers and the automation of shifting in response to market signals. 

Demand flexibility responds to changing system conditions and the availability of 
renewables in Ireland, 2035 

IEA. CC BY 4.0. 

Notes: Solar PV = solar photovoltaics. Flexible load includes load shifting and load shedding. Zero or near-zero prices cause 
volatility in the flexible load on a low net load day. 
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Demand flexibility in Ireland could lower renewable 
curtailment, fossil fuel dispatch and CO2 emissions 

Today, Ireland depends on largely imported natural gas to provide 60% of its annual 
generation. Import dependence will likely increase with plans to ramp down 
domestic production. Therefore, the best way to reduce import dependency and 
improve energy security will be through flexibility and efficiency measures.  

The modelled Base flexibility case demonstrates clear benefits to energy security. 
Shifting demand away from periods of fossil fuel generation to locally produced 
renewables lowers fossil fuel dispatch by 1.7%, renewable curtailment by 3.1% and 
emissions by 0.7%. Relative to activated flexibility over the year, the potential is 
more significant, with 4 300 GWh of flexibility making use of 540 GWh of otherwise 
curtailed generation – the annual demand of 90 000 households in 2025. 

The marginal, or per-unit, value of this flexibility varies by metric. Given the 
difference in marginal price between fossil fuels and renewables, reduction in fossil 
fuel dispatch (within operational limits such as reserve and minimum inertia levels) 
is proportional to the additional flexibility. The per-unit value is highest in the Low 
flexibility scenario, implying diminishing returns with more system flexibility. For 
renewable curtailment, the case is less clear. Avoided curtailment in a 24-hour 
period could be limited by the modelled weather year, but it is unlikely to change 
much year-on-year. Emissions are less affected by varied shifting potential as the 
peak versus off-peak emission intensity becomes more similar in 2035 with a lesser 
role for high-emission peaking plants. Peak shifting is usually away from less 
efficient gas plants, rather than the higher emission coal or oil plants.  

The effect of Low, Base and High flexibility resource potential on key operational metrics 
for the modelled power system of Ireland, 2035  

IEA. CC BY 4.0. 

Note: gCO2/kWh = gramme of carbon dioxide per kilowatt hour. The high case assumes +20% and low case -50% demand 
flexibility potential relative to the Base case. 
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Building efficiency can increase the value of demand flexibility 

Improving the efficiency of buildings has a key role in Ireland’s decarbonisation 
plans. Its National Retrofit Plan, complete with a package of supportive policies, has 
established a target of upgrading 500 000 homes by 2030. These upgrades could 
have multiple benefits, creating warmer homes, improved health outcomes and 
higher property values. Better insulation and draught proofing can also contribute 
to better retention of building temperatures, enabling such buildings – as opposed 
to less efficient buildings – to more effectively match grid demand signals. 

Building retrofits support longer duration heating demand shifting 

The flexibility from more efficient buildings could also benefit Ireland’s power 
system. IEA analysis shows how a higher efficiency building stock could avoid 15% 
more curtailment on the system, lower emissions by an additional 12%, decrease 
fossil fuel dispatch by a further 8% and reduce overall costs by another 5%. More 
ambitious building codes that include behind-the-meter storage, smart EV charging, 
building energy management systems or renewables could make building demand 
shifting even more valuable to the system and to consumers. 

Additional benefits to the power system resulting from the demand flexibility 
of more efficient building stock in Ireland, 2035 

IEA. CC BY 4.0. 

Notes: gCO2/kWh = gramme of carbon dioxide per kilowatt hour; USD = United States dollar. Shifting durations for 
building-related demand sectors are reduced by 2 hours in the low-efficiency scenario and increased by 3 hours for the 
high-efficiency case. Analysis includes both residential and commercial buildings. 
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Demand flexibility could move price setting away from 
fossil fuels and towards renewables  

Demand flexibility could allow otherwise curtailed wind generation to set the 
market price more often in Ireland. Because this lower cost renewable generation 
clears the market more often, flexibility lowers the wholesale price received by 
other generators during these periods, amplifying cost savings and shifting the 
price duration curve to the left. These benefits are partly offset by a modest 
increase in peaking generation associated with larger net load ramping events. 

Effects of demand flexibility on the modelled price duration curve and merit order in 
Ireland, 2035 

IEA. CC BY 4.0. 

Notes: The shaded areas of the graph highlights differences in total costs between cases. The x-axis is truncated at 70% 
since from 70% to 100% near zero marginal cost renewables set the daily peak price.  
 

IEA analysis of Ireland in 2035 indicates that demand flexibility could reduce the 
total cost to load by 7-10%, depending on the share of demand flexibility. In 2025, 
this made up just over half of the 9.3 billion USD total electricity costs paid by all 
consumers (excluding supplier costs). At these costs, a 10% saving could lower 
the total cost of energy by nearly USD 500 million per year. Although it is uncertain 
how other costs, such as networks, balancing and capacity charges, could be 
distributed in 2035, energy costs will likely remain one of the main components.  

Demand flexibility could reduce curtailment but may also 
increase operational complexity 

For Ireland, depending on the capacity available on a given weather day, flexibility 
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load. In the Low flexibility case, the share of low ramp net load periods (less than 
±0.5 GW) is increased by 1.5%, while higher ramp periods are reduced by this 
same amount, reducing the need for other system flexibility to ramp up or down.  

The High flexibility case is, however, more complex. The share of periods with 
ramping of less than ±1.5 GW are reduced by 3.2%, resulting in the same increase 
in the number of periods with more dramatic ramps. While flexibility could reduce 
renewable curtailment, it could also create balancing complexity. If widespread, 
fully automated shifting behaviour is developed as expected for Ireland in 2035, 
this could distort the market signals driving the activation of flexibility. 

Proportion of time at different hourly ramp rates (left) and difference in ramp rates (right) 
for modelled cases of High and Low demand flexibility in Ireland, 2035 

IEA. CC BY 4.0. 

Note: Ramp rate proportions are grouped in 1 GW bins in the right-hand graph. 
 

Demand flexibility supports efficient electrification, 
reducing pressure on grid expansion needs 

The Irish transmission and distribution operators anticipate spending a total of 
USD 15.2 billion to 2030. These investment cases are designed to be cost 
effective by balancing upfront costs (including in non-wire solutions such as 
efficiency and flexibility) with expected demand to avoid excessive investment in 
underused assets. Getting the right balance will be crucial to avoid grid capacity 
being a bottleneck for electrification plans.  

IEA analysis of existing grid capacity shows how flexible heat pump operation, 
where technically feasible and accepted by consumers, could maximise use of the 
existing network. This could unlock existing network capacity for 50 000 heat 
pumps on medium voltage feeders and 170 000 on high voltage feeders3 – nearly 

3 Assuming an average of 10 heat pumps and 2 000 heat pumps per MV and HV feeder, respectively. 
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half the retrofit target of 400 000 residential heat pumps – and minimise costly 
capacity upgrades. In combination with building efficiency, retrofitting could reduce 
any disruption to energy services. Subject to customer acceptance, more grid 
capacity could also be freed up through flexible contracts, real-time management 
of feeder capacity and other smart grid solutions.  

Number of medium and high voltage network feeders with spare capacity for heat pumps 
by flexible and unflexible heat pump operation, 2025 

IEA. CC BY 4.0. 

Notes: Analysis assumes that peak heat pump demand (5 kW) could be reduced by 50% per field trials of demand shifting. 
The 2030 target would require an average of nine heat pumps for each of the 45 000 medium voltage feeders and 2 000 heat 
pumps for the 200 high voltage feeders in Ireland, but this will vary significantly with the location.  
Sources: IEA analysis based on Electricity Supply Board (ESB) Networks (2025), Availability capacity heatmap; Turner et. 
al. (2025), Embedding energy flexibility capability in air source heat pumps via third-party control: Insights from a field trial on 
residential buildings in England; Nesta (2024); and Müller and Jansen (2018), Large-Scale Demonstration of Precise Demand 
Response Provided by Residential Heating Systems. 
 

Flexibility can deliver consumer and system savings 
Investment in supply-side flexibility, peaking generation and the grid was made by 
the distribution operator in 2025, constituting up 84% of the total cost of electricity. 
Demand flexibility could offset this investment, providing cost savings for the entire 
power system. For specific consumers participating in flexibility programmes, cost 
savings can be approximated from examples in other countries. These cost 
savings could be exaggerated for Ireland with greater uptake of renewables and 
variation in electricity prices, combined with dynamic tariffs.  

 Through six demand flexibility programmes over a decade, a US university earned
USD 4.1 million in revenue and made USD 10.5 million in cost savings. 

 An analysis of 1 300 UK households with heat pumps that moved to time-varying
tariffs found that customers saved 18% on their electricity bills. 

