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Official information:  

The Environmental Report was prepared by national experts in consultation with international 

experts in a joint EU/UNDP/UNECE project “Supporting Kazakhstan’s transition to a Green 

Economy Model” implemented with financial support from the European Union and OSCE Program 

Office in Astana. 

The opinions expressed in this document do not necessarily reflect official position of the 

UNECE, European Union and implementing agencies. 
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TERMS AND DEFINITIONS 

The following terms and definitions are used within this SEA: 

Strategic environmental assessment: assessment of potential environmental impacts, including 

those related to public health, which includes determining the scope of environmental report and its 

preparation, ensuring public participation and consultation, and relevance of the plan or program for 

the environmental report provisions and the results of public consultations.  

Environmental aspect (ecological aspect): an environmental component that may be affected 

(positively or negatively) by activities aimed at implementing the Concept of the fuel and energy 

sector development in Kazakhstan until 2030 (the FEC Concept), and/or an element of activities 

aimed at FEC Concept implementation, which may have environmental effects. 
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1. INTRODUCTION 

Strategic environmental assessment (SEA) is a strategic planning tool aimed at integrating 

environmental priorities into programs, plans and policies. Strategic environmental assessment has 

been actively developing over the past 30 years. The Strategic environmental assessment Protocol to 

the Convention on Environmental Impact Assessment in a Transboundary Context (Espoo 

Convention) was signed in 2003 in Kiev and is opened for signature to all UN member states.   

The UNECE Protocol on SEA defines strategic environmental assessment as “an assessment of 

likely environmental impacts, including those related to human health, which includes determining 

the scope of the environmental report and its preparation, ensuring public participation and 

consultations, as well as provisions of environmental report and the results of public consultations to 

be considered in the plan or programme.” (Article 2.6). 

The practice of many countries has shown high efficiency of SEA as a planning tool that 

contributes to the improvement of plans, programs and strategies quality, reduces environmental and 

social risks associated with implementation of strategic initiatives, and improves the efficiency of 

overall strategic planning system. 

In 2017, the Ministry of Energy of Kazakhstan initiated a pilot project on strategic environmental 

assessment. The “Concept on development of fuel and energy complex of the Republic of 

Kazakhstan” until 2030 (FEC Concept) was proposed as an object of SEA implementation. The FEC 

Concept objective is outlining the path of the FEC branches development in Kazakhstan: electric 

power, coal, oil, gas, nuclear, renewable energy sources (RES). 

According to the Protocol, SEA is carried out for plans and programs that are being developed 

for agriculture, forestry, fisheries, energy, and a number of other industries, as defined in Article 6 of 

the Protocol on SEA. The SEA objects are also plans and programs that determine the basis for issuing 

future projects permits that require an environmental impact assessment in accordance with national 

legislation. The Protocol on SEA also supports SEA implementation in relation to strategies, policies 

and legislation. 

FEC Concept determines the FEC development areas, and determines the list of key projects 

necessary to implement this Concept. All these projects require an EIA during their development. 

Thus, the SEA implementation is required for FEC Concept. 

 2. PROCESS ORGANIZATION AND BASIC METHODOLOGICAL APPROACHES  

The Ministry of Energy of Kazakhstan (the Ministry) adopted the FEC Concept in 2014. In 2017, 

the Ministry began reviewing and refining the Concept, for which the Ministry’s Working Group was 
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established. At present (by the time of SEA completion, November, 2018) the revision of FEC 

Concept has entered the final phase; its completion and approval of updated Concept is scheduled for 

2019. 

The SEA of the FEC Concept was conducted in parallel with the revision/refinement of FEC 

Concept. An expert group (SEA Group) was established to conduct the SEA, including national 

experts in energy, environmental protection, environmental impact assessment (EIA), climate change, 

healthcare, biodiversity and strategic planning, as well as international experts in SEA. 

The SEA Group and the Ministry’s Working Group worked in parallel and independently, but 

in close contact, which was expressed in constant exchange of information, discussion of SEA interim 

recommendations at meetings and routinely, and taking these recommendations into account when 

revising and refining the FEC Concept. 

2.1. SEA process organization 

The SEA process was organized in stages, in accordance with requirements of Protocol on SEA:  

(1) Screening and scoping, and 

(2) Conducting full analysis and preparation of Environmental Report (SEA Report). 

Consultations with stakeholders were held at all stages of the SEA. 

Stage 1. Screening and scoping (November, 2017 - March, 2018) 
The first stage included screening and scoping (composition and scope of work on SEA). The 

following studies were performed:  

• Analyzed strategic planning context, in which the FEC Concept is formed and implemented, 

the main strategic planning documents were prepared and analyzed, setting the framework for the 

FEC Concept development until 2030; environmental objectives have been identified for further 

targeted analysis; 

• Reviewed available environmental and social information, identified the main trends and 

critical gaps in information required for SEA implementation; 

• Analyzed structure and content of draft FEC Concept available at the end of 2017, analyzed 

the FEC development scenarios proposed in the draft Concept, recommendations on refinement of 

development scenarios were developed and submitted to the working group of the Ministry of Energy; 

• Carried out impact identification, preliminary assessment and ranking; 

• Analyzed potential transboundary impacts, need and possible areas for transboundary 

consultations; 

• Identified issues for further study; 
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• Developed preliminary recommendations. 

Scoping report1 was prepared, consultations were held with the ministries and departments 

concerned, as well as with the general public. 

Stage 2. Full assessment and preparation of report on SEA (April - November 2018) 

The process of full assessment and preparation of environmental report is based on the SEA first 

stage results, the stage of scoping. The list of questions for evaluation is taken as a basis for further 

deeper study. 

The full assessment included: 

• Collection and analysis of additional information on the state of environment and public health 

in the regions where FEC facilities are located; analysis of existing trends; 

• Refined scenarios for FEC development were received from the Working Group of the 

Ministry of Energy of Kazakhstan; comparative environmental assessment of these scenarios was 

carried out, including targeted analysis and analysis of potential environmental and health effects; 

• Developed recommendations aimed at preventing and minimizing the potential negative 

consequences of the FEC Concept implementation and enhancing the positive effects. 

 

Organization of interaction with stakeholders 

One of the key elements of SEA is consultations with stakeholders. Consultations within the 

SEA are envisaged at all its stages with specialists from government bodies, industrial companies, 

and representatives of public organizations. Consultations are an important source of information and 

are held for in-depth study and description of potential effects of the measures implementation in 

terms of changes introduced to FEC Concept on the environment and public health, refinement of 

environmental goals and priorities (including public health), and, if necessary, for planned events 

adjustment. 

The informational basis for consultations was the draft reports prepared at each stage, as well as 

informational and training materials prepared as part of the pilot Project. Comments and 

recommendations were carefully analyzed and taken into account within the SEA process. 

Identification and analysis of stakeholders were carried out at the stage of screening and scoping 

for a more efficient organization of consultations. Stakeholders include any persons or groups of 

persons who may be directly or indirectly affected by FEC Concept implementation and/or having 

interest in discussing the environmental and social consequences of its implementation. 

The following groups of stakeholders were highlighted: 
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• entities directly or indirectly associated with the energy sector; 

• state bodies pursuing state energy policy, 

• affected population: residents who could potentially be affected by the FEC Concept 

implementation and its environmental aspects; 

• public concerned: citizens and public organizations that express interest in discussing the 

FEC Concept and its environmental aspects; 

• states that could potentially be affected by transboundary effects of the FEC Concept 

implementation in Kazakhstan. 

Energy sector entities: direct participants in energy markets include state-owned companies: 

Joint-Stock Company National Company KazMunayGas, Joint-Stock Company KazTransGas, Joint-

Stock Company Samruk-Energy. Representatives of private companies and on behalf of industry 

associations may be the National Chamber of Entrepreneurs of the Republic of Kazakhstan 

“Atameken”, Association of Mining and Metallurgical Enterprises, Electricity Association, 

Republican Public Association for the Conservation of Biodiversity of Kazakhstan (ACBK). 

State authorities: in addition to immediate divisions of the Ministry of Energy of Kazakhstan 

participating in the process of FEC Concept amendment, this also includes state authorities involved 

in agreeing on the FEC Concept for final approval, state authorities competent for regulation of 

aspects affected by the energy sector. For example, the Ministry of Health, the Ministry of 

Agriculture. Management of natural resources and regulation of environmental management of 

regional mayors’ offices. 

Affected population: population, authorities and local governments of the territories where the 

FEC Complex objects are located. The affected population should include, first of all, the population 

of Pavlodar, Karaganda, East Kazakhstan regions, Astana city, Ekibastuz, etc. 

Public concerned: representatives of republican, local and international NGOs involved in 

environmental issues, research centers in the field of energy and environmental protection. 

The open list of stakeholders was refined and supplemented during the consultation process. 

Meetings and consultations with stakeholders 

      The first consultations on the project took place in Astana on 5 and 6 March 2018, where the 

Report on SEA of the FEC Concept screening was presented. Specialists from relevant state 

authorities of Kazakhstan, international consultants to the UNECE and the OSCE, national experts 

and the general public took part in the discussions. 

Subsequent consultations were held with relevant state authorities, enterprises and public in the 

cities of Pavlodar (06.04.2018), Karaganda (13.04.2018) and Astana (15.05.2018). Representatives 

of state authorities in the field of environmental protection of regions, large organizations and 
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companies, such as JSC NC KazMunayGas, LLP Karaganda Energy Center, JSC Shubarkol Komir, 

JSC Pavlodarenergo, LLP Bogatyr Komir and public organizations (NGO Ecom, EcoMuseum, etc.) 

took part in consultations. Selected regions are associated with high concentration of fuel and energy 

complex facilities in them and their significant negative contribution to environmental impact. The 

first results of SEA were discussed during the consultations; additional information was collected on 

environmental state and the FEC impacts and measures taken in the regions. Consultations were based 

on presenting the results of work done on scoping, preliminary conclusions and recommendations. 

The consultation participants expressed interest in the work being carried out, expressed their 

views on the main environmental problems associated with the FEC development, offered their 

recommendations for discussion within the SEA of FEC Concept. 

According to regional authorities, monitoring of environmental requirements is at a high level. 

Representatives of energy sector enterprises note the need to comply with environmental 

requirements, but also note the lack of a connection between their payments for environmental 

pollution and their use. These payments according to state budget policy are not linked to the need to 

use them for targeted activities. According to NGO representatives, in some cases there is a formal 

approach to organizing public discussions on environmental aspects of projects. However, it is 

generally noted that such facts do not have a systematic tendency. 

