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Kazakhstan can significantly expand wind, solar and hydropower to over one third of power generation
by 2035, by anchoring flexibility into system development and infrastructure planning. Generation from
these sources excluding large hydropower has already grown significantly, from just 0.1 percent in 2015
to 7 percent in 2025. Sustaining this momentum requires addressing structural constraints on flexibility
and ensuring planned thermal power additions — coal, gas and nuclear — are reassessed in light of
overall system and infrastructure manoeuvrability needs.

A diverse portfolio of power system flexibility solutions is essential to enabling higher shares of
variable renewable energy. The system needs enhanced operational flexibility across conventional
generation, combined with demand-side response and backed by improved forecasting and digital tools.
Infrastructure development, especially energy storage deployment, national grid modernisation and
interconnection with neighboring countries, will provide necessary additional assets to balance variable
supply and demand in real time.

Flexible coal retrofits are a cost-effective transitional flexibility option to facilitate renewables
integration and reduce emissions. Control system upgrades and operational adjustments, as well

as retrofit investments, can improve coal-fired power plants’ responsiveness by reducing minimum

load and start-up times and increasing ramp rates. Thermal storage is a relevant solution to decouple
heat and power in cogeneration plants. Ensuring these interim measures align with a clear and
comprehensive coal phase-out strategy is essential to a sustainable energy transition, particularly given
Kazakhstan's ageing coal fleet with an average lifetime exceeding 50 years.

More broadly, strengthened market design and system operation frameworks in Kazakhstan can unlock
existing flexibility, while attracting investments in new flexibility solutions at scale. Further refining
current market mechanisms - building on existing arrangements such as the capacity market and the
automatic frequency and power control system — would improve remuneration of flexibility services
and support investment across generation, storage and demand-side resources.
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Introduction

Renewable energy development in Kazakhstan has shown positive momentum in recent years. In 2025, its
share in electricity generation, excluding large hydropower, reached 7%, representing an increase of 0.5 per-
centage points compared to 2024.! The country currently operates 162 renewable energy power plants with a
total installed capacity of 3.5 GW. This includes 67 wind power plants (1.9 GW of installed capacity,’ accounting
for 4.4% of power generation in 2025%), 49 solar power plants (1.3 GW and 1.7% of generation), 43 small hydro-
power plants, and 3 biogas facilities. Construction of another 8 GW of renewable energy capacity is planned

by 2035. For comparison, just ten years ago, in 2015, the share of solar and wind generation in Kazakhstan was
only 0.1%.%

However, further expansion of renewable energy in Kazakhstan could face challenges. Until now, the growth
of renewables has mostly covered the rising electricity demand driven by industrial development, population
growth and higher living standards, without significantly altering the structure of the power system. Kazakh-
stan's power system has historically relied on thermal power plants operating in baseload mode, which offers
limited flexibility. Small shares of renewables have not posed challenges for system stability. But by 2030, the
country aims to increase the share of renewables (excluding large hydropower) to 15%,” mainly through vari-
able generation, which may already require systemic adjustments. Furthermore, the system operator KEGOC
(Kazakhstan Electricity Grid Operating Company) has indicated that this share could rise to as much as 34%
by 2035."

Due to these high expectations, in 2025 KEGOC proposed temporarily halting the implementation of new solar
and wind power projects for 2-3 years. It was suggested that this pause should be used to build new flexible
generation and to improve grid interconnection." Moreover, there is a risk that the priority dispatch of renew-
ables could be cancelled, which might undermine the investment attractiveness of renewable energy projects.”

Furthermore, in the coming years Kazakhstan plans to build 7.8 GW of new and modernised coal units as well as
three nuclear power plants, with the first of these having a capacity of 2.4 GW;* details of the other two plants
are not yet known. For comparison, the total installed capacity of Kazakhstan's power plants at the beginning of
2026 was 26.8 GW.* Plans for the phased decommissioning of existing coal-fired power plants, whose average
age already exceeds 50 years,* are still absent.