 Households in Spain provided with free electricity during periods of high
renewable output increased their demand by 12%. 
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https://assets.gov.ie/static/documents/climate-action-plan-2021-833aad8a-2afa-4894-9c6e-f2ff1f076c98.pdf
https://www.esbnetworks.ie/services/get-connected/renewable-connection/network-capacity-heatmap
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https://www.sciencedirect.com/science/article/pii/S0306261925004350
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https://cdn.esb.ie/media/docs/default-source/ask/esb-white-paper-on-electricity-costs-july-2025.pdf?sfvrsn=24d0ae07_1
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Chapter 6. Implementation 
challenges for scaling up demand 
flexibility 

Demand flexibility is already delivering measurable benefits to power systems 
today. However, the delivery models through which this value is currently realised 
were largely designed for short-duration reliability events, not for routine 
optimisation. With increasing electrification and digitalisation, flexibility could 
evolve from fragmented emergency response into a dependable, scalable and 
socially accepted system resource. In recognising the limitations of current 
approaches, it is important to focus on specific policies to show how market 
design, investment decisions and future policy could improve system outcomes. 

Participation, equity and consumer inclusion 
Demand flexibility relies on varying degrees of consumer participation. For 
example, emergency peak shaving mechanisms can include text message 
requests to lower demand during heatwaves. Urging that consumers manage 
demand could be considered an unfair burden if the system is too dependent on 
their response. Moving forward, automation like smart EV charging could lower 
the need for the direct intervention of consumers without interrupting energy 
services. Although this could reduce the burden on consumers, it still raises equity 
issues around autonomy, transparency, and who stands to benefit, which can form 
part of wider discussions about policy priorities. Understanding these issues and 
how policy can address them will be crucial to successfully scaling up flexibility.  

Not all households or businesses can participate and 
benefit equally from flexibility 

In the first instance, the potential buy-in from consumers can be limited by a lack 
of engagement in how electricity is provided. The preferences of these consumers 
should be respected in deciding the role demand flexibility is expected to play in 
power systems. Perceptions or trust of connected devices in households could 
also hinder flexibility potential, such as in Germany, where around half of 
consumer surveyed expressed no interest at all in smart home technologies.  

Like other distributed energy technologies, a large share of benefits would go to 
participating households. In South Africa, up to 50% of demand from higher 

https://www.flexalert.org/
https://urban-mobility-observatory.transport.ec.europa.eu/news-events/news/two-european-cities-advance-vehicle-grid-v2g-solutions-2025-07-04_en?utm_source=chatgpt.com
https://userstcp.org/wp-content/uploads/2021/10/Usability-Report-Final-Oct-2021.pdf
https://www.vzbv.de/pressemitteilungen/verbraucher-blicken-skeptisch-auf-smart-home
https://eta-publications.lbl.gov/sites/default/files/2025-02/der_integration_framework_final_20250117.pdf
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income households could be flexibly managed, compared with 9% of lower income 
households – a difference of five times. Households with greater access end uses 
like electric vehicles, smart appliances or home energy management systems 
would be best placed to capture the benefits of dynamic pricing. Those with less 
flexible demand, lower digital access or limited ability to invest in enabling 
technologies may be left behind. 

Electricity demand that could be technically shiftable by income group in South Africa, 
for the average of all households, 2025 

 
IEA. CC BY 4.0. 

Notes: The analysis shows the technically shiftable load, which is split by end uses, with each having different shifting 
potentials. The analysis assumes that the willingness to shift demand is dependent on technology type only, not the income 
bracket. Income groups are defined as having monthly incomes that are low = less than USD 300; 
medium = USD 300-1 200; and high = >USD 1 200. 
Source: IEA analysis based on University of Cape Town (2021), Residential electricity consumption in South Africa. 
 

Targeted support could enable direct participation benefits to be shared more 
widely. This could include subsidies for smart controls and efficient appliances, 
benefit-sharing for non-participants, and public reporting of participation and 
benefit distribution. Addressing these issues is not however limited to flexibility 
policy and should form part of wider discussions on country policy priorities.  

Some businesses may have potentially flexible demand, but it can remain 
undetected. Not all companies – especially small and medium enterprises – are 
equipped to identify flexibility and its value. To address such gaps in 
understanding, the Flex-e programme in the Netherlands includes an energy audit 
that helps identify how the demand of a company could be flexible. The Smart 
Readiness Indicator provides an EU framework to assess the compatibility of 
buildings with smart technologies, including those that support demand shifting. 
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https://www.savingenergy.org.za/wp-content/uploads/2021/06/2021%20Residential%20Electricity%20Consumption%20in%20South%20Africa%20research%20report.pdf
https://www.savingenergy.org.za/wp-content/uploads/2021/06/2021%20Residential%20Electricity%20Consumption%20in%20South%20Africa%20research%20report.pdf
https://www.iea.org/reports/sheltering-from-oil-shocks/targeted-consumer-support-to-enhance-energy-affordability
https://business.gov.nl/subsidies-and-schemes/flexible-power-consumption/
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/smart-readiness-indicator_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/smart-readiness-indicator_en
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Programmes need to be designed with consumers in 
mind to avoid penalising inflexible users 

Consumers with limited flexibility may not simply miss out on benefits, but they 
could potentially face higher costs. Research from Norway and the United States 
has found that lower income households with less flexibility and a greater share of 
demand at peak periods were more likely to experience dynamic grid tariffs as a 
financial penalty rather than as an opportunity. By contrast, higher income 
households were better able to respond to price variations and benefit financially. 
To help address this imbalance, countries such as South Africa have long offered 
progressive tariffs, where the first block of electricity is the cheapest. Countries 
like Spain have developed dynamic social tariffs, which aim to combine targeted 
consumer protection with time-responsive pricing.  

Consumer response can also vary significantly across demographic groups. 
Research in Sweden found that women were twice as likely to report greater ability 
to shift electricity demand, while high income households were two-and-a-half 
times more likely than low income ones to report similar flexibility potentials. These 
behavioural and social differences introduce additional uncertainty into forecasting 
programme performance, and highlight the importance of designing tariffs and 
participation models that reflect real consumer behaviour. 

Building the social licence is crucial at all stages  
Building on consumer trust developed in early-stage programmes will be crucial. 
Research from Ireland reveals a wide range of consumer motivations for 
participating and engaging in demand shifting, which could be reflected in 
programme design. However, nascent support should not be taken for granted, 
particularly if moving towards fully automated shifting. In a US study, manual 
thermostat adjustments to override heating demand shifting can happen upwards 
of 30% of the time, materially reducing delivered system value. As consumer 
control becomes less visible, transparency around activation, financial rewards 
and service impacts will become increasingly important to maintaining 
participation and reliability. Device interoperability could help build consumer trust 
by enabling households and businesses to more easily switch suppliers, devices 
or service providers. 

Building on consumer trust developed in early-stage programmes will be crucial. 
Research from Ireland reveals a wide range of consumer motivations for 
participating and engaging in demand shifting, which could be reflected in 
programme design. However, nascent support should not be taken for granted, 
particularly if moving towards fully automated shifting. In a US study, manual 
thermostat adjustments to override heating demand shifting can happen upwards 
of 30% of the time, materially reducing delivered system value. As consumer 

https://link.springer.com/article/10.1007/s12053-023-10153-1
https://ideas.repec.org/p/arx/papers/2509.01499.html
https://www.eskom.co.za/distribution/wp-content/uploads/2021/07/2012-13.pdf
https://www.raponline.org/wp-content/uploads/2023/12/rap-yule-bennett-sunderland-flex-ability-all-socially-inclusive-demand-side-flexibility-europe-2024-january.pdf#page=27
https://www.sciencedirect.com/science/article/pii/S221462962200250X#t0020
https://www.seai.ie/sites/default/files/publications/Behavioural-insights-for-electricity-demand-flexibility-Report.pdf
https://www.sciencedirect.com/science/article/pii/S2213138823000668
https://www.sciencedirect.com/science/article/pii/S2213138823000668
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control becomes less visible, transparency around activation, financial rewards 
and service impacts will become increasingly important to maintaining 
participation and reliability. Device interoperability could help build consumer trust 
by enabling households and businesses to more easily switch suppliers, devices 
or service providers.  

Programme specific costs 
While demand flexibility could help offset power system costs, cost estimation can 
be complex. For a US utility, costs ranged from USD 78/kW for non-residential 
programme up to USD 423/kW for a residential water heating programme. The 
share of hardware costs ranged from zero, by leveraging existing smart thermostat 
suppliers, up to 75% for programmes requiring installation of control devices. 
Avoiding device lock-in and costly hardware replacements can be enabled through 
interoperability, and also the standardisation of demand-response readiness to 
minimise the retrofitting of control and communication hardware. However, despite 
lacking costs for additional hardware, the more costly residential programme was 
later discontinued following technology issues, showing how much cost estimation 
could affect uptake. Programmes will need fair incentives, effective co-ordination, 
and a supportive regulatory environment to be cost-effective.  

First year share of total costs, and costs per kW for different demand response 
programmes in Washington State (United States), 2024 

IEA. CC BY 4.0. 