         The on-site meetings in the regions also suggested obtaining additional information on the 

ground to update the environmental report in the process of its preparation. The preliminary plans of 

the regional authorities of Karaganda regarding the inclusion of natural gas in the energy balance, 

planned to be delivered via the new gas pipeline “Saryarka.” First, it is planned to replace coal 

consumption with gas at regional boiler houses (the municipal sector), which should contribute to 

creating the maximum effect to reduce environmental costs. The gas conversion program is currently 

in the process of update. 

        Regarding the observed trends in the regions related to energy sector, NGOs observed 

change in behavior of consumers living in private housing, who do not have access to central heating. 

In particular, in some cities of Karaganda region the population began to actively transfer housing 

heating from electricity to coal after the abolition of policy of providing a preferential night tariff for 

electricity. 

Based on results of on-site meetings, several recommendations for working group of the 

Ministry of Energy were developed and presented in this report. 

On 14 November 2018, final consultations with stakeholders on the Environmental Report were 

held at the final round table “Strengthening environmental assessment systems in Kazakhstan in line 

with Convention on Environmental Impact Assessment in a Transboundary Context and its Protocol 

on Strategic Environmental Assessment.” The event was attended by about 80 participants - 
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representatives of working groups of the Ministry of Energy of Kazakhstan on the development of 

environmental legislation and review of the FEC Concept, experts from relevant departments of the 

Ministry of Energy of Kazakhstan, non-governmental and industrial organizations, international and 

diplomatic missions in Kazakhstan. 

During the round table discussions, the experts of pilot project of SEA of the FEC Concept 

outlined the main risks associated with fuel and energy sector development in Kazakhstan with 

respect to environmental and public health aspects. A team of experts presented recommendations for 

working group of the Ministry to revise the FEC Concept for further development of the Concept, for 

further strategic planning, as well as for design and further implementation of recommended 

mitigation measures. The consultations participants have noted the importance of completing the SEA 

of FEC Concept in full compliance with provisions and requirements of the Protocol on SEA. Due to 

impossibility of completing this work within the ongoing project activities, the participants requested 

international donor organizations to support the work initiated in full compliance with international 

requirements after the project completion. 

The presented analysis and recommendations were positively received by the event participants. 

The Environmental Report is publicly available on website of the Ministry of Energy 

(http://energo.gov.kz/index.php?id=19167) for study and further comments.   

2.2. Basic approaches and analysis methods  

2.2.1. Approaches adopted in SEA: global experience and SEA Protocol’s requirements 

The SEA widely uses two complementary approaches in the global practice: 

• Strategic analysis1: the approach is based on analysis of “policies” (priorities, goals, 

objectives, etc.); methods of strategic analysis allow to directly include environmental 

priorities in a strategic initiative, combining priorities of economic development and 

environmental conservation; 

• Impact approach: the approach is based on methods to assess impacts and risks and 

predict the expected consequences. 

The Protocol on SEA requires an assessment and description in the Report on SEA of potential 

impact on the environment and public health due to plan/program implementation (Article 7, p. 2, 

and Annex IV, p. 6), i.e. directly recommends using an effects-based approach. 

 In addition, the Protocol requires to provide “information about the content and main objectives 

of the plan or program and its relation with other plans or programs” (Annex IV, p. 1) and describe 

“environmental objectives, including those related to public health established at international, 

national and other levels relevant to the plan or program, as well as ways to incorporate these goals 

http://energo.gov.kz/index.php?id=19167
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and other environmental, including health-related, considerations into the process of plan or program 

preparation” (Annex IV, p. 5), i.e. recommends certain elements of the Strategic analysis. 

Both approaches were used within this SEA, each of which has its own advantages and 

limitations, its own tried tools. The following brief description demonstrates methods used in this 

SEA. 

2.2.2. Strategic analysis methods 

Strategic context analysis: FEC Concept is developed on the basis of strategic planning 

documents that set overall priorities for economic development of Kazakhstan (superior strategic 

planning documents) and is implemented through plans, programs, priority projects developed on its 

basis and aimed at implementing priorities identified in FEC Concept (inferior documents). The 

analysis of strategic planning context is aimed at visualizing these links (first, links of the FEC 

Concept with superior documents) and identifying gaps that need to be filled. Based on this, proposals 

are made to elaborate necessary strategic documents in the development of FEC Concept (plans, 

programs, regulations). 

Target analysis involves the analysis of FEC Concept for compliance with environmental 

objectives stated in the document and/or superior strategic planning documents. Target analysis is 

carried out at several levels: (1) analysis of development goals stated in FEC Concept for compliance 

with environmental objectives: (2) analysis of development scenarios; (3) analysis of activities; (4) 

monitoring indicators. The results of target analysis create the basis for direct implementation of 

environmental priorities in the relevant elements of FEC Concept. 

Scenario analysis assumes elaboration of development scenarios and subsequent analysis of 

their comparison according to specially developed indicators. Indicators governed by the principles 

of full product life cycle assessment are very informative for environmental assessment of projects 

and/or strategic initiatives for the economy sectors development. Within this SEA, the development 

scenarios embodied in the draft FEC Concept were routinely revised by the Working Group of the 

Ministry of Energy based on SEA recommendations at the first stage of its implementation (screening 

and scoping). Further, a comparative analysis of scenarios was carried out by methods of target 

analysis and selected indicators. 

2.2.3. Impact assessment methods (impact approach) 

 

Figure 2.1. Environmental impact assessment: basic idea 

activity aspect effect recipient
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Environmental impact assessment is built on chain analysis: “activities - aspects - effects - 

recipients” (Figure 1) and includes: 

• identification of those elements of activity that may affect the environment (aspects), 

• assessment of those changes in the environment (effects) that may be caused by this activity 

and the probability of their occurrence; 

• identification of sensitive elements of the environmental (recipients) , which can perceive 

these effects; 

• analysis and assessment of significance of environmental effects as a function of the recipient 

sensitivity (environmental value), the magnitude of effect (the degree of changes in natural 

and social environment), and probability of the effect of such magnitude. 

The impact approach is well developed in the practice of environmental assessment of projects 

(EIA); developed a wide range of methods. The value of this approach lies in the ability to predict 

effects of planned activities on the environment and public health. The accuracy of such forecasts is 

very high if there is the exact binding of sources of influence to a territory. 

At the level of FEC Concept, information on location of planned impact sources (as well as on 

decommissioning and reclamation of existing sources) is not available or is available only generally. 

However, the impact approach and impact assessment methods were used for qualitative and semi-

quantitative assessments, as well as for creating tools for subsequent stages of strategic planning and 

design. 

Mapping/GIS methods: as part of SEA, thematic maps have been developed showing relative 

location of existing and planned FEC facilities and sensitive elements of the environment (maps of 

stressful and/or sensitive zones) according to the topics: air, biodiversity, public health. These maps 

made it possible to draw certain conclusions at this stage of strategic planning (FEC Concept) and 

can serve as an additional planning tool at subsequent stages. 

Qualitative assessment of effects on individual elements (aspects) of the environment was carried 

out in all FEC sectors. 

Key indicators: as part of SEA, key indicators have been developed to monitor FEC Concept 

and its implementation effects on the environment. Comparative assessment of scenarios was carried 

out based on two priority indicators. 

This assessment is limited. In-depth analysis and development of indicators based on full product 

life cycle are recommended for subsequent stages of strategic planning. 
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3. MAIN CHARACTERISTICS OF FEC CONCEPT 

3.1 FEC Concept structure  

The concept of fuel and energy complex development in Kazakhstan until 2030 is a strategic 

planning document regulating the areas of long-term energy development. As stated above 

(Introduction), the document was approved by Kazakhstan’s government decision dated 28 June 

2014. At present, the FEC Concept is being revised. The revision order and terms are determined by 

the Order of the Minister of Energy of Kazakhstan on the establishment of a working group to prepare 

for introduction of changes to the existing “Concept of fuel and energy complex development in 

Kazakhstan until 2030.” To date, the period of preparation of FEC Concept has been extended to 

2019. The decision was made by the head of the Working Group of the Ministry. The reason for the 

extension is due to the need for a longer time to refine and prepare missing elements within the 

document. 

The structure of new version of the FEC Concept has not changed fundamentally and includes 

four blocks: 

• Block 1. Current situation analysis; 

• Block 2. Development trends and vision; 

• Block 3. Basic principles and general approaches to development; 

• Block 4. List of regulatory legal acts to support FEC Concept implementation. 

This structure partially complies with the requirements of national legislation of Kazakhstan to 

concepts and doctrines. The FEC Concept lacks a set of goals provided for by the “Rules for the 

development of a concepts and doctrines”, along with priorities and development scenarios. In 

addition, the FEC Concept lacks block to monitor and evaluate the effectiveness of Concept 

implementation, which is not required for documents of this level as required by national legislation, 

but is recommended by the approaches and principles of the best international practice in the field of 

strategic planning. The monitoring and evaluation block is needed to provide the feedback required 

at all stages and levels of strategic planning. It is advisable to elaborate goals of FEC Concept 

development until 2030 and include indicators according to which the achievement of goals and 

effectiveness of FEC Concept implementation will be assessed.  

3.2. FEC Concept contents and introduced amendments 

Block 1. Current situation analysis includes historical information about changes in energy 

sector, current situation description, industry development trends and the events held. This block also 

identifies key problem areas in the energy sector: 

• strong bias between the energy resources production and their processing, which leads to their 

low economic return; 



16 
 

• significant amount of associated gas, produced jointly with oil, which is reflected in the higher 

cost of marketable gas production; 

• decrease in replenishment and quality of the resource base in oil and gas and nuclear 

industries; 

• low environmental friendliness of applied technologies of the fuel and energy complex. 

Statistical information was updated and problem areas were refined in the Block as part of the 

Concept revision. 

Block 2. Development trends and vision was revised extensively. The approaches and principles 

of forecasting were refined, according to preliminary recommendations of SEA, new development 

scenarios were developed, taking into account possibilities of structural changes in energy sector. 

Perspective vision reflects the need to ensure energy for the country's energy security, as well as 

the growth of its economic potential. In order to ensure energy development in the long term, it will 

be necessary to significantly increase reserves of explored resources through the intensification of 

geological exploration. The problem is planned to be solved through intensification of targeted 

investment policy in the field of geological exploration. 