If implemented, all these changes may significantly limit the potential for solar and wind power development
after 2035. In order to reduce this risk, and also to ensure system reliability and optimise system costs, it is
necessary to boost the flexibility of Kazakhstan's energy system.
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1 Power plant dispatch in the 2035 scenarios

To assess how the Kazakh power system might operate in 2035, an hourly simulation of its operation was con-
ducted for a two-week period in 2035 in both July and January, representing the summer and winter seasons
respectively. The simulation utilised the Agora Energiewende in-house model, built on the PyPSA! framework.
Balancing simulation was performed for two scenarios:

- Reference scenario (REF) — assumes the expansion of generation capacities in accordance with adopted
national plans for the period up to 2035 (in particular, with that outlined in ‘Concept for the development
of the electric power industry of the Republic of Kazakhstan until 2035"%). The dispatch of generation assets
is optimized by the model to minimise generation cost. In this scenario, the share of solar and wind in power
generation accounts for approximately 13% in 2035.

- Renewable energy scenario (RES) — assumes an increase in the share of RES (including large hydropower) to
35% by 2035. Furthermore, capacity expansion for other energy sources as well as the dispatch are optimised
to minimise system costs. In this scenario, the share of solar and wind in power generation accounts for
approximately 23% in 2035.

In the reference scenario (Figures 1 and 2), variations in solar and wind power generation do not have a critical
impact on the operation of thermal power plants. The limited capacity control capabilities of thermal power
plants, as well as hydropower, are generally sufficient to maintain reliability.

Simulation of hourly power system dispatch in Kazakhstan in summer 2035 - Fig. 1
(1to 14 July) — REF scenario
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Agora Energiewende PyPSA-SPICE Kazakhstan Model (2026). The results in this study are compatible with PyPSA-SPICE version v1.11.

1 PyPSA:Python for Power System Analysis (https:/pypsa.org/). Note: Kazakhstan is represented by 3 regions: North (NR), West (WS) and
South (SO). Transmission capacities across regions are assumed as constant due to a lack of information on grid development plans.
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Simulation of hourly power system dispatch in Kazakhstan in winter 2035 - Fig. 2
(1-14 December) - REF scenario
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However, in the RES scenario (Figures 3 and 4), the fluctuations in solar and wind output become significantly
more pronounced, demanding a fundamentally different level of flexibility from coal-fired plants which cannot
be achieved without changes in operational procedures and technical upgrades. Specifically, during periods of
high solar and wind generation, coal-fired power plants are forced to rapidly ramp down, sometimes by half or
more of their nominal capacity. Gas-fired generation is also compelled to operate more flexibly.

Simulation of hourly power system dispatch in Kazakhstan in summer 2035 - Fig. 3
(1to 14 July) — RES scenario
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Simulation of hourly power system dispatch in Kazakhstan in winter 2035 - Fig. 4

(1-14 December) — RES scenario
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2 Sources of power system flexibility

Power system flexibility in Kazakhstan is increasingly recognised as a critical requirement for integrating
higher shares of variable renewable energy. Yet it remains constrained by structural and institutional factors.
These include high dependence on a very old fleet of coal-fired power plants and insufficient development

of grid infrastructure and interregional connections, as well as imperfect market mechanisms and regulatory
environment. As a result, the potential contributions of many of its enablers remain underestimated and un-
tapped. Indeed, although so far we have focused on the flexibility of coal-fired generation, not least because it
has not been fully studied in Kazakhstan, it is important to emphasise that coal-fired generation is not the sole,
nor the key, nor the preferred source of power system flexibility. Increasing the flexibility of coal-fired units
may only be a temporary solution to integrating variable renewable energy sources into the grid as the system
transitions from a traditionally carbon-intensive to a carbon-neutral one.

It is also worth emphasising the need for a comprehensive (holistic) approach to ensuring the flexibility of the
energy system, one which involves the parallel development of all available tools, and the importance of striving
to optimise capacity expansion and generation dispatch by costs.

Power system flexibility can be provided through a range of measures spanning both supply- and demand-side
options.

