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Objective:

To analyse how renewable energy can 

contribute to the future electricity system 

under different development pathways of 

the country’s energy system.

The study aims to:

• Assess the role of renewable energy in meeting future 

electricity demand.

• Compare alternative system evolution pathways in a 

consistent analytical framework.

• Evaluate system impacts in terms of cost, emissions, 

reliability, and flexibility.

• Identify key drivers and constraints for renewable 

energy integration.

• Support evidence-based energy planning and policy 

discussions.

Objectives & Aims



• How does the power system evolve under different policy and technology 

assumptions?

• What options, in terms of energy resources, would be available for Kazakhstan to 

meet its long-term energy requirement?

• What options would be useful to reduce the negative impacts of energy activities on 

the environment?

• What level of renewable energy penetration is achievable in each pathway?

• How do system costs and emissions change across scenarios?

What Questions this study aims to answer



• Optimisation-based 

electricity system model 

• 14 oblast-level zones

• Hourly resolution

• 2026–2060 horizon

• Coal, gas (CCGT, OCGT)

• Hydro, Solar PV, onshore 

wind, Nuclear (in relevant 

scenarios)

• Battery storage

• Transmission network & 

Cross-border trade links 

Modelling Tool Overview

Model Scope

Constraints

• Demand balance at all 

hours

• Capacity and availability 

limits

• Network limits

• Policy constraints

Technology coverage



Typical Components of a PyPSA Model



Analysed Scenarios

Renewable Energy 

share target

15% by 2030

Paris Agreement: 

Carbon Neutrality 

by 2060

Nuclear Power Plant 

construction:2035-

2040 - 2400 MW



Analysed Scenarios

REnewable TargetReference
Nuclear 

introduction

Net zero emission 

by 2060

Continuation of 

current trajectory 

with no new major 

policy interventions; 

serves as the 

reference case for 

costs, emissions, 

and risks.

Short-/medium-term 

stress test: checks if 

2030 RES 

objectives can be 

achieved with 

acceptable costs or 

stability issues.

Evaluates nuclear 

as firm low-carbon 

baseload after 2035 

and its system 

effect.

Explores a credible 

pathway consistent 

with carbon 

neutrality by 2060, 

requiring large-scale 

RES, flexibility, and 

potentially grid 

reinforcement under 

a CO₂ constraint.



Analysed Scenarios

REnewable TargetReference
Nuclear 

introduction

Net zero emission 

by 2060

Continuation of 

current trajectory 

with no new major 

policy interventions; 

serves as the 

reference case for 

costs, emissions, 

and risks.

Short-/medium-term 

stress test: checks if 

2030 RES 

objectives can be 

achieved with 

acceptable costs or 

stability issues.

Evaluates nuclear 

as firm low-carbon 

baseload after 2035 

and its system 

effect.

Explores a credible 

pathway consistent 

with carbon 

neutrality by 2060, 

requiring large-scale 

RES, flexibility, and 

potentially grid 

reinforcement under 

a CO₂ constraint.

Baseline Demand

Scenario adopted 

demand



Analysed Scenarios

1

2

3

4
NETWORK TOPOLOGY

14 oblast buses (nodes), same baseline topology and 

interconnections, no connection is considered with 

neighbor countries (no export/import)

EXSITING PLANTS

existing plants are represented explicitly; by default they 

operate within technical limits and retire at end-of-life 

unless a scenario changes retirement rules.

LOAD DATASET

one common hourly load demand 

projected till 2060

MODELLING FRAMEWORK

cost-minimising optimisation of investments + 

dispatch

4 WEATHER DATA

weather profile for 2024 was extracted and used 

for all years as a reference to generate RE profiles



Scenario #1: Reference

Represents continuation of current policy and market trends without additional climate or renewable 

mandates.

Main assumptions

• No CO₂ emission limits

• No renewable share targets

• No forced technology shares

• Nuclear not allowed

• Existing coal plants operate until technical retirement

• New investments selected purely by least-cost optimisation

• Gas and renewables compete economically

• Reliability ensured via adequacy constraints (reserve margin)

Key modelling logic

• The system minimises total system cost while meeting demand and 

adequacy.

• Renewables grow where they are cost-competitive.

• Coal continues operating if it remains economically viable.

• Gas provides flexibility and peak capacity.

• Storage is built only if economically justified.

How fast renewables grow on pure economics

How long coal remains competitive

What the natural cost-optimal transition path looks like



Scenario #2: RE share target

Represents Kazakhstan following explicit renewable electricity targets.

Main assumptions

• Minimum renewable generation share in each period

• Renewables extendable candidates: solar, wind

• Nuclear excluded

• Gas Plants allowed to be extendable 

• No CO₂ cap

Key modelling logic

• Renewable generation share is enforced via a constraint.

• The system chooses the cheapest combination of energy mix by 

reaching the target RE share

How expensive renewable targets are

Which technologies dominate renewable growth

Whether gas remains important



Scenario #3: Nuclear Power Plant 

introduction

Represents Kazakhstan’s government decision to construct a nuclear power plant and integrate it into the power 

system.

Main assumptions

• Nuclear plant is mandatorily built

• Nuclear capacity fixed at 2.4 GW from 2040

• Nuclear operates according to technical constraints (baseload behaviour)

• No CO₂ constraint

• No renewable target

• Nuclear does not compete for entry, only for dispatch

• Other technologies compete around nuclear

Key modelling logic

• Nuclear capacity is exogenously imposed.

