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International targets for reducing greenhouse 

gas emissions
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• 2018: Kazakhstan ranked 21st in the world for greenhouse gas emissions (397 megatonnes CO2-equivalent); 

• 77% is attributable to fossil fuel use in the energy sector

• Climate goals:

• Reduce greenhouse gas emissions by 15 per cent by 2030 compared to 1990. 

• Reduce energy consumption by 50 per cent by 2050

• Phase out coal for heat generation after 2050. 

• By 2030, the share of renewable energy must rise to 24 per cent%

• To achieve all these goals:

• the energy efficiency of existing installations must be improved, 

• and to build new, more efficient plants

• reduce losses and 

• use CO2-neutral technologies..

Targets for reducing greenhouse gas emissions
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Overview of practical technologies for heat 

production
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Fossil fuels

топливо Технология Тепловой КПД

твёрдое, жидкое 

и газообразное

Тепловая станция 

централизованного 

теплоснабжения

>90 % (Транспортные 

потери не включены)

жидкое и 

газообразное
Конденсационный котел 102…111 %

твёрдое, жидкое 

и газообразное
Бытовые отопительные котлы 70…93 %

топливо Технология
Электрический 

КПД

электрическая тепловая 

твердое и 

жидкое

 Паровая электростанция с 

нагревательными конденсаторами
0,1…600 MW 0,3…1800 MW 40%

жидкое и 

газообразное
Парогазовая установка 80…830 MW 90…900 MW 62%

газообразное

Микро-ТЭЦ для индивидуальных 

домов:

Двигатели с внутренним сгоранием 

и Стирлинга

1…15 kW 3…52 kW 20%; 

 мощность

Ископаемые энергоносители

Сжигание

Электричество Тепло

Твердое топливо
Уголь

Жидкое топливо
Нефть

Газообразное топливо
Природный газ

Тепловая 
электростанция

Котельная,
Бытовой котел, печь

Тепло
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Fossil energy sources

Solid fuel
Coal

Liquid fuel
Oil

Gas fuel
Natural gas

Electricity Heat Heat

Combustion

Fuel Technology Heat efficiency

Solid, Liquid 
and Gas

District heating plant
>90%(transpor

t cost not 
included

Liquid and Gas Condensing boiler 102…111%

Solid, Liquid 
and Gas

Domestic hot water boilers
70…93%

HoP, domestic 
boiler, oven

CHP
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The CCS process chain consists of three steps:

1. CO2 capture 

- Post-Combustion

- Pre-Combustion

- Oxyfuel

2. Transportation to a suitable storage location

3. Underground storage

 Reduces the efficiency by up to 15 percentage points

 results in an additional fuel requirement of up to 40%. 

 This topic is still being investigated in many 

industrialised countries.

CO2 capture and storage (CCS=carbon capture and storage)
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Renewable heat generation technologies
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Biofuel
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Отходы 

(осадок сточных вод, органические 

фракции бытовых отходов)

Урожай, сбор, предоставление в пользование

Предварительная 
механическая обработка 

(прессование, измельчение)
Транспорт 

Хранение 
(резервуар, силос, поле)

термохимическая 
конверсия 

(пиролиз, газификация)

Физико-химическое 
преобразование 

(прессование, экстракция, 
химическое преобразование)

Биохимическое 
преобразование 

(анаэробная ферментация, 
спиртовое брожение)

Газообразное топливо 
(синтез-газ, биогаз)

Жидкое топливо 
(растительное масло, 

биодизель, биоэтанол)

Твердое топливо 
(пеллеты, древесная щепа)

Горение

ТеплоЭлектричество

Источник:  Kaltschmitt M (2015/16) Energie aus Biomasse. Folien zur Vorlesung. Institut für Umwelttechnik und Energiewirtschaft (IUE), Technische Universität Hamburg-Harburg, Wintersemester 2015/16

Энергетические культуры 

(кукуруза, тополь, сахарный 

тростник, водоросли)

Побочные продукты и остатки 

(солома, навоз, лесные отходы)

Energy crops
(maize, poplar, sugarcane, 

seaweed)

By-products and residues
(straw, manure, forest residues)

Waste
(sewage sludge, organic domestic 

waste fractions)

Harvesting, collecting, providing for use

Pre-machining
(pressing, mincing)

Transport
Storage

(reservoir, silo, field)

Electricity Heat

Solid fuels
(pellets, wood chips)

Liquid fuels
(vegetable oil, biodiesel, 

bioethanol)

Gas fuels
(synthesis gas, biogas)

Combustion

Thermochemical 
conversion

(pyrolysis, gasification)

Physical and chemical 
transformation 

(pressing, extraction, chemical 
transformation)

Biochemical conversion
(anaerobic fermentation, 
alcoholic fermentation)
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• A biomass heating plant or CHP plant uses biomass as fuel, but otherwise does not differ in 

function from a conventional heating plant or CHP plant. 