One of the supply-side options is the flexible operation of conventional power plants and dispatchable renew-
able energy sources. Within this option, the development of combined-cycle gas turbines (CCGTs) has attracted
the most attention and planning activity in Kazakhstan. In recent years, the country has conducted tenders
specifically for flexible generation, selecting CCGT projects. CCGT projects that have already been selected total
2.9 GW across eight regions.*# A total of 6.5 GW of flexible gas-fired power generation is planned for construc-
tion by 2035*". However, until now, with the exception of captive power plants of the oil and gas sector, the
main gas-fired power plants have operated primarily in baseload mode with a capacity factor of 74-90%.*"
Currently, coal-fired power plants in Kazakhstan operate primarily in baseload mode and exhibit limited flexi-
bility. Discussions regarding measures to increase their manoeuvrability are only beginning and are addressed
in detail in the following chapter.

Dispatchable renewable generation has received insufficient attention in the country to date. Of the six large
hydropower plants, only four, with a total capacity of 2 GW, can quickly change generation, and the manoeu-
vrability of two of those is limited.* The development of small hydropower plants has progressed relatively
slowly. In 2025, only one small hydropower plant, with a capacity of 26 MW, was commissioned, compared to
387 MW of wind farms and 90 MW of solar power plants.*' Biogas power generation remains almost entirely
undeveloped in the country, with only three facilities operating and a total capacity of 1.77 MW.x" This is
despite Kazakhstan's considerable biogas potential, stemming from its well-developed agricultural sector,
which produces large volumes of organic waste suitable for energy production. Geothermal power has also
seen little development. Kazakhstan is believed to possess low- to medium-temperature geothermal resources
(below 150 °C), which are generally suitable for heat supply but not for electricity generation.** However, addi-
tional research is needed in this area, as the database of sources remains limited.
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Another supply-side solution is energy storage, an option that has recently been actively discussed in Kazakh-
stan, although no installed capacity is yet available. According to recent reports, 3 GW of energy storage capac-
ity may be needed in the country by 2030.2 To achieve this goal, all gigawatt-scale renewable energy projects
will be equipped with energy storage systems. Kazakhstan has also begun holding auctions for renewable
energy sources with energy storage systems. Furthermore, the country may also introduce separate auctions
to select energy storage projects or develop a mechanism for their remuneration on the balancing market.

Energy storage is absent from the balancing simulation graphs above (Figures 1, 2, 3 and 4) because its cost,
despite rapid declines in recent years, is higher than that of coal-fired generation at older power plants in
Kazakhstan, where domestic coal prices are very low. This is why the PyPSA cost optimisation model does not
include any energy storage units. In this context, it is important to note that while cost optimisation of capacity
expansion and dispatch is important, it should not be an end in itself. Sometimes, accelerating the integration of
renewable energy sources into the grid or reducing greenhouse gas emissions should be a priority.

Power grids are another source of supply-side power system flexibility. Kazakhstan's grids have a length of
470,000 km. However, they face critical infrastructure deterioration. Six regional electric grid companies have
alevel of equipment deterioration of 85%-97%; for the other six companies, this figure is 65%-85%.% The
Western energy zone is still completely disconnected from the other two zones, and the transmission capacity
of the transit connecting the Northern (where most balancing capacities are now located) and Southern zones is
almost fully utilised. ™" Work is currently underway to connect the Western zone with the rest of the national
power grid, scheduled for completion by December 2027. A project to increase the capacity of the North-South
transit is scheduled for completion by June 2027. Attention is being paid to improving the reliability of power
supply to major cities. By 2035, 6,600 km of new lines are planned for commissioning, as well as 10,500 km of
existing lines for reconstruction.™” But even after the completion of these works the need for further moderni-
sation of the power grid will remain high.