Note: USD/kW = United States dollar per kilowatt.  
Source: Pacific Power (2024), Demand Response Portfolio 2024 Annual Report. 
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https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/environment/dsm/washington/Demand-Response-Annual-Report_2024_WA.pdf
https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/environment/dsm/washington/Demand-Response-Annual-Report_2024_WA.pdf
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Even with the same types of technology, other costs can vary with project scope. 
Demand flexibility delivered through programme-based approaches, rather than 
market-based mechanisms, can have higher overheads to develop and manage 
the same amount of flexible capacity. A review of US flexibility programmes found 
that mature smart thermostat programmes had an average cost of around 
USD 40/kW, but a smaller pilot project cost USD 875/kW. Although pilot projects 
can be more expensive to operate, they play a key role in developing an 
understanding of behaviour, and how it can be incorporated into demand response 
costing.  

Valuing avoided costs for non-wire alternatives, such as flexibility and efficiency, 
is essential in comparison with other investments. To compare demand flexibility 
with supply-side resources in network planning, it is crucial to include aspects like 
avoided network and generation costs. Metrics like the total system cost capture 
the full range of these aspects and enable the clearest comparison of resources 
across the whole power system. Including the full range of these benefits can in 
some cases make the levelised cost of capacity negative, underlining the benefits 
that demand flexibility could provide to the system.  

Limits and risks of emergency peak shaving 
models 

Emergency peak shaving programmes are proven to provide rapid and cost-
effective relief during periods of system stress. Countries such as the Netherlands 
have used flexible connection contracts as a short-term measure to accelerate 
grid access, while the Philippines and Singapore have programmes to 
compensate industrial consumers for reducing peak demand. Over-reliance on 
these approaches could however defer much needed infrastructure investment. 
Fragmented, programme-based and largely manual approaches can be effective 
for managing short-duration stress, but they are not suited to more frequent, 
system-wide use which would require more comprehensive flexibility frameworks 
in the years ahead.  

Emergency peak shaving cannot replace structural 
investment 

Emergency peak shaving mechanisms should not replace timely investment in 
energy infrastructure. While peak shaving programmes can manage infrequent 
peak events, they do not support continuous system optimisation or broad 
consumer participation. Over-reliance on short-term flexibility could delay 
essential upgrades, transfer operational risk from infrastructure to consumers and 
risk locking systems into emergency-only flexibility models. If demand response is 

https://www.aceee.org/sites/default/files/proceedings/ssb24/assets/attachments/20240722163144580_642941f7-2dfb-48d3-a376-b74d7ca40b9f.pdf
https://www.iea.org/reports/the-value-of-demand-flexibility
https://unece.org/sites/default/files/2025-12/Understanding%20FSCOES%20Report%20-%20Quantified%20Carbon.pdf
https://eta-publications.lbl.gov/sites/default/files/price-based_dr_as_a_resource_in_electricity_system_planning_-_final_11082023.pdf
https://www.rijksoverheid.nl/ministeries/ministerie-van-economische-zaken-en-klimaat/nieuws/2026/02/04/gezamenlijk-plan-om-de-wachtrij-voor-het-volle-stroomnet-komende-jaren-fors-te-versnellen
https://www.energytransitionpartnership.org/wp-content/uploads/2025/05/Annex-C-3.2-DSM-Implementation-Plan-Report.pdf
https://www.enelx.com/sg/en/demand-response
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valued only during crises, incentives to improve automation, expand participation 
or integrate flexibility into routine system operation generally remain weak.  

Reliability can be more difficult to guarantee than with 
supply-side flexibility 

A further challenge can be determining the reliability and verifying the extent of 
flexible demand. Unlike conventional generation, demand flexibility depends on a 
combination of consumer behaviour, device performance and demand that can 
vary by season, location, consumer type and event duration. Participation in 
emergency peak shaving programmes can also be concentrated among a small 
number of large industrial or commercial users. This could increase exposure to 
plant shutdowns, contractual changes or shifts in industrial activity, which can limit 
the diversity and resilience of the resource base and create uncertainty for system 
operators seeking to assign a firm capacity value to flexibility.  

Without conservative measurements, verification and sufficient operational 
history, available flexibility can be overstated in planning and market design. 
Improving accuracy would require data on baseline demand, ex-post verification, 
resource availability, event duration, rebound effects, seasonal dependence, 
consumer override, communications failure and de-rating factors. 

Digital metering will be essential for participation 
Digital metering is also a prerequisite for participation in flexibility programmes by 
enabling demand to be measured and verified. With some countries, such as 
Japan, having now achieved near-universal smart meter penetration, several are 
preparing the next generation of advanced metering infrastructure. In other 
regions, limited digital infrastructure remains an obstacle to unlocking flexibility. 
Indonesia, for example, recently accelerated the rollout of advanced metering to 
1.2 million customers in collaboration with the State Grid Corporation of China. 
However, trials of more accessible, plug-and-play metering and control devices in 
New Zealand demonstrate how simpler and more cost-effective solutions can 
empower consumers to manage their electricity demand. 

Existing tariffs may unlock only limited flexibility and 
should evolve alongside flexibility capacity 

Time-varying tariffs, if not already implemented, can provide a small but notable 
share of implicit flexibility to the system. Many EU countries use such tariffs to 
comply with cost-reflective pricing requirements, and South Africa has applied 
them to industrial consumers since the early 1990s. They can also be combined 
with tools enabling consumers to better understand their electricity use. Compared 

https://shulman-advisory.com/smart-meters-in-japan-a-cornerstone-of-the-new-power-system/
https://www.iea.org/reports/electricity-2026
https://eea.co.nz/what-we-do/flextalk/reports-and-resources/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019L0944
https://documents1.worldbank.org/curated/en/099112724131541740/pdf/P17408118af49908d1bd161575ff8ef9d66.pdf
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with more automated demand response though, the overall flexibility potential 
from ToU tariffs is nevertheless low, with opt-in uptake as low as 1%.  

More dynamic hourly tariffs could also be considered, but other barriers must be 
addressed to realise their full value. For many companies, particularly those with 
a lower share of energy in their total costs, dynamic tariffs alone are often 
insufficient to encourage flexibility, necessitating new compensation mechanisms. 

Demand flexibility could also affect utility cost recovery, similarly to other 
distributed resources. Research in California found that where tariffs recover fixed 
system costs through higher charges during peak periods, flexible consumers who 
avoid these periods could contribute less than expected towards cost recovery. 
Periodic reassessments of peak demand periods, as well as a full understanding 
of the existing flexibility on the system – including who is providing this flexibility – 
is needed to balance cost recovery between consumer groups and tariff types. 
This can ensure that non-flexible consumers are not penalised, while still 
incentivising flexibility activation. 

The contributions of flexibility and efficiency may remain 
under-recognised in system planning 

In the near term, demand flexibility can support resource adequacy and reliability 
assessments. While it cannot replace generation, it can reduce the probability of 
short-duration supply gaps. If demand measures are excluded from adequacy 
assessments, planning decisions may overstate the short-term system risk or 
undervalue existing, potentially low-cost resources. If not already included, 
incorporating conservative assumptions on flexible demand and efficiency could 
provide a more realistic picture of system resilience. The role of flexibility can then 
be developed through national roadmaps, as in the case of the United Kingdom 
and Singapore. Ireland’s ongoing National Energy Demand Strategy has set 
actions based on goals for 2024-2026, including demand flexibility, with updates 
expected by 2027 to inform the next targets. 

Flexibility can also complement efficiency policies, contributing to better utilisation 
of existing generation and network assets while reducing peak-driven costs. The 
Canadian government, for example, recently announced USD 4.3 million of 
funding for Hydro Ottawa to develop enhanced AI analytics to forecast peak 
demand from consumer-owned assets, such as electric vehicles.  

 

https://www.sciencedirect.com/science/article/pii/S1364032118306257
https://www.sciencedirect.com/science/article/pii/S030142152200101X
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/demand-response/demand-response-workshops/advanced-der---demand-flexibility-management/ed-white-paper---advanced-strategies-for-demand-flexibility-management.pdf
https://www.esig.energy/representing-the-demand-side-in-resource-adequacy/
https://www.gov.uk/government/publications/clean-flexibility-roadmap
https://www.ema.gov.sg/content/dam/corporate/our-energy-story/energy-demand/EMA-Our-Energy-Story-Energy-Demand-Demand-Side-Flexibility-Roadmap.pdf
https://www.cru.ie/about-us/news/cru-national-energy-demand-strategy/
https://www.canada.ca/en/natural-resources-canada/news/2025/12/government-of-canada-invests-in-ai-for-smarter-and-more-efficient-energy-use.html
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Limits and risks of pilot-stage demand 
shifting  

As emphasised throughout this report, demand flexibility could go beyond one-off 
peak shaving events. With growing electricity demand and shares of renewables 
globally, flexibility will not only be needed more often, but it will need greater 
precision across a range of consumers. The next step in the process is often 
building up to smaller-scale, managed demand shifting programmes. Thailand has 
demonstrated how countries can begin to understand flexibility performance 
across different end uses and in specific places, with a 2023 pilot project managed 
by the two main network operators achieving a maximum load reduction of 

Developing smart automation to avoid flexibility fatigue 

Where programmes rely on manual activation, consumers can experience response 
fatigue and withdraw from participating, reducing resource reliability. In South 
Africa, hot water control programmes have delivered good results, but also 
underline the common challenges of today’s flexibility models. 