• Heating plants with capacities from 300 kW to 5 MW per unit

• Larger plants with combined heat and power production

• Fuel utilisation factor of a combined heat and power plant: 80 to 90%.
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Biofuel
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Pellet heating has become popular in recent years due to the high 

level of automation in the addition and control of pellets.

• High energy efficiency (depends on the fuel quality and is 

>90%)

• low emissions 

• The system works automatically

• Pellet producer must be available

• High space requirement for pellets
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Wood gasifiers

Подача 
древесины

осушение

Пиролиз

Основное горение 
(1000°C)

Дожигание

Зола

• Direct use of logs

• Optimal use of fuel 

• High energy efficiency (depends on fuel quality and 

amounts to >90%)

• Low emissions due to high temperatures

• No automation (wood must be added)High space 

requirements for storing wood

• Weekly cleaning is recommended

Innings
wood
drainage
Pyrolysis

Main combustion (1000°C)
Ash

Afterburning
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 Advantages: 

•Biological fuel is considered CO2-neutral, 

•does not contain chemical additives, 

•achieves a high degree of efficiency.

 Disadvantages: 

•Energy crop production competes with food production in terms of agricultural land.

•If the processing and transport stages are included before biogenic fuels are produced, the 

overall efficiency is reduced.
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Biofuel
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= engineering use of heat energy 

stored in the accessible part of the 

earth's crust in the form of sensible 

heat.

- High-enthalpy (T>220°C; two-

phase high pressure steam and 

hot water areas)

- Low-enthalpy reservoirs
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Geothermal 

energy
Петротермальные 

системы
Гидротермальные 

системы

Глубокие 

геотермальные 

зонды

Источник: Erdwärme – die Energiequelle aus der Tiefe. Bayerisches Landesamt für Umwelt

малоглубинные 

геотермальные 

зонды и

Энергетические 

сваи

Использование 

подземных вод

Геотермальные 

коллекторы

приповерхностные геотермальные системы
тепло с глубины до 400 м;  тепловыe насосы

Глубокая геотермальная энергия

тепло на глубине более 400 м

Низкоэнтальпийные резервуарыLow-enthalpy reservoirs

Deep geothermal energy

heat at 400m depth

Surficial geothermal energy

heat from a depth of up to 400m
Petrothermal

systems
Hydrothermal 

systems

Deep 

geothermal 

probes

Geothermal 

reservoirs

Shallow 

geothermal 

probes and 

Energy piles

Groundwater 

use
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Advantages

• practical inexhaustibility 

• Direct heat supply (without heat pump)

• Potential geothermal energy sources: Abandoned oil wells (Elimination/reduction of drilling costs)

Disadvantages

• Close proximity to heat consumers 

• Economic viability of the wells

• Chemical composition of groundwater

• geological risks
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Geothermal energy for heating
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Solar thermal energy is the conversion of solar energy, e.g. via solar thermal systems, into 

usable heat energy at different temperatures.
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Solar thermal energy

высокотемпературные 

системы 

[> 500°C]

Низкотемпературные 

системы

[<150 °C] 

- Электроснабжение

- Промышленное 

тепло

- Отопительное тепло

- Тепло для нагрева 

воды

- Солнечные коллекторы с параболическим 

желобом

- Солнечные башенные системы

- Параболические диски

- Линейные приемники Френеля

Солнечные коллекторы:

- Плоскиe солнечныe коллекторы [<75°C]

- Вакуумные (трубчатые) солнечные 

коллекторы [<150°C]

солнечные 

тепловые системы

high-temperature 

systems [>500°C]

-Electrical power 
supply

-Industrial heating

-Parabolic trough solar collectors
-Solar tower systems 

-Parabolic discs
-Fresnel line receivers 

low-temperature 
systems [<150°C]

-Heat for heating
-Water heating heat

Solar collectors:
-flat solar collectors [<75°C]

-vacuum (tube) solar collectors[<150°C]

solar heat systems
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Solar thermal energy

Труба с водой 
для нагрева

Вакуумная трубка 

Отражающая зеркальная 
поверхность

Покрытие абсорбера

Flat solar collectors

Evacuated tube collectors

Absorber coating

Reflective mirror surface

Water 
pipe for 
heating

Vacuum tube
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solar district heating Senftenberg

Area: 20,000 m2

Heat output: 4.5 MW

Flow temperature: 85...105°C

annual heat consumption: 4 GWh
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Solar thermal energy
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Compression heat pumps are able to absorb heat at a low temperature, raise the temperature and deliver heat to 

consumers in the form of heat energy.
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Heat pumps

Heat for heating
Ambient 

heat

Kinetic  
energy

WATER HEAT EXCHANGER

VERTICAL 
HEAT 

EXCHANGER

HORIZONTAL HEAT 
EXCHANGER IN VARIOUS 

LAYOUTS

HEAT 
PUMP
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Heat sources:

• Air

• Earth (surface collectors, geothermal 

probes)

• Water (groundwater, waste water, river 

water, ...)