• The optimisation determines:

⚬ How much nuclear actually generates

⚬ Which technologies it displaces

⚬ Its impact on costs and emissions

• How much electricity will nuclear actually generate once built

• Which technologies does nuclear mainly replace (coal, gas, or renewables)

• How much does nuclear reduce CO₂ emissions

• How does nuclear affect total system cost



Scenario #4: Carbon Neutrality pathway

Represents Kazakhstan committing to near-zero power-sector emissions by 2060.

Main assumptions

• Absolute CO₂ emission caps:

⚬ 2040: 100 Mt

⚬ 2050: 20 Mt

⚬ 2060: 1 Mt

• Nuclear allowed

• Gas allowed but constrained by CO₂

• No forced technology shares

Key modelling logic

• CO₂ cap is binding.

• The system must find least-cost way to decarbonise.

• Nuclear, renewables, storage, and gas compete under CO₂ pressure.

• How difficult carbon neutrality is

• Which technologies dominate

• How system structure changes

• What is the cost to reach Carbon Neutrality target



Inputs & Key Assumption 

Input #2

Weather Data: used to generate RE profiles 

Input #1

Load Projection: hourly load projection based on studies of annual 
load projection

Assumption #1

Model is single region, without neighbor country connection

Assumption #2

14 nodes. 1 for each oblast/region. 

Assumption #3

Regional load disaggregation will the same current load share

Input #3

Existing Power Plant list with installed capacity, retirement      period  and 
etc

Assumption #4

Investment periods: 2026, 2030, 2050

Assumption #5

No new coal capacity in any scenario. 

Input #1b

Load Projection: special separate load for Net Zero Emission 
Scenario 

Assumption #6

Seasonal load profiles(patterns) will not change in the future 



Input#1: Load Projection

Data taken from ‘vervestacks.cloud’ from 2020 till 2050. It was extended till 2060 with the same 5 year step 

following the same rate decline



Input#1: Load Projection



Input#1: Load Projection



Input#1: Load Projection - separate case 

in 2060

299.8 TWh Annual energy data projection (5 year step) is taken, which 

corresponds to the scenario with highest CO2 cost



Input#1: Load Projection



Input#2: Weather Data

GRIB files for wind and solar information were taken from ‘Copernicus’ database

Solar related info:

surface_solar_radiation_downwards

surface_thermal_radiation_downwards

surface_net_solar_radiation

2m temperature

surface pressure



Input#2: Weather Data

GRIB files for wind and solar information were taken from ‘Copernicus’ 

database

Wind related info:

10m_u_component_of_wind

10m_v_component_of_wind

100m_u_component_of_wind

100m_v_component_of_wind



Input#3: Existing Power Plants 



System-Level Outputs: Network Topology



System-Level Outputs: Network Topology



System-Level Outputs: Network Topology



Analysed Scenarios

BAU - BUSINESS AS 
USUAL

RENEWABLE TARGET NET ZERO EMISSION BY 
2060

Continuation of current 

trajectory with no new 

major policy interventions; 

serves as the reference 

case for costs, emissions, 

and risks.

Short-/medium-term stress 

test: checks if 2030 RES 

objectives can be achieved 

with acceptable costs or 

stability issues.

Explores a credible pathway 

consistent with carbon 

neutrality by 2060, 

requiring large-scale RES, 

flexibility, and potentially 

grid reinforcement under a 

CO₂ constraint.

NUCLEAR 
INTRODUCTION

Evaluates nuclear as firm 

low-carbon baseload after 

2035 and its system effect



What Questions this study aims to answer

*HORIZON: 2026-2060



Difficulties



Inputs & Key Assumption 

assumption

2026–2060 = 35 years = 306,816 hourly snapshots

investment decisions mostly depend on typical system behaviour, not on every single hour of every year.

Operational-year sampling 

We solve only a few carefully selected “representative years”,

 but we weight them so that their energy, costs, and emissions represent the full 35-year period exactly.

Instead of solving all 35 years, we solve only: [2026, 2030, 2035, 2040, 2045, 2050, 2055, 2060]

For example:

2026 represents 4 years. 

In total = 35064 hours.

Operational year hours = 8760

Weight =35064/8760 ≈ 4.0027

So every hour in 2026 is counted 4.0027 times in:

• Energy totals

• Costs

• Emissions

• CO₂ constraints

• RES shares



Inputs & Key Assumption 



Inputs & Key Assumption 



Inputs & Key Assumption 

*but we are going to loose inter-regional analysis and the answer for the question: where the new plants are going to be built? 



Library version issues



Final setup → RAM situation



System-Level Outputs: Scenario #1



System-Level Outputs: Scenario #1



System-Level Outputs: Scenario #2



System-Level Outputs: Scenario #2



System-Level Outputs: Scenario #3



System-Level Outputs: Scenario #3



System-Level Outputs: Scenario #4

Demand: Basiline Demand: Net Zero 

scenario adopted z

* Virtual imaginary plant with big capacity, high marginal cost and with zero emissions at 500 EUR/MWh cost 

was introduced to avoid model infusibility 



System-Level Outputs: Scenario #4

Demand: Basiline
Demand: Net Zero 

scenario adopted z



Results Summary: Total Emission

1,35 1,38



Results Summary: Total Cost

~534 ~1593



Key insights



Conclusions & 
Next Steps

•  More sensitivity analysis

• Stress more the current results to understand model behavior 

•  Saturate with adding more constraints to make it more realistic

• Investigate more the NZ scenario with more technology options

• Start extending the model into 4 -> 14 node → actual 17 regional  nodes

• Expand to include export\import flows between neighboring countries 



Tool 
Demonstration 
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