The flexibility potential of water heating 

Water heating offers significant flexibility potential due to the thermal inertia of water 
and widespread electrification – households were 60% more likely to have electric 
hot water than to have space heating across IEA countries in 2023. In South Africa, 
there are around 5 million electric hot water heaters which account for around 40% 
of an average household’s electricity bill. 

Combining efficiency and flexibility, minimum energy performance standards should 
deliver 3.8 TWh of savings by 2030, with a programme using analogue switches 
enabling up to 200 MW of peak demand reduction. However, control technologies 
have varied by municipality, with changes in signal providers and a lack of 
interoperability leading to the replacement of installed devices. Households have 
also been unable to override controls, contributing to lack of satisfaction. 

Towards more advanced controls 

South Africa has developed a pilot programme combining insulation with more 
advanced control solutions. Modelling indicates that this could deliver greater 
benefits for both households and the power system, improving energy availability 
during peak stress periods and minimising strain on participating households. The 
pilot programme illustrates how hot water flexibility could evolve towards more 
automated, interoperable and consumer-friendly delivery models. 

https://www.mea.or.th/en/public-relations/corporate-news-activities/announcement/2XPhUtPGl
https://caseforsea.org/wp-content/uploads/2025/07/570953108071907720_1.-CASE-Smart-grid-%E0%B8%AA%E0%B9%88%E0%B8%87-GIZ.pdf#page=7
https://www.sciencedirect.com/science/article/abs/pii/S0360544210007176
https://www.sciencedirect.com/science/article/abs/pii/S0360544210007176
https://www.iea.org/data-and-statistics/data-product/energy-end-uses-and-efficiency-indicators#residential
https://www.savingenergy.org.za/reports/June%202024/FINAL%20Executive%20Summary%20-%20South%20Africa%20Water%20Heating%20DSM%205.28.2024.pdf
https://sanedi.org.za/wp-content/uploads/2025/02/BID1724-Request-for-Proposals-for-Pilot-Roll-o.pdf
https://www.savingenergy.org.za/reports/June%202024/FINAL%20Executive%20Summary%20-%20South%20Africa%20Water%20Heating%20DSM%205.28.2024.pdf
https://docs.nlr.gov/docs/fy24osti/88042.pdf
https://sanedi.org.za/wp-content/uploads/2025/02/BID1724-Request-for-Proposals-for-Pilot-Roll-o.pdf
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57.3 MW in the evening period. These programmes highlight the future potential 
for flexibility, while also revealing new risks and limitations. 

Smaller programmes have greater overheads for cost 
and co-operation between stakeholders  

Managing early-stage shifting programmes can be more complex than emergency 
peak shaving. To reliably deliver flexibility at growing scales, system operators, 
regulators, utilities and aggregators will need to develop institutional experience 
and operational data on forecasting demand, verification, digital operations, and 
consumer engagement. While peak shaving can be contracted between a single 
large energy user and the system operator, shifting programmes also require 
interactions with network operators, aggregation providers, end users and other 
stakeholders. In Ireland, co-ordination of transmission system operators and 
distribution system operators is supported by the Joint System Operator 
Programme.  

When designing new programmes, starting small and iteratively improving can be 
beneficial, such as for India piloting the demand shifting of ACs. Provided 
interoperability is accounted for, it allows cost-effective programmes to grow after 
demonstrating proof of concept, while incorporating ongoing operational learning 
to maximise effectiveness and consumer buy-in. Starting smaller can also reduce 
the burden of co-ordination across different stakeholders, giving different 
organisations the time to gradually develop specific expertise and processes. 

Digital readiness and interoperability will determine long-
term success 

Technology compatibility becomes more important at the pilot stage. A demand 
aggregation platform in Ireland analyses over 70 data sources, demonstrating the 
range of devices and sensors needed to share data seamlessly. As flexibility 
expands across larger numbers of devices, avoiding proprietary lock-in will help 
support consumer choice, supplier switching and cost-effective scaling. Protocols 
such as the Building Automation and Control Network and Open Automated 
Demand Response (OpenADR) have already been used in Thailand for 
networked devices.  

End-use technologies might not yet be digitally enabled by default, which could 
require additional control and communications hardware that can be expensive to 
replace or upgrade. Standards requiring demand response ready capabilities for 
ACs in South Australia, or the smart charging functionality in new EV chargers in 
the United Kingdom, illustrate how product standards can reduce such barriers. 
Getting interoperability right the first time will have long-term benefits. 

https://www.eirgrid.ie/tso-dso-jso-programme
https://www.eirgrid.ie/tso-dso-jso-programme
https://aeee.in/wp-content/uploads/2025/01/automated-demand-response-pilot-in-delhi.pdf
https://gridbeyond.com/our-technology/
https://www.iea-4e.org/edna/publications/demand-flexibility-protocols/
https://bacnet.org/
https://www.openadr.org/
https://www.openadr.org/
https://www.iea.org/reports/efficient-grid-interactive-buildings
https://www.iea-4e.org/wp-content/uploads/2024/09/4E-Policy-Brief-EDNA-18-290424.pdf
https://www.energymining.sa.gov.au/industry/energy-efficiency-and-productivity/air-conditioners-regulation-change
https://www.legislation.gov.uk/uksi/2021/1467/contents/made
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Regulatory sandboxes could help bridge the gap of 
reforming existing markets and regulations  

Traditional electricity markets might also be poorly configured for the integration 
of new resources. Market rules, tariffs and settlement details might discourage 
shifting or fail to allocate system cost savings to participants. Well-designed pilot 
projects can not only to demonstrate technical performance, but also to identify 
the market and regulatory barriers to wider adoption. In many cases, regulations 
are either not designed for demand flexibility or do not exist. Thailand has been 
operating its Energy Regulatory Commission Sandbox since 2019 to address 
issues that include grid interconnection, bidirectional electricity flow and 
interoperability for electric vehicles. France also recently opened annual sandbox 
applications to test flexible technologies. 

The Demand Response Control Centre: Home of Thai demand flexibility 

In 2023, Thailand launched two centres dedicated to helping manage the growing 
demand and supply side challenges of grid modernisation (e.g. integration of 
renewables), while leaving room to scale up in the future. The Demand Response 
Control Centre co-ordinates the actions of load aggregators, which pay consumers 
to adjust their demand in response to requirements from the system operator. 

Load has been aggregated in the initial trial stage by the Metropolitan Electricity 
Authority and Provincial Electricity Authority. However, it is hoped that in future 
private agencies could become load aggregators, opening a new market for energy 
businesses under the co-ordination of the Demand Response Control Centre. 

Operational process of the Demand Response Control Centre in Thailand  

 
IEA. CC BY 4.0. 

Source: Adapted from Pinyo and Bangviwat (2023), Smart Contracts-Based Demand Response Bidding Mechanism to 
Enhance the Load Aggregator Model in Thailand (accessed 20 May 2026). 
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https://erranet.org/wp-content/uploads/2024/05/Yoonaidharma_ERC_Sandboxes_PD_SessionIV_ERRAConference2024-3.pdf
https://www.thai-german-cooperation.info/wp-content/uploads/2026/01/Report-1_V2G-for-Thailand_A-Global-V2G-best-practices.pdf
https://www.cre.fr/en/electricity/electricity-networks/regulatory-sandbox.html
https://www.cre.fr/en/electricity/electricity-networks/regulatory-sandbox.html
https://pvstatus.dede.go.th/en/section_4-6.php
https://www.egat.co.th/home/en/20230824e/
https://www.mdpi.com/1996-1073/16/8/3606
https://www.mdpi.com/1996-1073/16/8/3606
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Limits and risks of fully integrated and 
automated flexibility 

Pilot projects can assist in building understanding on how technologies perform 
and what response they provide. However, successful pilot projects do not 
automatically scale into system-wide resources and could remain fragmented. To 
evolve into a more integral system resource will require wider participation, 
stronger integration into long-term planning and more automated dispatch based 
on market signals. Automation particularly could capture greater value for 
consumers and the grid, but this will require consumer trust, digital infrastructure, 
operational experience and regulatory maturity.  

Market participation could distort price signals if poorly 
co-ordinated with other resources 

If flexibility becomes more widespread and automated, co-ordination across 
devices and programmes becomes increasingly important. The larger the market 
role, the more likely shifted demand could distort the market signals that dispatch 
it. If flexible resources respond at the same time to price signals or dispatch 
instructions, demand could be synchronised rather than diversified, creating new 
“shadow peaks” that shift congestion to different times or locations on the network. 
These rebound effects may not be visible at the level of the whole system, but 
could become significant on local feeders or network areas.  

Avoiding such an outcome may require co-ordination between wholesale markets, 
distribution system operators and aggregators, as well as greater use of locational 
signals and real-time network visibility as flexibility scales. In its attempt to address 
these issues, Ireland’s contribution to the under-development EU Network Code 
on Demand Response will define legally binding requirements for data exchange, 
grid service participation, locational signals and response times for all actors. 