• Waste heat from technological processes

Energy efficiency depends on the required 

temperature spread (energy source 

temperature to heating system temperature).

COP = Heat output / power of electric 

compressorTypical COP: 3...5

Heat pump technology

https://www.pea.ru/docs/equipment/heating/teplovye-nasosy/princip-raboty-teplovogo-nasosa/

GROUND-SOURCE HEAT PUMP
An increase in pressure causes the 
temperature of the refrigerant to rise

CONSUMERS
The circuit in the ground 
absorbs heat from the 
environment and 
transfers it to the heat 
pump refrigerant

Compressor

Expansion of the refrigerant by 
reducing the pressure and 
lowering its temperature

Evaporator Capacitor

PumpPump

Throttle

Soil

Indoor heat dissipation 
via underfloor and air fan 
coil systems

Heat is transferred to the 
heating circuit water and 
hot water supply
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Heat pumps in heat networks

Отходящее 

тепло 

Окружающий воздух

Индустриальный тепловой насос

Вода

Сточные воды

Геотермальная 
энергия

Потребители в тепловой сети

• Use of high-temperature heat pumps 

• Use of waste water heat (heat exchangers are inserted into a 

waste water pipe)

• Use of river water or sea water

• industrial waste heat

• Use of many individual heat pumps 

• cold heating networks

Consumers in heat network

Ambient air

Water

Industrial heat pump

Geothermal 
energy

wastewater

Waste 
heat

Biomass

Heat waste

Land Water

Solar thermal 
energy
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Heat from electricity

PEM Elektrolyse Siemens

Viessmann

Возобновляемые источники энергии

Фотовольтаика
Энергия ветра

Гидроэнергетика

Электричество

Газ из электроэнергии=
Power-to-Gas

Тепло из электроэнергии= 
Power-to-Heat

Электролизер
Электродный котел 

Электрический радиатор

Вода

Газовая сеть

Водород Кислород
- Электродный котел для теплосети: 10...90 МВт

-Электрический радиатор для частного дома

ElectricityElectrolyser
Electric boiler

Electric radiator

-Electric boiler for heat network: 10…90MW
- Electric radiator for private house

Hydrogen Oxygen

Water

Gas network

Renewable energy sources

Photovoltaics
Wind Energy
Hydropower
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Questions:

1. Are there already heat generators in the heat network in your region that use renewable energy 

sources?

2. Which 2...3 renewable heat production technologies would you introduce in your region and why? 

1. Biomass; 

2. Geothermal energy; 

3. Solar thermal energy; 

4. Heat pumps; 

5. Gas from electricity; 

6. Heat from electricity;

3. What challenges do you see in integrating renewable energy sources for heat supply?

Discussion platform
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Heat supply technologies should be assessed on a location-specific basis.

Research on the current heat supply:

• How is the heat supply currently being realised? What percentage of the population belongs to each sector

• How high is the heat demand and which heat consumers are connected to district heating ?

• What temperatures are required in the heat network? I.e. what flow temperatures have to reach the heat consumers? 

And what return temperatures can be achieved? 

• How are houses without access to the district heating network currently heated? Are the buildings connected to the gas 

network?
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Determining the potential

District heating Buildings not connected to the heating 
network
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Determining the potential for future heat supply:

Supporting Renewable Technology Inclusive Heat Supply Legislation – Technical and Legal Consultancy ADB. TA 6564 KAZ

Determining the potential

Сектор
Тепло из 

электроэнергии
Газ из электроэнергии Биомасса Геотермальная энергия

Солнечная 

термальная 

энергия

Тепловые насосы

Центральное теплоснабжение 

Смешивание или единственное 

сжигание 

ТЭЦ; Тепловые 

котельные 

Глубокая геотермальная 

энергия

Крупномасштабные 

 солнечные 

тепловые поля

- Теплоотходы

- Река / Озеро / Море

- Сточные воды

Здания, не подключенные к 

тепловой сети

- Воздух

- Земля (наземные 

коллекторы, 

геотермальные зонды)