Demand-side flexibility in the energy system, or demand response, is achieved by creating incentives for
households, businesses and industry to consume less electricity during peak hours and more during periods

of low demand. Pilot projects in this area have been implemented in Kazakhstan, some of which have demon-
strated the potential of this tool. For example, a pilot project at the Bukhtarma Cement Plant and a branch of the
K. Satpayev Canal demonstrated that industrial electricity demand can shift by 20-30% if financial incentives
are provided. According to existing estimates, the potential for peak load reduction in Kazakhstan through
demand-side regulation could be up to 10%. However, the implementation of this tool in the country has been
postponed, ™™ even though it is mentioned in the ‘Concept for the development of the electric power industry
of the Republic of Kazakhstan until 2035" i

In addition, improvements in system operation, such as advanced variable renewables generation fore-
casting and digitalisation, play an important role in enabling flexibility and integrating higher RES shares.
System operator KEGOC is implementing smart grid elements, and this has already increased the capacity

of the North-South transit by 250 MW and ensured automatic control of generation at manoeuvrable power
plants. =i KEGOC's new projects include the implementation of artificial intelligence (AI) technologies that
can detect equipment defects using computer vision, minimise process losses, predict process failures due to
weather conditions and forecast electricity generation and consumption, including from renewable energy
sources. ™
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Currently, renewable energy plants forecast electricity generation on a day-ahead basis, but forecasts often
deviate from actual generation in real-time. Recently, discussions have been underway in Kazakhstan regard-
ing the introduction of financial liability for discrepancies between forecasts and actual generation.™*

The present analysis underscores that although Kazakhstan recognises the critical need for power system
flexibility in order to integrate variable renewables, its current trajectory remains heavily constrained by an
ageing thermal power fleet operated in base load and by deteriorating grid infrastructure. Although plans exist
for significant volumes of flexible gas generation and energy storage, the immediate reality is an insufficiently
holistic approach to system flexibility. Many important flexibility elements are completely missing. For exam-
ple, demand-side response remains largely untapped despite its proven potential to shave power demand peaks
and thus help avoid the construction of new capacity. Crucially, cost optimisation models currently exclude
energy storage due to the low marginal cost of existing coal, suggesting that achieving a resilient, low-carbon
transition will require policy interventions (e.g. through a higher carbon price) that prioritise decarbonisation
and grid stability over short-term economic benefits.

10
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3 Increasing the manoeuvrability of coal-fired power
plants: opportunities and limitations

Many coal-fired power plants in Europe, especially in Denmark and Germany, were retrofitted in the 2000s
and 2010s to enhance their operational flexibility and their ability to help the power system integrate growing
shares of variable renewables. ™ These measures have significantly improved system balancing capabilities
in both countries, although state-of-the-art retrofitted coal-fired power plants are still less manoeuvrable
than gas-fired facilities. More recently, increasing the flexibility of the coal power fleet in emerging economies
has also become an important topic.**" China is already shifting its coal power fleet from baseload to flexible
mode, planning to complete retrofitting by 2027 [n 2025, China decreased the minimum load of coal-fired
power plants from 50%-60% of their rated capacity to 25%-40%. India is working to decrease the minimum
load of coal power plants from 55% to 40%.7>% In Kazakhstan, this discussion is only just beginning, reflecting
a growing recognition of the need to adapt the existing generation fleet to support future renewable energy
integration.

Increasing the flexibility of coal-fired power plants in Kazakhstan presents unique challenges compared

to most other countries, primarily due to the extreme age of its fleet. With an average plant age exceeding

50 years,®™ the infrastructure is significantly older than the global average. Flexibility measures are generally
more viable for younger assets, and applying them to such aged equipment accelerates mechanical stress and
wear, posing significant operational risks.

An additional challenge for the flexibilisation of Kazakhstan's coal fleet is that many plants operate as com-
bined heat and power (CHP) facilities, producing district heat as their primary output. This further limits their
ability to adjust generation. In 2025, coal-fired capacity in Kazakhstan totalled 13.68 GW (51% of total installed
capacity) across 29 plants. Only four large plants (8.25 GW, 60% of coal capacity) were dedicated to electricity
generation; the rest were CHP plants serving district heating needs.®>"!

Table 1 presents the key flexibility indicators for hard coal-fired power plants in Kazakhstan in comparison
with state-of the-art hard coal plants in Germany. The results show that plants in Kazakhstan exhibit signifi-
cantly lower operational flexibility. They are slow to change the net power produced per unit of time (ramp
rate), and their minimum power (minimum load) is too high. However, the time they need to increase their load
from zero to the minimum load after they have been off for more than 48 hours (cold start-up time) in many
cases is not significantly higher than in Germany. For CHP plants, the situation is broadly similar; however,
these facilities are even less flexible in Kazakhstan, as their primary function is to provide district heating.