Block 3. Basic principles and general approaches to development   

The Block includes analysis of the best international practices in the field of energy, as well as 

applicability of this experience for implementation in Kazakhstan. It provides for measures aimed at 

achieving the goals of FEC Concept, including structural changes in domestic markets of primary 

energy resources and products of its processing. 

The Block is at the stage of substantial update, development of ways for practical 

implementation of priority development scenarios identified in the previous Block. 

Block 4. List of regulatory legal acts to support FEC Concept implementation describes 

legislative activities that contribute to the achievement of FEC Concept objectives at the legislative 

level. The Block will be filled at the final stage of FEC Concept preparation. 

3.3. FEC development scenarios stipulated in the Concept:  

Significant change is elaboration of new scenarios for fuel and energy complex (the FEC) 

development by the Working Group of the Ministry of Energy. The draft FEC Concept sets forth four 

scenarios for the fuel and energy complex development until 2030: Basic, Gas, Combined, and 

Optimistic. Each scenario is based on those structural changes in energy sector that are supposed to 

be implemented within this scenario. It also reflects target indicators, the achievement of which is 

required for energy sub-sectors. 

The working group includes four scenarios in the FEC Concept presented below. The presented 

scenarios were prepared based on strategic recommendations of SEA group. The SEA group also 
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participated together with the working group in preparation of indicative goals in the indicative 

forecast of structural changes.   

1. The scenario assumes keeping indicators of production, energy consumption by 2030 at the 

level of 2016-2017. Electricity and heat production, as well as indicators of energy products export 

will also remain at current indicators. The share of solar and wind generation will remain at 1%. 

Ecological burden on the environment will be stable with an increase in overall cumulative effect.   

• Basic: It is forecasted that current trends in fuel and energy complex will continue in the 

future, focusing on policy of coal use economic attractiveness, limited development of 

renewable energy sources and curbing gas consumption due to infrastructure constraints. 

Policies to reduce emissions will be limited, the state will not expand its incentive 

environmental policy. The forecast of electricity production by 2030 will be 94.1 billion 

kWh, which corresponds to the base year 2016. The share of electricity and heat 

generation based on coal (excluding consumption by the public sector) by 2030 will 

remain at the current level - 69%. Gasification level of population will remain at the 

value of 47.4% (indicator of 2017), which corresponds to ensuring access to commercial 

gas for 8.5 million people. Sectoral plans and programs are mainly focused on holding 

local events related to supporting fuel and energy complex functioning.  

 2. Scenarios focused on significant increase in oil and gas production by 2030. The consumption 

of marketable gas is actively expanding by all consumption groups. Gasification level of population 

increases to 56% due to active development of gas infrastructure. Electricity generation and 

consumption is increasing by 9.5% to 103.2 billion kWh. The share of electricity and heat generation 

is increasing based on renewable sources and decreasing based on the coal. Overall ecological 

burden on the environment from fuel and energy complex in the following forecast scenarios will 

decrease. The latter contributes to both the increase in share of consumption of more environmentally 

friendly energy carriers, and the overall increase in energy efficiency through implementation of 

relevant measures. Change in ecological burden for each of the following scenarios requires a 

separate assessment in subsequent chapters.  

• Gas: Active expansion of domestic consumption of marketable gas by all consumer 

categories. The total domestic consumption will increase by 2030 to 18 bln m3 (at present 

14 bln m3). Electric power industry consumption will increase indicatively from 7.4 bln 

m3 to 9.8 bln m3, which corresponds to an increase in the share of gas-based generation 

from 20% to 25%. Gasification level of population reaches a value of 56%, taking into 

account population growth. The development of a large infrastructure gas project “Sary-

Arka” promotes the expansion of coal use in municipal sector by replacing the use of 

coal. In addition, gas scenario is complemented by measures for active state support of 
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renewable energy sources (wind, solar generation and mini hydroelectric power plants), 

whose share in total electricity generation will grow from 1% to 5%. In general, 

according to scenario, due to a decrease in the share of heat and electricity production 

based on coal (from 69% to 60%), specific environmental impact per kWh is reduced 

• Combined: The scenario includes all key events of Gas Scenario. In addition, it is also 

accompanied by a higher level of both state support for renewable energy sector and 

optimal market and technological conditions for their development than in the Basic and 

Gas Scenarios. The share of solar, wind generation and mini hydroelectric power plants 

increases to 10% by 2030. The expansion of gas generation and generation based on 

renewable sources reduces the demand of electricity sector for coal to 55%. In general, 

Combined Scenario is a Gas Scenario version with deeper development of renewable 

energy sources. 

• Optimistic: Reflects energy condition forecast in implementation of ambitious goals of 

“Strategy – 2050”, “Concept for transition of the Republic of Kazakhstan to Green 

Economy.” An active stimulating position of the state is expected to radically change the 

structure of fuel and energy complex in favor of expanding eco-friendly industries, 

including by reducing traditional ones. The state has all the necessary resources for this. 

Further development of generation based on renewable energy sources is ongoing. Their 

share in total generation reaches 12%. The development of atomic generation is included 

only in optimistic scenario. The project for nuclear power plant construction was part of 

the country's atomic program to create complete technological chain from extraction of 

natural uranium and production of final nuclear fuel to its consumption inside the country 

at the nuclear power plant. This project in the presence of sufficient traditional power 

generation capacity looks more imaging than essential for domestic energy system. 

Nuclear power generation forecast is 8% by 2030. Thus, the share of all alternative and 

renewable energy sources, as well as nuclear generation in the balance of power 

generation reaches a maximum value of 30% (current value is 11%). Gas-based 

generation is expanding to 25% (current value is 20%). These significant changes 

directly affect substantial drop in the share of coal in electric power generation by up 

to 40% (current value is 69%).            

In general, the scenarios differ from each other primarily in the level of structural changes in 

fuel and energy complex forecasted by the year 2030. Indicators of changes are set by indicators 

reflecting the comparison and change in role of various energy branches both as a whole and among 

themselves. The principle of building scenarios is a consistent increase in the scale of structural 

changes from the Basic Scenario to Optimistic Scenario. Where in the first case there are no system 
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changes with their gradual growth in Gas and Combined Scenarios with maximization of changes in 

Optimistic Scenario.      
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4. ENVIRONMENTAL CONDITION AND CURRENT TRENDS 

4.1 Emissions into atmosphere and air pollution  

Air emissions in various regions of Kazakhstan differ significantly, both in terms of emissions 

and types of pollutants. These indicators depend on the level of industrial development in the region, 

types of production activities, used equipment and emissions cleaning systems. 

The most industrialized and, as a result, the most polluted regions in Kazakhstan are Karaganda, 

Pavlodar, Atyrau, Aktobe and East Kazakhstan. In 2016, pollutant emissions into the air from 

stationary sources amounted to 2.2 mln tons, and their level compared with the previous year 

increased by 4.2%. 

The problems of air pollution are less acute in Kostanay, North Kazakhstan and Akmola regions. 

This is associated with significantly lower concentration of industrial enterprises in these areas and, 

accordingly, with lower emissions of harmful pollutants into the air [1]. 

 
Figure 4.1.1. Pollutant emissions from stationary sources in 2016 

Figure 4.1.1 shows the largest contribution to air pollution is observed in Karaganda region 

(593.0 thous. tons), Pavlodar (542.7 thous. tons), Atyrau (167.0 thous. tons), Aktobe (155, 7 thous. 

tons) and East Kazakhstan (128.6 thous. tons) regions. 

In Kazakhstan, atmospheric air quality is monitored by RSE Kazhydromet using stationary and 

automatic observation stations. The number of automatic stations is increasing annually and currently 

makes up 82 stations.  

In 2015, Stepnogorsk, Ust-Kamenogorsk, Almaty, Ridder, Zhezkazgan, Shymkent, Temirtau, 

Karaganda were characterized by a high level of pollution. The cities with high levels of pollution 
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include 6 settlements: cities: Taraz, Semey, Aksai, Ekibastuz, Balkhash; villages: Akai, Beyneu, 

Glubokoe. 

The main pollutants are sulfur dioxide (SO2), nitrogen oxides (NOX), carbon monoxide (CO) 

and particulate matter (TSS) formed during the production and other human activities. They account 

for about 90% of total emissions of harmful substances. In addition to the main pollutants, more than 

70 items of harmful substances are observed in the atmosphere of cities and towns. 

 

 
Figure 4.1.2. Pollutant emissions from stationary sources for 2011-2016 

The Figures 4.1.3, 4.1.4 below show the dynamics of gross domestic product growth in the 

Republic of Kazakhstan for 2012-2016 and change in specific pollutant emissions for the same period 

kg/USD 1000. 

 
Figure 4.1.3 - Gross domestic product growth 4 
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Figure 4.1.4 - Emissions of major pollutants per unit of GDP [1] 

Figure 4.1.4 shows average total emissions per unit of GDP range from 0.2 to 2.1 kg per USD 

1,000. With GDP growth, a decrease in specific emissions of sulfur dioxide, carbon oxide, TSS and 

hydrocarbons was revealed, while emissions of nitrogen oxides remained at the same level. The 

largest decrease is observed in TSS, which is a consequence of dust-cleaning equipment installation 

at the enterprises of Kazakhstan. 

In 1990, emissions of pollutants (sulfur dioxide, nitrogen oxides, carbon monoxide, hydrocarbon 

and TSS from stationary sources to atmosphere amounted to 4,649.9 thous. tons/year, in 2016 

emissions of pollutants to atmosphere from stationary sources amounted to 2,271,6 thous. tons. 

Emissions decrease has two reasons: 

1. non-achievement of production levels like in 1990; 

2. production upgrade and dust-cleaning equipment installation at FEC enterprises. 

 

4.1.1 Impact of electric power facilities on the atmosphere 

Electric power industry facilities account for 43–45% of total pollutant emissions from 

stationary sources, one third of which are ash emissions. Emissions from CHP plants account for up 

to 70% of the total emissions of power facilities. 

Assessment of the impact on the quality of atmosphere from enterprises of Kazakhstan engaged 

in production of electric and thermal energy was carried out on the basis of data from national reports, 

statistical reports, as well as data from 29 FEC companies. 