Reliability becomes critical for daily system operation 
Flexibility becoming a core market mechanism and meeting system operator 
requirements would require clarity around resource availability, operational 
performance and long-term reliability. Existing uncertainty is reflected in Ireland’s 
target of 20% to 30% flexible demand by 2030. Experience in early-stage pilot 
projects can help build the multiple years needed of reliability metrics, 
performance confidence and appropriate capacity values. As this evidence is 
collected, planning regulations can gradually evolve to reflect the growing role of 
demand-side resources. In Austria, for example, reform is underway in electricity 
markets to better recognise the system value that demand flexibility can provide. 

https://docs.nlr.gov/docs/fy22osti/83404.pdf
https://www.nber.org/papers/w32886
https://energy.ec.europa.eu/resources/consultations/targeted-consultation-support-establishment-new-network-code-demand-response_en#details
https://energy.ec.europa.eu/resources/consultations/targeted-consultation-support-establishment-new-network-code-demand-response_en#details
https://www.cru.ie/about-us/news/cru-national-energy-demand-strategy/
https://www.iea.org/news/austria-can-build-on-its-strong-energy-ambitions-through-targeted-reforms-and-faster-delivery
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A balance is also needed in relation to the inherent uncertainty in relying on 
consumer behaviour. Countries like Germany have implemented requirements for 
flexible resources above 4.2 kW, which are to be directly controlled by the network 
operator. Over-reliance on demand flexibility could create tensions between 
participants – who want uninterrupted energy services – and system operators, 
who want to avoid costly service disruptions. Addressing these tensions without 
jeopardising the needs of either group will be crucial to long-term integration.  

System dependency heightens the need for a robust 
approach to digital resilience and cybersecurity 

Cyberattacks on energy systems increased more than threefold between 2020 
and 2024. Although distributed resources can be more physically secure than 
centralised ones, if flexibility becomes more deeply integrated into daily market 
operations, digital resilience will be equally as important. Aggregated demand 
response differs from large energy users in the potential number and variety of 
devices involved, increasing the potential surface for cyberattacks. High-speed 
data sharing between interconnected devices could increase exposure to both 
accidental and malicious disruption. Software failures, communication outages or 
poor data quality could all affect the reliability of flexible demand as a system 
resource. Cybersecurity must therefore play a central role in the widespread 
uptake of demand flexibility, which will include the security of individual networked 
devices, data exchange processes and any automation of demand shifting.  

Value to the grid will need to be shared with consumers 
To maximise value, flexibility could be made available across multiple grid 
services. Depending on the technology, this could include balancing services 
(e.g. frequency response), frequency restoration, voltage regulation, capacity 
markets, congestion management and balancing markets. It will also mean 
avoiding curtailment or peak demand. Automatic dispatch and income 
optimisation across markets, combined with competition among aggregator 
suppliers, could support optimal revenue for consumers. Technology neutral 
ancillary services and minimising other regulatory barriers to participation, in 
addition to streamlining data sharing, would be needed to achieve this. Ireland has 
already laid the groundwork by enabling future revenue stacking under its main 
Demand Flexibility Product. Where demand response programmes are more 
developed, for example in the United States, flexibility providers in some regions 
can take advantage of over 20 income streams to maximise income. 

https://support.ostrom.de/en/articles/13460297-section-14a-enwg-important-questions-about-reduced-grid-charges?utm_source=chatgpt.com
https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/power-systems-in-transition
https://www.iea-4e.org/wp-content/uploads/2026/02/4E-Policy-Brief-EDNA-20-20260303.pdf
https://www.iea-4e.org/wp-content/uploads/2026/02/4E-Policy-Brief-EDNA-20-20260303.pdf
https://www.esbnetworks.ie/services/optimise-my-energy-use/beat-the-peak-programme/commercial/demand-flexibility
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Potential revenue for participants, and number of available revenue streams from value 
stacking in major US network regions, 2026  

 
IEA. CC BY 4.0. 

Notes: CAISO = California Independent System Operator; ERCOT = Electric Reliability Council of Texas; ISONE = 
Independent System Operator New England; MISO = Midcontinent Independent System Operator; NYISO = New York 
Independent System Operator; PJM = Pennsylvania-New Jersey-Maryland (Interconnection); SPP = Southwest Power Pool; 
USD/MW/year = United States dollar per megawatt per year. Not all value streams can necessarily be activated 
simultaneously.  
Source: Voltus (2026), Power market data. 
 

Integration of flexibility into planning frameworks should 
build on early-stage experience 

For flexibility to integrate with longer term planning frameworks, flexibility will need 
to demonstrate reliability and predictability. As evidence builds, planning 
regulations can gradually evolve to reflect the growing role of demand-side 
resources. At all stages, it is essential that lessons are gathered in different 
organisations and jurisdictions, and that these lessons are assessed and shared 
for the benefit of future programmes.  

With greater operational experience, countries could include demand flexibility in 
system planning as an alternative to supply-side resources. European distribution 
operators are already required to consider alternatives to grid expansion, such as 
efficiency and flexibility, by comparing more traditional supply-side flexibility, the 
additional benefits of flexibility discussed here and specific implementation costs. 
However, longer term operational experience remains essential before flexible 
demand can be considered a fully dependable system resource in adequacy 
assessments, peak load estimations or investment planning. 
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Chapter 7. Policy priorities for 
scaling up demand flexibility 

Realising the full value of demand flexibility will require that policy frameworks 
evolve alongside changes in power systems, consumer technologies and patterns 
of electricity use. This report demonstrates how demand flexibility might emerge 
under very different system conditions and through multiple pathways, from 
emergency demand responses to automated, market-integrated services. 
Translating growing experience into scalable and durable system value will require 
policy choices that provide strategic direction, reduce uncertainty and support co-
ordinated action across institutions, markets and consumers. 

Measure and value flexibility as a system 
resource 

Establishing transparent methodologies for assessing regional flexibility potential 
could improve decision making and support more efficient planning. Such 
methodologies could distinguish between technical potential, flexibility accessible 
under current markets and operationally reliable flexibility. National flexibility 
roadmaps could help clarify institutional responsibilities for regulators, system 
operators, aggregators, end users and policy makers. Such roadmaps can also 
identify priority end uses and establish milestones as flexibility evolves from being 
a tool in emergency programmes to an integral part of routine operational use. 

With evidence of performance, system planers could progressively incorporate 
demand flexibility into the following areas: 

 Generation adequacy assessments.

 Transmission and distribution planning.

 Congestion management studies.

 Security-of-supply analyses.

 Long-term system cost optimisation.
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Build the digital and technical foundations 
early 

Advanced metering, building management systems, ensuring interoperable 
communications and securing data exchange can act as a foundation for wider 
participation across residential, commercial, transport and industrial sectors. 
These same foundations can also support the deployment of AI-enabled tools to 
improve forecasting, automate demand response and optimise the operation of 
flexible energy resources. Early adoption of common standards could reduce long-
term integration costs, minimise vendor lock-in and support supplier competition 
as flexibility scales. As digitalisation expands creating a wider footprint that may 
expose new vulnerabilities in system security, cyber security must be a priority. 
Strengthening digital skills across the workforce is critical to ensuring that new 
technologies can be deployed, operated and maintained effectively at scale. 

Developing the digital foundations for demand flexibility could include: 

 Deployment of smart metering and access to data.

 Energy and flexibility audits.

 Building and industrial energy management systems combined with automation.

 Connectivity, communication and interoperability standards.

 Workforce digital skills and cybersecurity standards for digital energy assets.

Place consumers at the centre of flexibility 
design 

The long-term availability of demand flexibility depends on households, 
businesses and industrial consumers signing up and participating in flexibility 
programmes. This can be is strongest when programmes are transparent, there 
is clear compensation and the impacts on energy services are limited. If activation 
becomes more frequent and automated, maintaining consumer confidence 
becomes even more important. If deemed part of wider policy priorities, targeted 
support would be essential to ensure consumers have equal access to flexible 
technologies and their potential benefits. However, it is likely that not every 
customer may be willing to, nor able to participate in flexibility services, highlighting 
the need for policies that consider potential distributional impacts and ensure 
benefits are shared equitably. 

Programme design can support long-term and sustainable participation through: 

 Clear communication of programme conditions and expected benefits.

 Transparent compensation arrangements.
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 The ability of consumers to override flexibility events.

 Minimum service standards for comfort, mobility and business continuity.

 Targeted support for consumer as appropriate.

Ensure flexibility markets are inclusive, 
efficient and technology-neutral 

Removing barriers to participation in grid services could broaden the resources 
available to system operators and improve competition between supply- and 
demand-side solutions. As flexibility matures, enabling participation across 
multiple power market segments could strengthen the business case while 
improving overall system efficiency. 

Regulatory and market reform can support: 

 The participation of aggregators and third-party service providers.

 Proportionate metering and verification requirements.

 The lowering of participation thresholds for smaller distributed resources.

 Access to balancing, capacity and congestion management services.

 Tariff structures that better reflect temporal and locational needs of the system.