There are many ways to increase the operational flexibility of coal-fired power plants, and they can be applied
either individually or in combination. Decreasing minimum load can be achieved through the application of
indirect firing,? switching from two-mill to single-mill operation;® by upgrading the control system in com-
bination with plant engineering upgrades; by auxiliary firing with a dried lignite ignition burner;* or by

2 Using pulverised coal storage to decouple the direct supply between mills and burners.

3 Inadirect firing configuration, reducing the net power output of a plant requires both the burners and coal mills to operate at part load. As load
decreases, combustion stability deteriorates, eventually reaching a point where stable operation can no longer be maintained. At this stage, it
becomes necessary to shut down some of the coal mills, allowing the remaining mills to operate closer to their optimal design conditions and
thereby maintain stable combustion.

4 Stabilising the fire in the boiler by combusting auxiliary fuels, such as heavy oil or gas.

mn
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introducing thermal energy storage for feed water pre-heating. Start-up time can be decreased through repow-
ering,® optimised control systems, thin-walled components® or "new” turbine start.” Many of these measures

- repowering, upgrading control systems, reducing the wall sickness of key components, etc. — also increase the
ramp rate. Vi

Flexibility parameters of hard coal-fired power plants in Kazakhstan -> Table 1
and state-of-the-art hard coal-fired power plants in Germany

Ramp rate, % of nominal load per minute 0.3-15% 3-6%

Cold start-up time, hours 5-1 3-6

Minimum load, % of nominal load 70% 12%
Industry estimates for Kazakhstan and Agora Energiewende (2017)*il for Germany.

When retrofitting CHP coal-fired power plants, decoupling heat and electricity is essential to increasing the
plant's ability to change power output without compromising heat production. This can be achieved through
several measures, including the installation of auxiliary boilers to produce additional heat, the deployment of
thermal energy storage to shift heat production over time, and the integration of power-to-heat (PtH) technol-
ogies, such as electric boilers or heat pumps, which enable heat generation independent of the CHP unit's power
output.

The investment costs of flexibility retrofitting in Europe have been estimated at 120-600 US dollars (USD)/kW
or 10-40% of the investment costs of a new coal-fired power plant.® However, recent estimates for Vietnam
show that single retrofits may cost as little as 4-25 USD/kW, and all retrofits may cost less than 50 USD/kW

or 5% of the investment costs of a new power plant.* Higher flexibility also increases operation and mainte-
nance costs due to greater material wear. According to the estimates for Vietnam, renovation increases these
costs by 4%.

One of the most important aspects of flexibilisation of coal-fired power plants is the recovery of the retrofitting
investment costs and the remuneration of manoeuvrable operation, since flexibilisation decreases the power
output. European experience demonstrates that as renewable generation shares grow, electricity markets must
evolve to reward actors providing essential flexibility. Key measures include introducing shorter-term markets
(such as intraday trading) and refining balancing power arrangements.® In Kazakhstan, the investment costs
of flexibility retrofitting of coal-fired units can currently be recovered through the capacity market. In addi-
tion, since 2020, the country has been introducing an automatic frequency and power control system (AFPC).
This system continuously monitors the real-time operating conditions of the power system and, in the event

of deviations, sends control signals to power plants to adjust their generation output. The AFPC system already
includes the Ekibastuz GRES-1 and Aksu GRES coal-fired power plants, which receive substantial financial
compensation for their participation.#

5 Placing a gas turbine upstream of the water-steam circuit in coal-fired power plants.

6  For quicker start-ups, the wall thickness of thick-walled components needs to be reduced.

7  Inmost cases, steam turbine start-ups require a steam temperature that is higher than the metal temperature, and for this purpose a new cold
turbine is needed.
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It is important not to overestimate the potential of coal-fired power plant flexibilisation. In the near term, more
flexible operation of coal and CHP units can support renewable energy integration and help avoid curtailment
in Kazakhstan. However, coal-based generation remains inherently carbon-intensive, and improving its flexi-
bility should not be treated as a substitute for a long-term coal phase-out. Moreover, no new coal power plants
should be planned for the purpose of manoeuvrable coal-fired generation. And flexibilisation must be planned
alongside a gradual and comprehensive phase-out strategy.