Emission dynamics analysis was carried out for the main pollutants (solids, gaseous: SО2, CO, 

NOx). 
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Most thermal power plants use coal with high levels of ash, which range from 30% (Karaganda 

coal) to 45% (Ekibastuz coal). 

The amount of fly ash, sulfur oxides and nitrogen in the boilers depends strongly on the type and 

quality of burned fuel. Transition from selective extraction of Ekibastuz coal to gross leads to an 

increase in ash content and decrease in fuel caloric content, and ash content indicators increase 

accordingly. Figure 4.1.5. shows the dynamics of emissions of solids, nitrogen dioxide, sulfur dioxide 

and carbon oxide from power facilities for 2014-2016. 

 
Figure 4.1.5. Dynamics of pollutant emission from power facilities 

The diagram shows characteristics of pollutant emissions (solids (TSS), nitrogen dioxide, sulfur 

dioxide, carbon oxide) to the environment have not changed over the past three years. 

Macroscopic composition of ash particles contained in flue gases is formed from compounds of 

silicon, aluminum, iron, calcium, magnesium, potassium, and titanium, which remain solid or liquid 

in burning processes. The composition of fly ash also includes trace elements, compounds of which 

evaporate, and then condense or adsorb on ash particles when the flue gases are cooled. These include 

cobalt, chromium, copper, nickel, vanadium, zinc, antimony. In addition to metal oxides, ash particles 

contain sulphates, nitrates, ammonia and organic compounds. Mainly particles smaller than 5 microns 

in size (larger particles are trapped during cleaning) are released into the atmosphere. 

At the same time, ash collecting systems are not installed at all stations. Purification of flue gases 

at domestic energy enterprises is limited to fly ash capture. The average ash collection rate achieved 

in the industry is 96% and cannot be considered satisfactory.  

Some power plants use second generation emulsifiers to trap solid particles. The specificity of 

emulsifiers is such that most systems are installed inside the bunker of old scrubbers. Thus, the 

number of emulsifiers on one boiler varies from 3 to 5, the efficiency of which reaches from 99.1% 

to 99.5%.  
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Current emission standards for particulate matter, established for coal-fired power plants in 

Kazakhstan, exceed the level established by the European Union standard several times (Kazakhstan 

- 600- 1200 mg/m3, EU - 20-30 mg/m3) [2]. 

Over the past 5 years, coal-fired power plants have invested significant funds in measures to 

reduce dust emissions, however, dust emissions still exceed 3-6 times the permissible levels set by 

European standards. 

Some power plants have implemented fuel control systems in individual boilers, which reduce 

emissions of nitrogen oxides by 30% by replacing air preheating and installing burners with low NOx 

emissions. As a result, the total level of NOx emissions meets the requirements. The existing primary 

methods of fuel combustion control systems allow an average 7% reduction in NOx. 

Coals contain from 0.2 to tens of percent sulfur, mainly in the form of pyrite, sulphate, ferrous 

iron and gypsum. Two ways are possible to reduce sulfur concentration in combustion products of 

fuels: sulfur content decrease in fuel before it is burned and purification of flue gases from sulfur 

oxides. Existing sulfur trapping methods for fuel combustion are not used due to complexity and cost. 

Existing dust collection systems (wet ash collection), only partially cope with the task of trapping 

emissions of sulfur oxides. Trapping efficiency varies from 3% to 10%. The average level of 

emissions of sulfur oxides by coal-fired thermal power plants (TPPs) is 6 times higher than the values 

established by the KTU Directive for “new” European TPPs, and three times for “existing” ones. 

In order to comply with environmental legislation, enterprises regularly carry out a set of 

measures to protect the environment, including measures for protection of atmosphere, conduct 

timely overhaul and maintenance of ash collection plants. It should be noted that in Kazakhstan there 

is no co-financing of environmental protection measures from the state budget or any funds. 

Dust and gas cleaning equipment is not produced on the territory of Kazakhstan, which makes 

it necessary to purchase it abroad and increases its cost. 

Achieving the European standards for environmental emissions of existing CHP, GRES is 

difficult, since most of the stations have been operating for over 50 years. Station equipment is 

obsolescent and worn out. The layout of existing technological equipment does not provide for 

installation of additional cleaning systems (there is no free space to accommodate additional dust and 

gas cleaning equipment). 

The amount of pollutant emissions from power facilities in Kazakhstan has not changed 

significantly over the past 10 years. This fact is a consequence of sustainable internal and external 

demand for energy, and it focuses on general economic situation in the region. In recent years, 

Kazakhstan has planned to construct coal stations: Balkhash TPP and TPP-3 in Astana, however, at 

present, implementation of projects is suspended for an indefinite period. 
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Significant reduction in emissions (to achieve higher European standards) can be achieved 

through significant investments in technological equipment of thermal power plants and transfer of 

small municipal consumers from coal to other fuel sources. 

At present, electric power industry facilities are equipped with systems for continuous metering 

of flue gases, which will allow to monitor composition of flue gases in real time and to prevent 

excessive emissions. 

In a number of regions of Kazakhstan target development indicators have been developed taking 

into account environmental criteria. Territorial units of the Ministry of Energy of Kazakhstan and 

departments of ecology are engaged in monitoring these indicators. This information could be 

interesting for assessing the state of territorial environment exposed to human impact, however, its 

collection and analysis will require additional time and cannot be performed within the existing 

project. 

The nature of pollution by thermal power plants is constant, while the peak of pollution falls on 

winter minimal temperature degrees. In summer, most CHPs switch to condensation mode, part of 

the boiler equipment stops for repairs. 

The problems associated with pollution are often reversible and the environment can recover 

after the pollution source disappears. 

At present, the actual damage to the environment and human health is quite difficult to assess. 

For the part of economic assessment of damage, the “Rules for economic assessment of damage from 

environmental pollution” are applied and approved by the Government of Kazakhstan dated 27 June 

2007 N 535.  

It is necessary to conduct a number of research works to determine cumulative and synergistic 

effects for the previous period operation of FEC facilities, as well as their forecast. 

It should be noted that the negative environmental state is often the cause of migration of 

population from the industrial centers of the country. Perhaps this factor is one of the reasons for the 

move, and it is difficult to single out how significant it was in each particular case. 

Currently, there is no single database for assessing the level of environmental impact of FEC 

facilities. Some regions of Kazakhstan have developed targets with established criteria for the quality 

of atmosphere to be achieved, other regions are only planning to carry out these works. 

Further study of issues related to environmental pollution by energy complex enterprises will 

make it possible to determine the steps required to improve the quality of environment. 

The impact of thermal power plants of Kazakhstan on the environment of neighboring states is 

possible, however, at present there is not enough information to assess the potential impact. 

Decentralized heat supply from individual sources of heat (industrial and municipal boiler 

houses, heating stoves) also significantly contribute to air pollution of the settlements. The number 
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of housing stock with stove heating using coal as fuel is increasing. Individual heating systems are 

not equipped with gas cleaning equipment, therefore, do not meet environmental requirements. Stove 

heating is one of the main reasons for air basin deterioration in large cities of Kazakhstan. 

If current trends in the development of electric power industry (zero scenario) are maintained, 

the quality of atmosphere will remain unchanged or deteriorate. The ongoing and planned 

construction of new and reconstruction of existing power facilities does not involve the use of new 

technologies. The efficiency of coal-fired condensing power plants in Kazakhstan is 32% on average, 

while in advanced foreign countries - 42% [3]. One encouraging development is the decision of the 

President of Kazakhstan on the construction of SARY-ARKA gas pipeline, but this fact indicates a 

lack of consistency in the development of fuel and energy complex. This project implementation will 

allow connecting a large number of settlements to gas pipeline system, as well as using gas as an 

additional fuel at the TPPs in Karaganda and Astana. This will significantly reduce emissions of 

pollutants and improve the quality of atmosphere. 

 

4.1.2 Coal mining facilities impact on atmosphere  

The coal industry has an impact not only on the territory of coal mining enterprises, but also 

affects the environment of nearby settlements. 

The main sources of emissions into atmosphere during opencast coal mining are excavators, drill 

machines, blowing dust from the surface of ledges, waste dumps, coal depots, blasting, burning 

external dumps. 

The bulk of the pollution emitted are carbon monoxide and rock dust. 

Explosion products (dust, gases) are emitted into atmosphere and spread over a distance more 

than 10 km, and the dust blown off from the rock and loading points is up to 2.5 km, the height of 

dust and gas cloud reaches 1.6 km [4]. In this regard, territory adjacent to the sources of pollution are 

experiencing dust technogenic load - from “moderately dangerous” to “highly dangerous.” 

Currently, the largest of the developed fields are: Maikubensky brown coal basin and 

Ekibastuzsky in Pavlodar region, Karaganda coal basin, Yubileynoye deposit in East Kazakhstan 

region. 

The coals of Ekibastuz basin are prone to spontaneous combustion, therefore, the storage of 

internal overburden into dumps often results in burning. When burning the dumps, carbon monoxide, 

nitrogen dioxide, sulfur dioxide, hydrogen sulfide are released into atmosphere.  

Specific environmental problem is air pollution in underground coal mining with methane 

emissions. The methane content in coal-bed of Karaganda basin is about one trillion cubic meters. 

Several hundred million cubic meters of methane are emitted annually. 
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Coal consumption directly depends on economic situation in Kazakhstan and countries 

importing Kazakhstani coal. Thus, during periods of decline in coal production, the amount of 

emissions of these substances decreases. 

As for the dumps formed during coal mining, even in the case of coal production decrease and 

cessation of development, coal mines may increase emissions from already exposed reservoirs, as 

they can ignite reacting with water and air, increasing the negative impact on air. 

Continued use of coal and growth of its production and consumption will lead to environmental 

degradation in coal-mining areas.  

 

4.1.3 Oil and gas facilities impact on atmosphere 

Oil production in Kazakhstan is concentrated in western region. The main sources of emissions 

into air during oil production are: wells, process plants, oil reservoirs; flaring, production and purging 

of gas, spilled oil burning; internal combustion engines operation; dust raised by vehicles in summer; 

gas leakage and evaporation of light hydrocarbons. 

Carbon dioxide, carbon monoxide, nitrogen oxides, sulfur compounds, methane, methanol, 

volatile components of demulsifiers and corrosion inhibitors, carbon black, etc. can be released into 

atmosphere. 

The volume of oil and condensate production in 2017 amounted to 86.2 million tons, with a plan 

of 81 million tons [5]. 