Integrate demand flexibility alongside wider 
system transformation 

Power systems with greater diversity of technologies will be more secure and 
affordable, so optimal technology choices will likely include other demand-side 
and supply-side technologies, including energy efficiency, network reinforcement 
and distributed generation. As power systems become increasingly electrified, 
digitalised and decentralised, demand flexibility could support the more efficient 
use of both existing and future infrastructure. 

Planning frameworks can therefore support: 

 Evaluations of flexibility as a non-wire alternative, where appropriate.

 The development of a better understanding of cost drivers and examples, in
accordance with the technology. 

 Joint assessments of efficiency and flexibility potential.

 Co-ordination between transmission and distribution system operators.

 Use of locational signals to manage network constraints.
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Move towards a more flexible and efficient 
power system 

The experiences of Ireland, South Africa and Thailand, as well as that of other 
countries demonstrated in collected case studies, show that demand flexibility is 
no longer a niche intervention limited to periods of system stress. As electricity 
systems evolve around the world, flexibility could increasingly become part of how 
grids are planned, operated and optimised. 

For countries that can demonstrate the cost-effective flexibility potential, the next 
phase will be scaling up the implementation of demand flexibility. Through the 
Digital Demand-Driven Electricity Networks (3DEN) initiative, the IEA is providing 
policy advice and insights to countries in developing the digital, regulatory and 
market foundations needed to support more dynamic electricity systems. An 
important part of this initiative is ensuring improvements in the visibility of demand, 
enabling interoperability between connected devices and networks and creating 
frameworks that allow flexible demand to participate alongside conventional 
system resources. 

The pace of electrification at the global level has meant that these changes are 
becoming increasingly important for system operation and investment decisions. 
Countries that successfully integrate flexibility into electricity planning and market 
design will be better positioned to manage rising demand, contain system costs 
and improve the efficiency of increasingly complex power systems. 

https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative?utm_source=chatgpt.com


Scaling Up Demand Flexibility  Annex 
From peak management to efficient system operation 

PAGE | 74  IE
A.

 C
C

 B
Y 

4.
0.

 

Annex. Description of modelling 

This report features demand flexibility case studies for (in chronological order) – 
South Africa (2025), Thailand (2030) and Ireland (2035). With historic data on 
power system performance and flexibility operation available for South Africa 
(2025), this was used to demonstrate the effects of flexibility on the system. For 
Thailand (2030) and Ireland (2035), a forward-looking power systems model was 
needed to quantify the system effects. 

Demand flexibility modelling 
Demand flexibility potential has been modelled for all three countries that are the 
focus of the case studies presented in this report using the methodology of the 
Global Energy and Climate Model. Demand profiles split by end-use for each 
country were combined with country-specific projections of smart technology 
uptake developed by Guidehouse. Scenarios of demand flexibility potential were 
developed to reflect the ranges of electrification and controllability of energy 
demand across commercial, industrial, residential and transport demand sectors. 

Demand flexibility potential is modelled based on detailed end-use modelling. This 
demand is then combined with end-use specific factors, which describe how much 
of the demand could be shifted or shed. The share is the product of three flexibility 
factors: shiftability, controllability and acceptability, which can be defined as 
follows: 

 Shiftability: Share of the load of each end use that can be shed, shifted or
increased through a typical demand response strategy. 

 Controllability: Share of the load of each end use associated with equipment that
has the necessary communications and controls in place to trigger and achieve 
load sheds or shifts. 

 Acceptability: Share of the load for a given end use associated with equipment
or services where the user is willing to accept a reduced level of service during a 
demand-response event in exchange for financial incentives. 

This framework enables scenarios to consider demand flexibility from various 
technologies and at varying levels of social acceptability. Scenarios of demand 
flexibility potential were also used in the power system models for Thailand and 
Ireland, which are described in the following sections.  

https://www.iea.org/reports/global-energy-and-climate-model
https://guidehouse.com/regions/emec
https://eta-publications.lbl.gov/sites/default/files/lbnl-6417e.pdf
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Description of the Thailand PLEXOS model 
The modelling work for Thailand uses an updated version of the 2023 model that 
was used in the report entitled Thailand’s Clean Electricity Transition (see the 
Annex of the hyperlinked report for a description of the older model). This section 
will detail how the model was updated in terms of data sources and demand 
flexibility modelling. 

The IEA updated its power system model of Thailand for the 2025 calendar year. 
The model is built in the PLEXOS© Integrated Energy Model.4 For this study, its 
operation was restricted to the economic dispatch functionality. The model 
employs a temporal resolution of an hour, using forecasted hourly demand profiles 
that were previously provided by Thailand’s Energy Policy and Planning Office 
(EPPO) and extrapolated to 2025. Generation capacity, network capacity and fuel 
prices were also updated to 2025, while the techno-economic characteristics of 
power plants (including imports), hydropower energy constraints, variable 
renewable energy (VRE) production profiles, fuel supply constraints, operating 
reserves, and transmission lines are represented as in previous versions of the 
model. 

Regional representation and transmission 
The model represents Thailand and is based on five main control regions within 
the Electricity Generating Authority of Thailand (EGAT), namely: Central (CAC), 
Metropolitan Bangkok (MAC), Northern (NAC), North-Eastern (NEC) and 
Southern (SAC). 

The transmission system is based on the existing network. Transmission is only 
modelled as transfer capacities between the different regions, as provided by the 
Electricity Generating Authority of Thailand (EGAT) and updated to 2025. Losses 
were not explicitly modelled but instead were part of the input demand. 
Interconnectors with neighbouring Lao, People’s Democratic Republic (PDR), and 
Malaysia were not explicitly included in the model. Instead, generation from Lao 
PDR under bilateral power purchase agreements were modelled explicitly as part 
of either Thailand’s Northern or North-Eastern regions (depending on the 
interconnected region). Conversely, the 300 MW high-voltage direct-current 
interconnector with Malaysia to the Southern region of Thailand was explicitly 
excluded given its restricted use for high-price periods.  

 
 

4 PLEXOS© is an energy market simulation package for modelling the power system over different time frames, ranging 
from long-term generation capacity expansion to short-term dispatch and unit commitment.  

https://www.iea.org/reports/thailands-clean-electricity-transition
https://www.energyexemplar.com/plexos
https://www.eppo.go.th/index.php/th/
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Modelling demand and reserves 
For Thailand, demand is represented at a regional level based on data from EGAT 
and is extrapolated to 2025 using data from EPPO. These values are then 
processed into hourly load profiles as described in the Global Energy and Climate 
Model. 

Operating reserves are also explicitly modelled, allowing for co-optimisation with 
the unit commitment economic dispatch solution. The spinning reserve 
requirement is based on EGAT’s system-wide requirement of a 1 500 MW load 
risk during peak periods and a 700 MW load risk during off-peak periods. 

Annual electricity demand in Thailand by region (left axis) and peak demand (right axis), 
2025 

 
IEA. CC BY 4.0. 

Note: CAC = Central (region of Thailand; MAC = Metropolitan Bangkok; NAC = Northern; NEC = North-Eastern; SAC = 
Southern.  
 

Representation of the generation mix 
The generation mix in Thailand was updated for 2025, using publicly available 
sources, by adding new capacity and removing retired capacity. This generation 
consist of various technologies defined according to several techno-economic 
characteristics and operating constraints, which are based on information 
provided by EGAT. In the absence of such information, they are defined in 
accordance with industry best practice. Broadly speaking, and in the context of 
Thailand, these power plants can be divided into conventional thermal, hydro and 
VRE plants. In addition, there are several small power plants of various 
technologies, aggregated at a regional level, which run according to specific 
patterns as indicated by EGAT. In general, the following parameters of these 
plants are modelled: minimum stable level, run-up rates, ramp rates, average heat 
rates, outage rates (both forced and maintenance) with mean time to repair, 
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https://iea.blob.core.windows.net/assets/9155992e-962c-45f4-97c1-78fd43a94178/GlobalEnergyandClimateModelDocumentation2025.pdf#page=48
https://iea.blob.core.windows.net/assets/9155992e-962c-45f4-97c1-78fd43a94178/GlobalEnergyandClimateModelDocumentation2025.pdf#page=48
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minimum up and down times, average start-up costs, and variable operation and 
maintenance costs. In addition, the fuels used by specific generators, or sets 
thereof, are also modelled, including fuel prices and fuel constraints. Liquefied 
natural gas and natural gas prices are modelled monthly, which represents a 
change from annual modelling in previous reports. 

In the case of hydro plants, the generators are separated into one of three groups: 

 Run-of-river plants with daily pondage schemes; 

 Plants with large reservoirs; 

 Off-stream (stand-alone) pumped storage hydro schemes. 

 

The seasonality of inflows for hydro plants is captured with monthly resolution, 
which is based on average values from historical data provided by EGAT. In the 
case of run-of-river plants, the monthly availability of hydro energy is spread 
evenly across the days over which a pondage scheme can regulate on a daily 
basis. Large reservoirs, on the other hand, can optimally regulate output across 
the month. However, a certain portion (30%) of minimum hydro generation (daily 
for reservoirs, hourly for run-of-river plants with pondage) is also defined based on 
assumed environmental flow constraints for the river systems on which the hydro 
plants are located. 