-грунтовaя водa

Электрические котлы

Газовый котел + 

Водород, смешанный  

с природным газом
пеллетные котлы и 

газификаторы древесины

Приповерхностная 

геотермальная энергия

Солнечные 

тепловые 

коллекторы на 

крыше

Sector Heat from 
electricity

Gas from 
electricity

Biomass Geothermal energy

Gas boiler+
Hydrogen mixed 
with natural gas

Mixing or sole combustion 
CHP plants; HoPs

pellet boilers and wood 
gasifiers

Subsurface 
geothermal energy

Deep geothermal 
energy

Electric boilers

Solar thermal 
energy Heat pumps

District heating

Buildings not connected to 
the heating network

Large-scale 
solar thermal 

fields

Solar thermal 
collectors on 

the roof

-air
-land (surface 

reservoirs, 
geothermal probes)

-groundwater

-Waste heat
-River/Lake/Sea

-wastewater
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Determining the potential for future heat supply:
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Determining the potential

Температура потока в 

тепловой сети  [°C]

Газ из 

электроэнергии
Биомасса

Тепло из 

электроэнергии

Тепловые насосы, 

окружающая среда

Тепловые насосы, 

отработанное тепло

Глубинная геотермальная 

энергия

Солнечная тепловая 

энергия

> 140 - - -

> 110 - -

90-110 - -

< 90 - 95 

≤ 60 

0-20 

Heat network flow 
temperature [°C]

Gas from 
electricity

Biomass
Heat from 
electricity

Heat pumps, 
environment

Heat pumps, 
waste heat

Deep geothermal 
energy

Solar thermal 
energy
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Identification of renewable heat production 
potential in Kazakhstan

Determining the potential for future heat supply:

• Which renewable energy sources are available and economically viable at the location? 

 Determination of geothermal potential

 Determination of solar thermal potential

 Determination of biomass potential

 Determination of heat pump potential

 Determination of "Power-to-Gas" and "Power-to-heat" potentials

Determining the potential
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Determining the potential for future heat supply:

• Which renewable energy sources are available and economically viable at the location? 

 Determination of geothermal potential

 Determination of solar thermal potential

 Determination of biomass potential

 Determination of heat pump potential

 Determination of "Power-to-Gas" and "Power-to-heat" potentials
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Determining the potential
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Determining the potential for future heat supply:

• Which renewable energy sources are available and economically viable at the location? 

 Determination of geothermal potential

 Determination of solar thermal potential

 Determination of biomass potential

 Determination of heat pump potential

 Determination of "Power-to-Gas" and "Power-to-heat" potentials
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Determining the potential

KASACHSTAN Solar- und Windenergie Zielmarktanalyse 2019 mit Profilen der Marktakteure. www.german
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Determining the potential for future heat supply:

• Which renewable energy sources are available and economically viable at the location? 

 Determination of geothermal potential

 Determination of solar thermal potential

 Determination of biomass potential

 Determination of heat pump potential

 Determination of "Power-to-Gas" and "Power-to-heat" potentials
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Determining the potential
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Determining the potential for future heat supply:

• Which renewable energy sources are available and economically viable at the location? 

 Determination of geothermal potential

 Determination of solar thermal potential

 Determination of biomass potential

 Determination of heat pump potential

 Determination of "Power-to-Gas" and "Power-to-heat" potentials
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Determining the potential
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Identification of the potential for future heat supply:

• Which renewable energy sources are available and economically viable at the location? 

Determination of geothermal potential

Determination of solar thermal potential

Determination of biomass potential

Identification of heat pump potential

Identification of "Power-to-Gas" and "Power-to-heat" potentials
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Identification potential
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Determining the potential

Electricity from 
renewable energy 

plants
Biomass Geothermal energy Solar thermal energy Heat pumps

Hydropower: eastern, 
southern and south-eastern 
parts of the country (95% of 

total potential) and 
estimated at 170 TWh per 

year.Photovoltaics: very high 
potential due to long 

summers with many sunny 
hours and high 

irradiance.Wind energy: very 
high potential due to 

geographical and 
meteorological conditions.

Wood: in large quantities as 
chips in the north-eastern 

part of the country.The
extensive agricultural 

industry represents a great 
potential for the production 

of biogas or biodiesel.

Kazakhstan has significant 
low-temperature geothermal 

resources.East-Iliysk
(Zharkent) basin has the 

most suitable geothermal 
conditions in Kazakhstan.

Very high potential due to 
long summers with high 
sunshine hours and high 

irradiance.

Lake, river water: high 
potential near lakes and 

rivers (east, south and south-
east of the country)
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