Due to implementation of programs to recover associated gas, the volume of gas flared decreased 

by 68%, from 3.1 bln m3 in 2006 to 1 bln m3 in 2016. 

Further deterioration in quality of atmosphere is expected taking into account the parameters of 

oil production development by 2030 to 118 mln tons from 81 mln tons in 2016, as well as active 

priority development of petrochemical and chemical cluster. Discussion is required to be held with 

authorized body of plans and forecasts for the development of oil and gas production, expansion of 

petrochemical and chemical industries, impact of improved fuel quality on the state of air, primarily 

in large settlements. 

Programs to increase level of gasification in the country and development of production and 

transport infrastructure of gas industry will help reduce the environmental stress. Increased gas prices 

may reduce prospects for the development of this area in the future.  

Figure 4.1.6 shows the dynamics of pollutant emissions for 2014-2016 by enterprises of oil 

industry (analysis carried out on 14 enterprises). 
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Figure 4.1.6 Dynamics of pollutant emissions in 2014-2016 by oil industry enterprises 

 

Chart analysis shows an increase in emissions of carbon oxide and sulfur oxides. 

Compared to electric power facilities, contribution of oil industry to air pollution can be 

considered insignificant. It should be noted that the main part of the produced oil is exported, 

respectively, is burned and pollutes the environment of other countries, while the greenhouse effect 

affects the global level. Currently, many countries, the signatories of Paris Agreement are set to 

reduce the consumption of hydrocarbon fuel, which may lead to a decrease in Kazakh oil export. 

At present, issues related to impact of oil and gas industry on the quality of atmosphere have not 

been sufficiently studied, and in order to fully assess the situation, detailed information at the 

enterprise level is required. 

Plans [6] of the state to increase oil production suggest that the level and amount of 

environmental pollution will increase in the future. 

4.1.4 Uranium mining facilities impact on atmosphere 

In the process of uranium mining, emissions from solution preparation shops, sorption columns, 

desorption columns, pumping stations, sulfuric acid storage, ammonia storage, ammonium nitrate 

storage, decontamination point, desorbate storage, geotechnological fields, sludge accumulators are 

released into the air. Figure 4.1.7 shows the dynamics of pollutant emissions from uranium mining 

facilities.  
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Figure 4.1.7 Dynamics of pollutant emissions from uranium mining facilities 

 

Chart analysis in Figure 3.1.7 shows no significant changes in emissions in 2014-2016. Data 

from statistical reports of 7 uranium mining enterprises of Kazakhstan were used for this analysis. 

Instability of uranium prices in the world affects the activity of NAC Kazatomprom JSC, thus, 

in the next three years, due to low uranium prices, it is planned to reduce production by 20%. With a 

decrease in uranium mining, the impact on atmosphere will be reduced. 

It should be borne in mind that emissions from uranium mining facilities are orders of magnitude 

lower than those of electric power facilities, therefore, this report will not pay much attention to this 

issue. 

4.2 Climate change 

4.2.1 Climate change observation in Kazakhstan 

Global environmental risks include global climate change, caused, as many scientists believe, 

by human activity over the past half century. These problems have no geographical boundaries, as 

the entire global community faces the threats of global warming, environmental degradation, and 

biodiversity loss. 

On a global scale, an increase in greenhouse gas emissions has caused change in current climatic 

conditions, in particular, an increase in average temperature of planet. 

In Kazakhstan, observation of changes in air temperature and precipitation in the country has 

been conducted since 1941. 

In Kazakhstan over the past 75 years, there has been a widespread increase in surface air 

temperature. There is an increase in anomaly of average annual air temperatures up to 2°C [5].  
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In Kazakhstan the rate of increase in average annual air temperature is 0.28ºС every 10 years. 

Seasonally as a whole in Kazakhstan the highest temperature rise occurs in spring and autumn - by 

0.30 and 0.31ºС/10 years, a little less in winter - by 0.28ºС/10 years, in summer the lowest rate of 

temperature rise is observed - by 0, 19ºС/10 years. 

In most parts of Kazakhstan, trends in extremes are insignificant, except for certain regions, 

where daily maximums of temperature increase by 0.20 ... 0.60°С every 10 years. Almost everywhere 

in all regions there is a tendency of decrease in the frequency of frosty days, while the daily minimum 

temperature drops below 0ºC, as well as an increase in the number of days with air temperatures 

above 35ºC. 

In contrast to air temperature, the change in precipitation regime in the territory of Kazakhstan 

for the period under study is heterogeneous. Changes in precipitation regime for the period under 

study, there is a significant tendency for precipitation to increase in winter and to decrease during 

other seasons. The values of maximum daily amount of precipitation on the territory of Kazakhstan 

did not change practically. However, in most parts of Kazakhstan there is a tendency to reduce the 

maximum duration of the period without precipitation [7].  

According to scientists, every 10 years in Kazakhstan there is an increase in average annual 

temperature of 0.26ºС, at such rates, by 2085, moisture zones may shift, and all northern areas of 

Kazakhstan may be in a semi-arid zone, and the arid zone will occupy more extensive zone. With 

such climate change, significant damage will be caused to agriculture and health, all the country's 

ecosystems will suffer [8]. Figure 3.2.1 presents a map of climate biological activity. 
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Figure 4.2.1 Climate biological activity 

 

Analysis of this map shows significant part of the territory of the republic is in risk zone. Its 

condition is assessed as unfavorable or critical. 

 

Figure 4.2.2 shows the environmental safety map.  
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Figure 4.2.2 Environmental safety map 

Comparison of the maps shows that significant territory of the country with a critical degree of 

climate biological activity is not used in agriculture. At the same time, part of southern regions are 

agricultural and densely populated. Climate change may lead to a change in agricultural structure of 

the republic and the need to adapt to life in new conditions. 

The impact of climate change on energy and vice versa is ambiguous and requires further study. 

In order to assess the impact of climate change on ecosystems in the coming decades, research will 

be required to study the impact of climate change on the status of populations of vulnerable species 

of flora and fauna in Kazakhstan in the context of anthropogenic transformation. 

 

4.2.2 Dynamics of greenhouse gas emissions in Kazakhstan 

The dynamics of CO2 emissions in Kazakhstan accurately reflect the structure of consumption 

of primary energy resources in the country, which, in turn, is a consequence of high energy intensity 

of the economy. Despite the current increase in coal consumption in Kazakhstan, its volumes are 

significantly lower than at the end of the Soviet era, respectively, greenhouse gas emissions associated 

with the use of energy resources over the past twenty years are much lower. 

The increase in annual indicators of greenhouse gas emissions from the mid-2000s (from 198 

mln tons to 252 mln tons, corresponding to an increase of 27% from 2005 to 2014) is significantly 

lower than the rate of GDP growth over the same period (69% from 2005 to 2014). According to the 

IEA data, in terms of carbon intensity of GDP, 2.59 kg CO2/thousand USD, Kazakhstan is among the 
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top five countries with the highest carbon intensity, with an average globally - 0.58, for OECD 

countries - 0.31, China 1.73. 

According to study conducted by Energy Information Administration (USA) in 2010, 

Kazakhstan ranked 28th in the world in terms of absolute carbon dioxide emissions. This indicator 

should not be regarded as negative, given the size and industrial orientation of the country's economy; 

In addition, this indicates reduction in emissions, since in 1992 Kazakhstan occupied the 17th place 

in the world [9]. 

The national greenhouse gas inventory of Kazakhstan considers six gases with a direct 

greenhouse effect: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons 

(HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride (SF6). 

Specific greenhouse gas emissions in Kazakhstan per capita in 1990 amounted to 23.9 tons of 

CO2-eq. per person (of which 16.7 tons of CO2/person). In 2014, these figures decreased to 18.0 tons 

of CO2-eq./person and 14.0 t СО2/person respectively. 

In 2014, CO2 –243844.47 thous. tons, СН4 - 2026.81 thous. tons, N2O - 57.06 thous. tons, HFC 

- 929.62 thous. tons, PFC - 1308.49 thous. tons were released into the air. There were no SF6 emissions 

observed. 

The percentage contribution of each gas with direct greenhouse effect in 2014 is: CO2 - 77.7%, 

methane and nitrous oxide - 16.1% and 5.4%, respectively. Fluoride gases: HFC – 0.3%, PFC - 

0.42%, SF6 - 0%. In 1990, the share of CO2 was 70.5%, CH4 - 25%, N2O - 4.6%. 

According to GHG inventory in 1990–2014 prepared in 2016, in Kazakhstan total emission of 

greenhouse gases, excluding the LULUCF sector, amounted to 313.775 mln tons of CO2-equivalent. 

They include: 257.759 mln tons from energy sector, 17.542 mln tons from industrial processes, 

32.739 mln tons from agriculture and 5.716 mln tons from waste management. 

In the base year 1990, total GHG emissions excluding LULUCF sector in CO2-equivalent 

amounted to 389,575 thous. tons. They include 319.517 mln tons from energy activities, 21.978 mln 

tons from industrial processes, 44.253 mln tons from agriculture and 3.827 mln tons of CO2-

equivalent from waste. In LULUCF sector, in the base year 1990, GHG absorption was observed, 

amounting to - 16.264 mln tons of CO2, and in 2014 emissions of 24.696 mln tons of CO2 - equivalent 

were observed from these types of activities. 

Total national GHG emissions, excluding acquisitions in LULUCF sector, in 2014 amounted to 

80.5% of emissions level in 1990, instead of expected 83%, probably due to a slowdown in economic 

growth caused by lower prices for oil and metals. 

The dynamics of greenhouse gas emissions by sector are given in Table 3.2.1. and is shown in 

Figure 4.2.3. 



34 
 

Table 4.2.1. Dynamics of total national emissions of greenhouse gases in Kazakhstan by main 

sectors for 2012–2014, thous. tons of CO2-eq. [8]. 

Years Energy 
activities 

IPPU Agricultu
re 

Waste LULUC
F 

Total 
emissions 
with 
LULUCF 
(net 
emissions) 

Total 
emissions 
excluding 
LULUCF 

2012 251697,47 17531,55 28936,66 5499,56 14053,14 317718,38 303665,2 
2013 258934,96 17236,85 30461,97 5604,1 18489,34 330727,22 312237,8 
2014 258004,76 17542,11 32738,6 5715,69 24696,05 338697,21 313775,4 
2014 in % 
from 1990 

80,7 79,8 74,0 1,49 -1,52 90,7 80,5 

2014 in % 
from 2013 

-0,4 1,8 7,5 2,0 34 2.4 0,5 

Total national emissions, taking into account LULUCF sector in the reporting year amounted to 

90.7% of the level in 1990. 