Flexibilised coal plants are a transitional solution for the next 15-20 years. Beyond this period, their role in the
power system is expected to decline significantly. Meanwhile, the power system must be made ready to accom-
modate renewable energy shares of 35% or higher after 2035. Achieving this will require deploying a broader
portfolio of flexibility options on both the supply and demand sides, as outlined in the previous chapter.

4 Conclusions

Kazakhstan's renewable energy sector has demonstrated significant momentum, growing from a negligible
0.1% share in 2015 to 7% in 2025, not taking into account large hydropower. But this progress may face criti-
cal bottlenecks. While current renewable penetration has been absorbed by rising electricity demand without
compromising grid stability, higher shares of variable renewable energy may fundamentally change the system
dynamics. The share of renewables is targeted to reach 15% by 2030, and according to the projections of the
system operator this level may be exceeded, potentially approaching 34% by 2035. This requires fundamental
adjustments to the power system.

Dispatch simulations indicate that, without intervention, high shares of variable generation will expose the
limitations of a power system historically designed for baseload thermal operation, risking curtailment or
reliability issues if flexibility is not prioritised alongside capacity expansion.

In the near term, increasing the manoeuvrability of the existing coal fleet may be an essential transitional
measure to bridge the gap between the current infrastructure and a future power mix with high shares of vari-
able renewables. However, this approach is constrained by the extreme age of Kazakhstan's thermal assets (over
50 years on average) and the prevalence of CHP units that prioritise district heating over electrical flexibility.
While technical retrofits can improve ramp rates and lower minimum loads, applying these measures to ageing
equipment accelerates wear and tear, meaning coal flexibilisation must be viewed strictly as a temporary
measure over the next 15-20 years rather than as a long-term strategy. Apart from this, the flexibilisation of
coal-fired power plants should not substitute for but rather supplement a comprehensive plan for a gradual coal
phase-out, including a commitment to build no new coal-fired generation, which is still absent in Kazakhstan.

A holistic approach to system flexibility must extend far beyond coal to encompass a diverse portfolio of
supply- and demand-side options, including flexible renewable generation, energy storage, grid modernisation
and demand response. Agora's in-house cost-optimisation PyPSA model excludes storage solutions because
they remain more expensive than coal-fired generation with low marginal costs, suggesting that market signals

13
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absent strong carbon pricing are insufficient to drive the necessary investment for power systems given very
low coal prices. This being the case, policy interventions, such as enabling higher carbon prices, are required to
incentivise the change.

Effective integration of flexibility enablers depends heavily on evolving electricity market mechanisms to
properly value and remunerate flexibility services. The introduction of shorter-term markets, such as intraday
trading, and refined balancing power arrangements are critical to rewarding actors who provide essential grid
stability, as demonstrated by European experience. In Kazakhstan, existing mechanisms like the capacity mar-
ket and the automatic frequency and power control (AFPC) system provide a foundation, but further reforms
are needed to ensure that investments in flexibility retrofits and other new technologies can be recovered.

Ultimately, the path to a resilient, low-carbon energy system in Kazakhstan requires balancing immediate
reliability needs with a clear long-term phase-out strategy for coal-fired generation. While flexibilisation of
coal-fired generation allows for higher renewable penetration in the short term, it should not be mistaken for
decarbonisation, and plans for coal flexibility retrofits must be weighed against the necessity of retiring ageing
units. Achieving a sustainable future demands a coordinated effort that combines technical upgrades, elec-
tricity market reforms and rapid renewable deployment, ensuring that the power system evolves from a rigid,
coal-dependent structure to a flexible, carbon-neutral grid capable of achieving the country's energy security
and climate goals and unlocking new avenues for economic growth.
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