Wind and solar PV profiles are, for their part, based on historical resource profiles 
that have been aggregated. In all cases, spatial distribution of the generation is 
captured by assigning the appropriate generator to one of the five regional nodes. 

Annual installed generation capacity by fuel type in Thailand, 2025 

 
IEA. CC BY 4.0. 
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Sensitivities 
Various sensitivities were examined to explore the effects of different levels of 
demand shifting capability within the existing electricity system in Thailand. The 
main scenarios test different projections of smart device penetration in Thailand 
unlocking different amounts of flexibility, against a scenario of no dispatchable 
demand response. Demand shifted away from its original profile must be met 
within the shifting duration, while demand shed is not required to be recovered. 
Other scenarios explore variations in gas prices and electric vehicles (EVs). 

Sensitivity assumptions applied to the 2025 base scenario for Thailand 

Description Differences versus  
no flexibility Comment 

Low/Base/High 
flexibility deployment 

Base: 43.6 TWh potential, 4.3 TWh 
activated 
 
Low: 15% lower than Base. 37.1 TWh 
potential,  
2.2 TWh activated 
 
High: 20% higher than Base. 52.3 
TWh potential,  
5.1 TWh activated 

Estimates of low, baseline and high 
smart device deployment produce 
different flexibility potentials against a 
no-flexibility scenario. 

Low/high gas prices 

Low: USD 3.97/GJ  
average gas price 
High: USD 31.89 /GJ  
average gas price 

Historic monthly gas prices in 
Thailand are taken from a low-price 
year (2020) and a high-price year 
(2022). These cases from recent 
years represent somewhat extreme 
differences but illustrate well the 
volatility in gas supply. 

Low/high EV 
penetration and 
flexibility 

Low: no EV flexibility 
High: eight times increase in EV 
penetration and increased flexibility 

Compares a case with no EV 
flexibility to one with aspirational 
levels of EV penetration and high 
flexibility. 

Notes: EV = electric vehicle; USD/GJ = United States dollar per gigajoule.  

Description of the Ireland PLEXOS model 
The modelling work for Ireland used in this report is the same as the model that 
was used for the 2025 report entitled Powering Ireland's Energy Future. This 
section will summarise the model in the same way that it is summarised in the 
Annex of the 2025 report, highlighting changes in data or the modelling 
methodology. 

The hourly production cost model simulates hourly unit commitment and security-
constrained economic dispatch to meet demand while respecting planned system 
constraints. This report used an adjusted version of the Adapted Transition 

https://www.iea.org/reports/powering-irelands-energy-future
https://www.iea.org/reports/powering-irelands-energy-future
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Pathway scenario for 2035, for which the assumptions are based on the Self-
Sustaining scenario of EirGrid’s Tomorrow’s Energy Scenarios (TES) 2023.  

More detailed demand shifting and shedding was added to the model to 
investigate the effects of advanced shifting capabilities. A range of demand 
shifting potentials was derived from projections of smart device penetration by 
sector, reflecting the range of scenarios of electrification and controllability of 
energy demand, primarily across commercial, industrial, residential and transport 
demand. A full list of the scenarios is presented subsequently in this section. 

Regional representation and transmission 
Ireland and Northern Ireland are modelled explicitly as regions connected by 
1.2 GW of transmission capacity, anticipating the completion of the North South 
Interconnector. France and Great Britain are simplified and presented as sources 
of available imports to Ireland and Northern Ireland.  

Demand 
 

For Ireland, hourly load profiles are derived from sectoral demand totals after 
combining EirGrid and ESB data, processed into hourly load profiles as described 
in the methodology used for the Global Energy and Climate Model. Hourly 
electricity demand for Northern Ireland for 2035 is taken from EirGrid data from 
the Self-Sustaining scenario of TES 2023. Transport and residential electrification 
rates are higher in 2035, presenting a power system that is progressing towards 
the cross-sectoral electrification targets of Ireland.  

Annual electricity demand in Ireland by sector (left axis) and peak demand (right axis), 
2023 (historical) and 2035 (Adapted Transition Pathway) 

 
IEA. CC BY 4.0. 

Note: “Tertiary” includes commercial and service demand. 2035 values are from the Adapted Transition Pathway.  
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https://www.iea.org/reports/powering-irelands-energy-future
https://www.eirgrid.ie/industry/tomorrows-energy-scenarios-tes
https://www.eirgrid.ie/
https://esb.ie/
https://iea.blob.core.windows.net/assets/9155992e-962c-45f4-97c1-78fd43a94178/GlobalEnergyandClimateModelDocumentation2025.pdf#page=48
https://cms.eirgrid.ie/sites/default/files/publications/TES-2023-Final-Full-Report.pdf
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Generation 
Installed generation capacity, technical characteristics (i.e. heat rates, ramp rates, 
minimum up/down times, minimum stable level, outage rates and mean time to 
repair) and cost parameters (i.e. fuel costs and variable operation and 
maintenance costs) are based on data from EirGrid and the public domain. When 
plant-specific information was unavailable, generic characteristics were assumed 
according to plant technology. 

For Ireland and Northern Ireland, larger existing thermal plants were aggregated 
for 2035 to avoid introducing bias from speculative choices on plant closures. 
Aggregated plants were modelled with representative unit sizes for each region to 
maintain realistic unit commitment decisions, using generic technical parameters 
according to plant technology. 

Capacity assumptions for 2035 are based on the EirGrid TES 2023 Self-
Sustaining scenario. Although EirGrid TES scenarios incorporate hydrogen 
turbines and gas carbon capture, these technologies remain unproven at scale. 
Moreover, there is a lack of clear intention from market participants in Ireland to 
deploy these technologies in the coming decade, as well as uncertainty around 
the availability of low-carbon hydrogen. This hydrogen and gas carbon capture 
capacity was therefore categorised as low-carbon fuels, recognising that other 
technologies may be needed, and irrespective of the fact that the 5.7 TWh 
biomethane production target would be sufficient to provide all of this low-carbon 
dispatchable generation in the 2035 model results.  

Annual installed generation capacity by fuel type in Ireland, 2023 (historical) and 2035 
(Adapted Transition Pathway) 

 
IEA. CC BY 4.0. 
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Operational constraints 
Several operational limits were enforced in the model alongside technical 
generator parameters to replicate real-world operating conditions. These limits 
were based on EirGrid’s and SONI’s Operational Policy Roadmap 2025-2035, 
which were confirmed with EirGrid.  

Minimum conventional units online 
The 2024 minimum of four conventional units in Ireland and three in Northern 
Ireland was removed for 2035, meaning no minimum number of conventional units 
was enforced.  

Inertia 
The system operators plan to maintain the current all-island minimum inertia level 
of 23 gigawatt seconds (GWs). Trials are planned to introduce regional inertia 
constraints for Ireland and Northern Ireland, but the overall minimum is expected 
to be maintained. This constraint was implemented in the modelling to enforce 
23 GWs of inertia in each hour. The recent procurement target of 10 GWs of low-
carbon inertia services is assumed to be operational across Ireland and Northern 
Ireland, with a second, duplicate round of procurement assumed to deliver an 
additional 10 GWs of inertia for 2035.  

Although it would be theoretically possible to cover the entire minimum inertia with 
low-carbon services, it has yet to be tested on a system-wide scale. A detailed 
technical evaluation and real-world trials would be required to verify that these 
low-carbon services could cover 100% of the system services of thermal 
generation.  

Maximum system non-synchronous penetration 
This restriction limits the proportion of supply in each hour from non-synchronous 
sources, such as solar and wind, as well as from interconnections and batteries. 
The current limit of 75% non-synchronous supply in the system is assumed to 
have been removed completely in 2035.  

Reserves 
Electricity system operators hold spare generation capacity at all times to adapt to 
the various uncertainties inherent in system planning, such as demand or 
generation forecast errors or unplanned network or generator outages. In addition 
to meeting hourly demand, the model was required to hold reserves to reflect this 
practice. Reserves were enforced for each region, with the reserves from Ireland 

https://cms.soni.ltd.uk/sites/default/files/publications/SONI-Eirgrid-Operational-Policy-Roadmap-2025-2035.pdf#page=35
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and Northern Ireland covering the expected reserve levels from EirGrid’s 2025 All-
Island Resource Adequacy Assessment. 

Sensitivities 
Numerous sensitivities were examined to explore the effects of different levels of 
demand shifting capability, as well as other opportunities and risks relevant to the 
Single Energy Market. The main scenarios test different projections of smart 
device penetration in Ireland, unlocking different amounts of flexibility, against a 
scenario of limited flexibility based on public data of dispatchable demand 
response units available in 2023.  

Demand is binned into shifting durations consistent with the IEA Global Energy 
and Climate Model. Demand shifted away from its original profile must be 
recovered within the shifting duration, while demand shed is not required to be 
recovered. 