In 2014, in the “Energy activity” sector, emissions amounted to 80.7% of the level in 1990, in 

IPPU sector - 79.8%, in agriculture 74 %. 

 

 
Figure 4.2.3 – Dynamics of total national emissions of greenhouse gases in 1990-2014 in 

Kazakhstan [7] 

The trend of general national emissions is mainly determined by the “Energy activities” sector, 

which is associated with fossil fuels burning. Contribution share of this sector on average for the 

entire period of 1990-2014 was 81% in total national emissions. The remaining sectors accounted for 

an average of 6% (industrial processes), 11% (agriculture) and 2% (waste). 

In 2015, emissions from the Energy activities sector amounted to 246.875 mln tons of CO2 eq., 

which is still lower than the base year of 1990 by 22.4% (318.195 mln tons of CO2) and 6.6% lower 

GHG emissions, thous. tons of CO2-eq.  

Energy activities  
Agriculture  
LULUCF  

Years  
IPPU  

Waste  
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than the previous year 2014. Such a decrease compared to the previous year is associated with 

decrease in extraction (production) of fuel and energy resources (FER). The share of fuel and energy 

resources supplied to domestic market also decreased in distribution structure of fuel and energy 

balance and the share of fuel and energy resources exports decreased. Also, the consumption of hard 

coal and lignite (excluding coal concentrate) in Kazakhstan in 2015 decreased significantly compared 

with the previous year and amounted to 90% by 2014 (102.5 mln tons). Significant decrease in its 

production is associated with decrease in global coal consumption and its international trade. 

A particular problem is the high level of greenhouse gas emissions from the use of coal for heat 

and power generation.  

Probable future trends 

In the case of continued use of coal as the main type of fuel, dynamics of greenhouse gas 

emissions from Kazakhstan will have steady growth. 

The main factor that may affect the reduction of GHG emissions is gasification of enterprises in 

the sector of electricity and heat production discussed in one of the FEC Concept scenarios. This is 

due to the lower greenhouse effect from the use of gas compared to coal (1.5 times). 

Two scenarios for fuel and energy complex development provides for a significant increase in 

the use of renewable energy. Given the large difference in the cost of electricity generated from 

renewable energy sources and coal stations, renewable energy sources in the near future will not be 

able to replace the share of electricity in Kazakhstan produced by coal stations. However, in case of 

a sharp decline in renewable energy cost, such scenario is viable. 

It should be noted that coal as a fuel and as an industry is the first candidate for elimination. In 

the two years since the Paris Conference, many countries, subnational formations and municipalities 

have set deadlines for decommissioning of coal stations, the closure of coal mines and open-cuts. 

“Leave coal in the past” motto is gaining strength worldwide [10]. 

A global list of more than 700 companies related to the coal industry has been published on the 

Internet, urging investors not to make new investments in these companies, but on the contrary, to 

quickly withdraw (divestment) their contributions from there [11]. The list includes Kazakhstan 

companies (Central Asian Electric Power Corporation, ERG, Maykuben West LLP, Samruk Energy 

JSC. Accordingly, continued mining and burning of coal can lead to a decrease in interest to 

hydrocarbons in the near future and lack of demand for hydrocarbons in the future. 

4.3 Water resources and energy facilities impact 

4.3.1. Surface water condition 

The average surface water resources of Kazakhstan are 100.5 km3, of which only 56.5 km3 

emerged on the territory of the republic. The remaining volume - 44.0 km3 - comes from neighboring 
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countries: China - 18.9 km3, Uzbekistan - 14.6 km3, Kyrgyzstan - 3.0 km3, Russia - 7.5 km3. In terms 

of water availability, Kazakhstan ranks last among the CIS countries. Specific water supply is 37 

thous. m3 per 1 km2 and 6.0 thous. m3 per 1 person per year. 

Within the state there are such large reservoirs as the Caspian Sea, the Aral Sea and Balkhash 

Lake. There are about 39 thous. rivers and temporary streams, more than 48 thous. lakes, about 4 

thous. ponds and 204 reservoirs. The most significant waterways are the Ertis, Ile, Syrdarya, Esil, 

Tobol, Ural, Torgai, and Shu rivers. 

Kazakhstan belongs to the category of countries with a large shortage of water resources. The 

urgency of the problem of sustainable water supply in Kazakhstan is determined by limited 

availability of water resources with uneven distribution over the territory of the republic. Table 4.1.3 

shows volumes of fresh river runoff of the republic for an averagely wet year. 

Table 4.3.1. Volumes of fresh river runoff of the republic for an averagely wet year [10]. 

No. Basins of rivers, seas, 
lakes Total 

Including 
From 
external 
sources 

Formed in the country 

1 Aral-Syrdarya (Kyzylorda, 
North Kazakhstan region) 17,9 14,6 3,3 

2 Balkash-Alakol (Almaty 
region) 27,8 11,4 16,4 

3 Irtysh (East Kazakhstan 
region, Pavlodar region) 33,5 9,8 23,7 

4 Ishimsky (Akmola, North 
Kazakhstan region) 2,6 - 2,6 

5 Nura-Sarysu (Karaganda 
region) 1,3 - 1,3 

6 Tobol-Turgai (Kostanay 
region) 2,0 - 2,0 

7 Shu-Talas (Zhambyl 
region) 4,2 3,1 1,1 

8 
Ural-Caspian (Aktobe, 
Atyrau, West Kazakhstan, 
Mangistau regions) 

11,2 5,1 6,1 

 Total in Kazakhstan 100,5 44,0 56,5 
 

In dry years, surface runoff is reduced to 56.0 km3, and already at the present stage, there is a 

shortage of water resources in all river basins of Kazakhstan. Therefore, the problem of water supply 

for agriculture, natural water and industrial complexes is the main determining factor for the further 

sustainable development of the economy and ensuring the environmental safety of the republic. 

At present, water bodies are intensively polluted by enterprises of mining, metallurgical and 

chemical industries, municipal services of cities, representing a real environmental threat. The most 

polluted rivers are Irtysh, Nura, Syrdarya, Ily, Balkhash Lake. Water pollution is mainly due to the 
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fact that in many regions, cities and enterprises there is no quality wastewater treatment, the condition 

of water sources does not meet the standards, there is dangerous pollution of groundwater from 

numerous wastewater storage facilities, other municipal, industrial and agricultural facilities. 

Imbalance between anthropogenic load on water bodies and their ability to restore has led to the 

fact that environmental distress has become characteristic of almost all large river basins. Insufficient 

financing of water needs has led to extremely unsatisfactory (in some places - emergency) technical 

condition of water facilities and dramatic impact of problems with drinking water supply to the 

population. The following chart shows the use of water resources in Kazakhstan (thous. cubic meters). 

 

 
Figure 4.3.1 Dynamics of water consumption in 2000-2014 

In country as a whole, the volume of annual water consumption in all economy sectors averaged 

22.5 cubic km, and at 95% - due to surface water. The main share of water use is accounted for by 

agricultural production - more than 60% of total water consumption in the country. 

According to Statistics Committee in 2015 the volume of fresh water taken from natural sources 

amounted to 20605 mln m³, which is 1,421 mln m³ less than in 2014 (22,026 mln m³). Of these, for 

the needs of thermal power plants in 2014 - 788 mln m3, in 2015 - 664 mln m3. It is worth noting that 

the amount of water used by electric power industry is about 3% of the total amount of water used. 

 

4.3.2. Groundwaters 

Groundwater distribution over the territory of Kazakhstan, as well as surface, is very uneven. 

The groundwater resources of South and East Kazakhstan are many times greater than the need for 

water, while the Northern, Western and Central regions experience an acute shortage of groundwater 

of low mineralization. 
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Despite the fact that Kazakhstan is a dry country, its depths are rich in groundwater. On the 

territory of the Republic, 623 groundwater deposits have been explored for various purposes, with 

total operational reserves 43,384 thous. m3/day. 

Considering sufficiently high provision of the republic with groundwater in general, certain 

regions (North, West and Central Kazakhstan) are experiencing an acute shortage of water for 

domestic use. 

Out of 494 groundwater deposits, explored for domestic water supply, 343 were commercialized, 

of which water intake within the country amounts to 2901 thous. m3/day, or 17.3% of commercial 

groundwater supply for domestic purposes. The development of proven groundwater reserves is 

carried out at extremely low rates, and in recent years has been almost completely suspended in a 

number of regions. Many deposits of groundwater, explored for drinking water supply in areas with 

a shortage of drinking-quality water, have not been used for 10-15 years, and in some cases the delay 

in putting them into operation reaches expected reservoir life (25-30 years). Figure 3.3.2 shows 

anthropogenic disturbance of groundwater. 

 
Figure 4.3.2 Anthropogenic disturbance of groundwater 

This map demonstrates the binding of human activities and groundwater pollution. The impact 

of oil production facilities on groundwater is clearly visible. Electric power industry facilities, taking 
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into account their insignificant share in water consumption balance, do not have a significant effect 

on the level of groundwater pollution. 

It should be noted that the area of groundwater management lacks institutional capacity and 

financial resources to collect information.  

4.3.3 Electric power facilities impact on water resources 

The degree of harm by thermal power plants wastewater to the environment depends on many 

factors, the main of which is chemical composition of discharged wastewater. The most dangerous 

for natural reservoirs are discharges containing oil and petroleum products, as well as heavy metals. 

These pollutants are subject to strict standards for residual concentrations, which requires a serious 

attitude to the technology of industrial wastewater treatment. 

The following water use parameters were selected for the analysis of water consumption and 

drainage by the energy enterprises concerned: 

Parameter 1 - volume of use of water withdrawn from public water bodies (fresh); 

Parameter 2 - volume of water in circulating water supply systems; 

Parameter 3 - volume of re-used water; 

Parameter 4 - volume of wastewater discharged into public water bodies, including polluted 

wastewater. 

Quantitative results of the parameters are presented in Table 4.3.3. 

Table 4.3.3 Analysis Results 

Parameter, thous. m3 2014  2015  2016  
Volume of use of water withdrawn 
from public water bodies (fresh) 4386644,498 4300004,939 4181656,332 

Waste water volume 4001360,856 3873287,086 3732162,295 
Volume of irretrievable water loss 385283,642 426717,853 449494,037 
Volume of water in circulating water 
supply systems 3195869,123 3560249,6 3160274,28 

Volume of water re-use systems 629174,129 1265319,46 597536,092 
 

Quantitative analysis was carried out on the basis of statistical reporting of enterprises for heat 

and electricity production 2 TP - Vodkhoz for 2014 - 2016. Dynamics of changes in the volume of 

water used, taken from public water bodies (fresh) and the volume of wastewater is presented in 

Figure 4.3.1. 
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Figure 4.3.1. Dynamics of water consumption by electric power facilities 

 

The figure shows that the volumes of water withdrawn from water bodies and wastewater are 

stable and tend to decrease slightly. 

Based on statistical reporting of enterprises for 2014-2016 72% of surveyed enterprises use 

circulating water supply. Repeated use is applied to 59% of surveyed enterprises. 

Thermal power plants operation involves the use of significant amount of water. The main part 

of water (more than 90%) is consumed in cooling systems of various apparatuses: turbine condensers, 

oil and air coolers, moving mechanisms, etc. Sewage water is any water flow withdrawn from the 

power plant cycle. 

Wastewater, in addition to cooling system water, includes: wastewater from hydro ash collecting 

systems, spent solutions after chemical washes of heat power equipment, regeneration and sludge 

waters from water treatment plants, drains, solutions and suspensions arising from washing of 

external heating surfaces. Compositions of listed effluents are different and determined by the type 

of TPP and main equipment, its capacity, type of fuel, composition of source water, water treatment 

method in main production and, certainly, operational level. 

Waters after cooling condensers of turbines and air coolers carry, as a rule, only the so-called 

thermal pollution, since their temperature exceeds the temperature of the water in the water source by 

8-10°C. In some cases, cooling water may contribute to natural bodies of water and foreign 

substances. This is due to the fact that oil coolers are also included in cooling system, violation of the 

density of which can lead to penetration of oil products (oils) into cooling water. 
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The amount of cooling water is mainly determined by the amount of exhaust steam entering 

turbine condensers. Power plants using solid fuels, remove significant amounts of ash and slag 

hydraulically, which requires large amounts of water. Therefore, the main focus in this area is the 

creation of circulating systems in hydro ash collecting system, when the clarified water freed from 

ash and slag is sent back to the TPP in hydro ash collecting system. 

Wastewater of hydro ash collecting systems significantly contaminated by suspended 

substances, have increased salinity and in most cases, increased alkalinity. In addition, they may 

contain compounds of fluorine, arsenic, mercury, vanadium.  

At present, to treat wastewater, power systems mostly use traditional methods that do not allow 

achieving a high degree of wastewater purity. The wastewater treatment plants operate according to 

principles of mechanical and biological treatment, and new efficient methods are almost never 

introduced due to the high costs of modernizing and retrofitting treatment facilities. 

Water pollution is geographically tied to locations of power facilities and depends on their work 

intensity. 

Powerful power plants noticeably heat water in reservoirs on which they are located. Water 

temperature increase can disrupt the structure of water bodies’ flora. Algae, specific to cold water, 

are replaced by more thermophilic and, finally, completely superseded at high temperatures, thus 

creating favorable conditions for mass development of blue-green algae - the so-called “algal bloom”. 

Water can contain various types of pollutants. 

FEC companies are not leaders in water consumption (the main consumers are agriculture and 

industry). 

The dynamics of water consumption has not changed significantly in recent time. The reservoirs 

used to cool water of power plants have been in operation since the second half of the 20th century. 

In the near future, the enterprises of electric power industry are not planning measures to change 

cooling equipment technology, as well as changes in its modes of operation. 

In case of transition of power plants to gas fuel, there will be no need for ash dumps. In case of 

switching to alternative energy sources, the old stations will be decommissioned completely. 

Further study of issue will make it possible to more clearly see the situation with pollution of 

water bodies and make decisions on how to improve the environmental conditions.  

4.3.4 Coal mining enterprises impact on water resources 

Coal mining adversely affects hydrology in any region. Deterioration of water quality is 

associated with penetration of toxic trace elements, an increase of dissolved solids in groundwater, 

as well as increase in the amount of sediment discharged into water flows. Creation of coal dumps 

leads to deposition of harmful components in water streams and to leaching of water from these 
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dumps, containing a large number of toxic trace elements. Surface water may become unsuitable for 

agriculture, human consumption, bathing, household or other uses. Controlling these effects requires 

careful management and analysis of surface water quality. 

Mining has a significant technogenic impact on water bodies, which creates problems with 

provision of drinking water of a standard quality and in sufficient quantity for population. As a result, 

there is a significant negative impact on both hydrochemical and hydrological regimes of water 

bodies. Mine waters contain concentrations of harmful substances several times higher than the 

maximum permissible, low transparency; the content of suspended substances can reach several tens 

and hundreds of g/dm3. Water pollution occurs not only at the expense of mine and quarry water, but 

also when surface contamination is washed off from the territories of mines, cuts, coal preparation 

plants and dry rock dumps. 

Mining works lead to formation of depression funnels. This leads to drying of wells, water wells, 

grinding of springs, streams and small rivers. 

The process of liquidation of mining enterprises immensely impacts the groundwater quality. 

After mines flooding, the developed space turns into a source of permanent pollution (content of iron, 

manganese and even hydrogen sulfide increases in water), significant increase in groundwater salinity 

is noted. 

Further development of coal mines and open-cuts may degrade the quality of groundwater and 

surface water. 

The impact of coal mining enterprises will depend on its demand in local and international 

markets. In case of transition of electric power industry enterprises to low-carbon technologies, this 

effect will decrease. 

4.3.5 Oil and gas enterprises impact on water resources 

The main sources of water pollution are: formation waters; drilling fluids and well repair fluids; 

technical and wastewater, including domestic water. 

As a result, direct or indirect impact is possible on water sources as a result of removal of 

vegetation cover, pollution of groundwater and surface water as a result of discharges, leaks, drainage 

and accidental spills associated with field facilities operation; contamination of ground and surface 

waters with drilling fluids and oil in the period of drilling operations. Local lowering of surface causes 

change in water and thermal conditions; territory waterlogging occurs due to groundwater inflow. As 

a result, microclimatic conditions change and valuable lands are derived from agricultural circulation. 

When operating oil production facilities, especially in the Caspian Sea, a very important 

condition is compliance with environmental protection requirements. Emergency situations can lead 

to significant water pollution. 

4.3.6 Nuclear facilities impact on water resources 
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At present, there are no NPPs in Kazakhstan and the main source of environmental pollution is 

uranium mining. 

It is believed that the uranium extraction using the method of underground leaching is 

environmentally friendly. However, despite the pumping out of solutions, acidic reagents can spread 

out over the contours of blocks being worked out in the process from tens to 100 ... 150 m. However, 

not all the liquid with dissolved uranium salts is pumped out of the layers by producing wells and 

subsequent actions of residual solution are not considered in specialized literature, and residual 

solutions can have a negative effect on groundwater. 

Theoretically, residual solution with dissolved particles of uranium can migrate beyond the ore 

field up to the ground surface. In addition, the leaching process envisages to repeatedly pump the 

solvent (sulfuric acid or ammonium carbonate) through the ore until its concentration in solution 

becomes high enough [16]. 

The intensity and repeated injection of solvent and duration of wells operation leads to spreading 

of significant volumes of sulfuric acid solutions beyond the contours of blocks being worked out and 

increases the potential danger of groundwater contamination. Casing of working wells, which are the 

main environmental protection measures, also do not completely prevent the ingress of residual 

solutions to the aquifers or groundwater used for water supply. Therefore, there is a risk for population 

located close to the mines as well as surrounding areas and cities to be exposed to diseases including 

various types of cancer, as well as intrauterine exposure and its consequences on the development of 

central nervous system. 

Total mineralization increases tenfold in groundwater; concentrations of sulfate ions, aluminum, 

iron, nitrates, heavy metals, trace elements, radionuclides, changes in pH. 

At present, the place of possible construction of NPP is uncertain, it is therefore difficult to 

predict local consequences. 

4.3.7 Hydroelectric power plants (HPP) impact on water resources  

Kazakhstan has significant hydropower resources with capacity of 170 bln kWh per year. 

Cost-effective water resources are concentrated mainly in the east (Altai Mountains) and in the 

south of the country. The largest hydroelectric power plants: on the river Irtysh built Bukhtarma HPP 

- 0.7 mln kW, Ust-Kamenogorsk HPP - 0.3 mln kW and Shulbinsk HPP - 0.7 mln kW, Kapchagai 

HPP was built on Ily river- 0.4 mln kW, providing 10% of the country's electricity needs. 

The total installed capacity of hydropower plants in Kazakhstan is 2350.16 MW. All hydropower 

plants in Kazakhstan annually produce more than 7,149.4 mln kW/h. The main hydroelectric power 

plants are reflected in Table 4.3.4. 

Table 4.3.4. Main HPPs in Kazakhstan 
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At the same time, the issue of hydropower impact on the environment is quite controversial. On 

the one hand, hydroelectric power plants operation does not pollute nature with harmful substances, 

on the other hand, the formation of reservoirs requires flooding of significant areas, moslty fertile, 

which causes negative changes in nature. For example, dams often block the way for fish to spawning 

grounds, but at the same time due to this circumstance, the amount of fish in reservoirs significantly 

increases and fishery is being developed. 

Probable future trends 

In the near future, there are no plans to drastically change the consumption of water resources 

by fuel and energy companies. Electric power enterprises will use water for cooling, using existing 

facilities (cooling towers, reservoirs). The share of water consumption by energy enterprises is 

negligible (3%), respectively, significant costs for water resource aspect are not assumed. 

As for water pollution, oil production in Caspian Sea significantly increases the risk of water 

pollution. 

Analysis of information on the impact of fuel and energy companies on water bodies revealed 

lack of data and sources, where information is systematized, presented for the industry as a whole. 

Further study of the FEC enterprises impact on water bodies will allow planning water 

conservation measures. 