Sensitivity assumptions applied to the 2035 Adapted Transition Pathway scenario 
Description Differences versus 

 limited flexibility Comment 

Low/Base/High 
flexibility deployment 

Limited flexibility: 200 MW 
 
Base: 10.1 TWh potential, 4.3 TWh 
activated 
 
Low: 50% lower than Base. 5.1 TWh 
potential,  
2.2 TWh activated 
 
High: 20% higher than Base. 
12.1 TWh potential,  
5.1 TWh activated 

Estimates of low, baseline and high 
smart device deployment produce 
different flexibility potentials against a 
limited-flexibility scenario with a 
limited amount of demand shedding, 
similar to historic levels. 

Low/high building 
efficiency 

Low: two hours’ shorter shifting 
window duration 
High: three hours’ longer shifting 
window duration 

Building-related demand shifting is 
assigned to longer or shorter shifting 
windows to simulate different building 
efficiency levels. 

  

https://www.eirgrid.ie/airaa
https://www.eirgrid.ie/airaa
https://www.uregni.gov.uk/sem
https://iea.blob.core.windows.net/assets/bccc3753-6330-444e-bc62-356f104ed251/GlobalEnergyandClimateModelDocumentation2025.pdf
https://iea.blob.core.windows.net/assets/bccc3753-6330-444e-bc62-356f104ed251/GlobalEnergyandClimateModelDocumentation2025.pdf
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Abbreviations and acronyms 
3DEN Digital Demand-Driven Electricity Networks (IEA initiative) 
AC air conditioning 
BESS battery energy storage system 
CO2 carbon dioxide 
EGAT Electricity Generating Authority of Thailand 
EMDE emerging markets and developing economies 
ESB Electricity Supply Board (Ireland) 
EU European Union 
EV electric vehicle 
gCO2/kWh  gramme of carbon dioxide per kilowatt hour 
GDP gross domestic product 
GJ gigajoule 
GW gigawatt 
GWh gigawatt hour 
GWs gigawatt seconds 
HV high voltage 
IEA International Energy Agency 
kW kilowatt 
kWh kilowatt hour 
MV medium voltage 
MW megawatt 
OCGT open-cycle gas turbine 
OpenADR Open Automated Demand Response 
P2P peer-to-peer 
PV photovoltaics 
STEPS Stated Policies Scenario (IEA) 
TES Tomorrow’s Energy Scenarios 2023 (EirGrid) 
ToU time-of-use (tariffs) 
TWh terawatt hour 
USD United States dollar 
USD/GJ United States dollar per gigajoule 
USD/kWh United States dollar per kilowatt hour 
V1G managed (smart) one-directional EV charging 
V2B vehicle-to-building 
V2G vehicle-to-grid (bidirectional smart charging) 
VRE variable renewable energy 
VSD variable speed drive 

 



 

 

 

 

 

 

 

 

International Energy Agency (IEA) 

This work reflects the views of the IEA Secretariat but does not necessarily reflect 
those of individual IEA Member countries, or of any particular funder or 
collaborator. The work does not constitute professional advice on any specific 
issue or situation. The IEA makes no representation or warranty, express or 
implied, in respect of the work’s contents (including its completeness or accuracy) 
and shall not be responsible for any use of, or reliance on, the work.  

For further information, please contact: chris.matthew@iea.org 

 

Subject to the IEA Notice for CC-licenced Content, this work is licenced under a 
Creative Commons Attribution 4.0 International Licence. 

This document and any map included herein are without prejudice to the status of 
or sovereignty over any territory, to the delimitation of international frontiers and 
boundaries and to the name of any territory, city or area. 

Unless otherwise indicated, all material presented in figures and tables is derived 
from IEA data and analysis. 

IEA Publications  

International Energy Agency  

Website: www.iea.org  

Contact information: www.iea.org/about/contact  

Typeset in France by IEA – June 2026 

Cover design: IEA 

Photo credits: © Shutterstock 

 

https://www.iea.org/terms/creative-commons-cc-licenses
https://creativecommons.org/licenses/by/4.0/deed.en



	Scaling up Demand Flexibility
	Abstract
	Acknowledgements
	Table of contents
	Executive summary
	Chapter 1. The strategic role of flexibility in the Age of Electricity
	Rising demand and changing supply dynamics
	The importance of flexibility to meet new grid challenges
	Understanding the different sources of value from demand flexibility
	The value of flexibility is elevated by affordability and energy security concerns
	Accelerated electrification as a crisis response tool

	Key types and enablers of demand flexibility
	Moving from emergency demand response to strategic system capability

	Chapter 2. Case studies representing different stages of flexibility development
	Chapter 3. Demand flexibility today: The case of South Africa, 2025
	Why flexibility matters
	Globally, the main driver for demand flexibility today is system security
	Today, demand flexibility remains limited in scale and participation at the global level

	South Africa’s power system and demand flexibility resources
	South Africa’s flexibility resource is largely industrial, with growing potential for aggregated hot water heating

	The value of demand flexibility in South Africa
	Flexibility can address short-duration system stress
	Peak shaving has provided value outside of crisis conditions
	Demand flexibility helps manage growth in solar PV generation, reducing ramping requirements
	Contracted peak shaving lowers gas-powered generation during peak load
	Non-wire alternatives like flexibility and efficiency could reduce the scale and cost of grid expansion
	Participating residential, commercial and industrial consumers can see the cost savings


	Chapter 4. Demand flexibility in transforming power systems: The case of Thailand, 2030
	Pilot stage demand shifting for learning purposes
	Flexibility has the potential to help manage steadily growing electricity demand at the global level
	More diverse and responsive power systems will be needed

	Thailand’s power system and demand flexibility resource
	Smart technologies could enable wider participation in flexibility
	Technology uptake and participation across sectors will shape future flexibility resource potential

	The value of demand flexibility in Thailand in 2030
	Cheaper generation during the night is the main driver of shifting patterns
	Demand flexibility offers the potential to lower the operating costs of the power system
	Flexibility cost savings could help insulate against fossil fuel price shocks
	Flexibility could unlock capacity in existing infrastructure
	Pilot projects have already demonstrated consumer cost savings of up to 70% if combined with renewables


	Chapter 5. Demand flexibility in a future power system: The case of Ireland, 2035
	Flexibility as a core system resource
	Growth in renewables and grid developments will increase the value of flexibility
	Electrified and digitalised demand could unlock new flexibility potential

	Ireland’s power system and demand flexibility resource
	Digitalisation, AI and electrification are expanding flexibility opportunities
	Heating and transport offer the most demand shifting potential, but industry still dominates peak shaving

	The value of demand flexibility in Ireland by 2035
	Flexibility shifts load to periods of higher renewable generation output
	Demand flexibility in Ireland could lower renewable curtailment, fossil fuel dispatch and CO2 emissions
	Demand flexibility could move price setting away from fossil fuels and towards renewables
	Demand flexibility could reduce curtailment but may also increase operational complexity
	Demand flexibility supports efficient electrification, reducing pressure on grid expansion needs
	Flexibility can deliver consumer and system savings


	Chapter 6. Implementation challenges for scaling up demand flexibility
	Participation, equity and consumer inclusion
	Not all households or businesses can participate and benefit equally from flexibility
	Programmes need to be designed with consumers in mind to avoid penalising inflexible users
	Building the social licence is crucial at all stages

	Programme specific costs
	Limits and risks of emergency peak shaving models
	Emergency peak shaving cannot replace structural investment
	Reliability can be more difficult to guarantee than with supply-side flexibility
	Digital metering will be essential for participation
	Existing tariffs may unlock only limited flexibility and should evolve alongside flexibility capacity
	The contributions of flexibility and efficiency may remain under-recognised in system planning

	Limits and risks of pilot-stage demand shifting
	Smaller programmes have greater overheads for cost and co-operation between stakeholders
	Digital readiness and interoperability will determine long-term success
	Regulatory sandboxes could help bridge the gap of reforming existing markets and regulations

	Limits and risks of fully integrated and automated flexibility
	Market participation could distort price signals if poorly co-ordinated with other resources
	Reliability becomes critical for daily system operation
	System dependency heightens the need for a robust approach to digital resilience and cybersecurity
	Value to the grid will need to be shared with consumers
	Integration of flexibility into planning frameworks should build on early-stage experience


	Chapter 7. Policy priorities for scaling up demand flexibility
	Measure and value flexibility as a system resource
	Build the digital and technical foundations early
	Place consumers at the centre of flexibility design
	Ensure flexibility markets are inclusive, efficient and technology-neutral
	Integrate demand flexibility alongside wider system transformation
	Move towards a more flexible and efficient power system

	Annex. Description of modelling
	Demand flexibility modelling
	Description of the Thailand PLEXOS model
	Regional representation and transmission
	Modelling demand and reserves
	Representation of the generation mix
	Sensitivities

	Description of the Ireland PLEXOS model
	Regional representation and transmission
	Demand
	Generation
	Operational constraints
	Minimum conventional units online
	Inertia
	Maximum system non-synchronous penetration

	Reserves
	Sensitivities

	Abbreviations and acronyms