4.4 Land pollution 

4.4.1. State of the land 

The land is being polluted including the soil cover in many regions of the Republic due to 

intensive development of natural resources carried out without taking into account the environmental 

consequences. Figure 4.4.1 shows a map of soil pollution in Kazakhstan [17] 

Plant Capacity 
(MW) Region River 

Commis
sioning 
year 

Shulbinskaya HPP 702 East Kazakhstan region Irtysh 1994 
Bukhtarminskaya HPP 675 East Kazakhstan region Irtysh 1966 
Kapchagaiskaya HPP 
(Kapshagai HPP) 364 Almaty region Ily 1971 

Ust-Kamenogorsk HPP 331,2 East Kazakhstan region Irtysh 1959 
Moinakskaya HPP 300 Almaty region Charyn 2012 
Shardarinskaya HPP 100 South Kazakhstan region Syrdarya 1967 
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Figure 4.4.1 Map of soil pollution in Kazakhstan [17] 

 

Significant centers of human-induced disturbances and pollution of soil cover are common in 

industrial regions of the republic. A significant role in pollution of urban land belongs to motor 

transport, the number of which has increased significantly in recent years. 

Hotspots of soil pollution from industrial enterprises formed in the vicinity of cities of Ust-

Kamenogorsk, Ridder, Zhezkazgan, Shymkent, and Karaganda. Here the content of lead, copper, 

zinc, cadmium in soil significantly exceeds the maximum permissible concentration (MPC). 

Deterioration of soil in the west of the republic is associated with wind, water erosion and soil 

salinization, as well as man-made overloads. 

The land fund in Kazakhstan is divided into accounting categories and land composition. 

Distribution of land fund by reporting categories (thous. ha) is shown in the following chart. 
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Figure 4.4.2. Distribution of land fund by reporting categories [18] 

According to land balance data as of 1 January 2016, there are 249.8 thousand hectares of 

disturbed land in the country, with dumps of overburden and rocks, tailing dumps, gold dumps, open 

pit mines, oil fields and barns. The largest number of disturbed lands are located in Karaganda, 

Kostanay, Mangystau, Akmola, East Kazakhstan, Aktobe and Pavlodar regions. In all industrial 

regions there are environmentally hazardous areas: heaps, dumps, quarries, boreholes, mining waste 

with a total area of more than 60 thousand hectares, which constantly pollute the soil. Only as a result 

of the activities of non-ferrous metallurgy enterprises, over 22 billion tons of waste have been 

accumulated, including about 4 billion tons of mining waste, of which toxic waste - over 1 billion 

tons of enrichment waste, and 105 million tons of metallurgical waste. 

In the East Kazakhstan region, land is polluted with compounds of copper, zinc, cadmium, lead, 

arsenic. Toxic wastes are disposed in landfills that do not meet sanitary and environmental 

requirements. The most unfavorable is the area between Ust-Kamenogorsk, Ridder and Zyryanovsk 

cities. 

In Pavlodar region, sources of pollution include enterprises of chemical, coal-mining and oil 

refining industries, Ekibastuz State District Power Station. As a result of constant increase in the 

volume of accumulated waste, due to unsettled places of their storage and disposal, pollutants migrate 

to the environment. 

In Karaganda region, land pollution is associated with waste from mining and metallurgical 

industries. There are more than 350 industrial and household waste storage sites in the region. 
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Technologically polluted lands of Kostanay region are in industrial zones of cities, zones of 

minerals mining and processing. The region has an acute problem of environmental pollution by ash 

disposal areas of the Troitsk GRES and tailing dumps of Sokolovsko-Sarbai mining and concentrating 

plant. 

Ash and slag waste from coal stations located in ash dumps occupy large land areas. The removal 

and disposal of ash and slag waste is one of the main environmental problems of coal-fired power 

plants. The existing practice of using hydraulic ash handling and subsequent storage of ash and slag 

waste does not meet promising requirements and does not allow efficient use of ash and slag materials 

in construction industry, leading to an increase in ash and slag accumulation in the dumps by tens of 

million tons per year. 

4.4.2 Mining enterprises impact on land resources 

One of the most significant factors of human-induced impact of coal industry is disruption of 

the earth's surface. Pollution of various categories of land and the environment is associated with the 

disposal of waste generated during production activities of mines and open-cuts. Restoring the 

disturbed lands of closed mines is the problem of particular concern. Reclamation programs in the 

fields of some closed mines are not carried out [19]. 

Worldwide surface coal mining completely destroys the existing vegetation types, destroys the 

genetic profile of the soil, displaces or destroys wild animals and their habitats, degrades air quality, 

changes current land use process, and to some extent, constantly changes the overall profile of the 

earth's surface. 

Removal of vegetation cover, carrying out activities related to road construction, transportation, 

storage of topsoil lead to an increase in dust around mining. Dust degrades air quality in the immediate 

vicinity, can have adverse effects on flora and fauna, and can pose a threat to health and safety for 

workers and residents of nearby areas. 

Thus, coal mining violates almost all elements of the landscape on the earth’s surface, and only 

in some cases this happens temporarily. Changes in earth shape often lead to a break in integrity of 

these landscapes. The extraction causes new structures, such as rock heaps. The vegetation cover is 

removed and reloaded, or moved to the side. 

Many types of environmental impact can be minimized, but cannot be eliminated even with the 

best mining equipment. 

Implementation of 2-4 scenarios of the concept will reduce the number of extracted coal for 

combustion at FEC enterprises, and the environmental impact will be reduced respectively. 
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4.4.3 Oil and gas industry impact on land resources 

Oil and oil products disrupt ecological state of the soil cover and distort the structure of 

biocenoses. In Kazakhstan, only in areas of oil production 200 thousand hectares of oil-contaminated 

land have been established [20]. As a result of oil production and it’s processing, accumulation of oil 

waste and oil sludge, spills of drilling fluids and stratum waters occur, which pose a great danger to 

human environment and wildlife. Among environmental stress zones in Kazakhstan a special place 

is occupied by Caspian area of Atyrau region. Atyrau region is the largest oil producing and refining 

region in Kazakhstan. The increase in oil and gas production, the high aggressiveness of extracted 

raw material negatively affects the entire ecosystem of the region. There’s an intense pollution of 

atmosphere, surface water, precipitation, snow cover, and soil and vegetation cover, in which 

petroleum hydrocarbons, heavy metals, radionuclides and other harmful substances accumulate. The 

study of soil cover at different fields of Atyrau region showed that exposure to oil and oil products 

leads to negative changes in physicochemical and chemical properties of the soil. The depth of oil 

pollution in the oldest oil fields Dossor, Makat, Koschagyl and others reaches 5-10 m [21]. 

The main sources of pollution by oil and oil products in the regions of Northern Kazakhstan are 

pumping and transportation systems, vehicle maintenance operations, tank farms, petroleum products 

storage facilities, railway transport, refueling complexes and stations, heating systems operating with 

the use of oil products, landfills of consumed lubricants, cooling emulsions, etc.  

Oil, oil field waters and oil-salt emulsion are the main types of oil products that can cause soil 

contamination and affect soil properties. Oil and oil products are toxic soil pollutants. 

Oil storage tanks are local sources of pollution. They pollute the environment mainly through 

the atmosphere and wastewater. At the same time, one-time emissions to soil are relatively small, but 

their constant action creates persistent pollution around the source [22]. Emission of oil and oil 

products into environment, along with the processes of microbiological and chemical decomposition, 

creates their evaporation, which can be a source of pollution of atmosphere, water and soil. Oil 

substances are able to accumulate in bottom sediments, and then over time included in 

physicochemical, mechanical, and biogenic migration of matter. The soil is concentrating reserves of 

organic and mineral substances. All this poses a great danger to vital activity of soil microflora [23].  

4.4.4 Nuclear industry impact on land resources 

Uranium mining causes mechanical disturbance of soil as a result of penetration and construction 

of wells, auxiliary facilities, and laying of dirt roads. Pollutants include aggressive sulphates and 

natural radionuclides of the uranium-radium series. Radionuclide and chemical pollution occurs as a 

result of spilling of leaching and PR solutions, overflows of injected wells, depressurization of 

connections and pipeline ruptures, leakage of process solutions during emergency pipeline ruptures. 
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4.4.5 Renewable energy facilities impact on land resources 

Wind power in Kazakhstan is poorly developed, despite the fact that there are suitable natural 

conditions for this. Currently, the amount of renewable energy is 1.1% of the total [24]. 

The existing facilities - 58. The total capacity of 342.8 MW, of which: WPP - 107, HPP-171, 

SPP - 58, biogas - 0.35. 

Hydropower 

In terms of hydropower resources, Kazakhstan takes third place in the CIS, behind Russia and 

Tajikistan. According to a number of studies, the gross hydraulic potential of Kazakhstan is estimated 

at 170 bln kW/h per year, technically possible for implementation - 62 bln (economic - 29 bln, of 

which 7.4 bln kW/h used per year). Technical potential for use of small hydropower plants is about 8 

bln kWh. Today, the share of hydropower plants in the structure of Kazakhstan’s generating capacity 

is only about 12.3%. This indicator lags far behind economically developed countries. Moreover, 

68% of generating capacity of hydropower plants have worked for more than 30 years. Despite the 

significant development potential of large hydropower plants, Kazakhstan can successfully learn from 

the experience of mini-hydropower plant development, which was partially tested during the Soviet 

period. It is indicative that the economic potential of small hydropower plants, according to some 

estimates, reaches 7.5 bln kWh per year. Based on the results of conducted research, it is potentially 

possible to implement at least 480 projects of small hydropower plants with a total input capacity of 

1,868 MW (8,510 GW of average annual power generation capacity). 

Wind power 

In the country the most significant of all renewable energy sources is wind power potential. 

Theoretical potential is estimated at 920 bln kWh per year. Economically feasible - 3 bln kWh per 

year. The promising areas for wind energy development are Almaty region: Dzungarian Gate, the 

Shelek Corridor; Akmola (Ereymentau); Zhambyl (Korday) regions and other. Studies conducted 

within the project of the United Nations Development Program for Wind Power, show the presence 

in some regions of Kazakhstan with a total area of about 50 thousand sq. km of average annual wind 

speed of more than 6 m/s. This makes them attractive for the development of wind power. The most 

significant are wind power resources of Dzungarian Gate (17 thous. kW/h per sq. m). 

Solar power 

The potential production of solar power is estimated at 2.5 bln kWh per year. Despite the fact 

that Kazakhstan is located in northern latitudes, the potential of solar radiation in the territory of the 

republic is quite significant (amounting to 1.3–1.8 thous. kW/h per 1 sq. m per year, the number of 

sundial hours per year is 2.2 -3 thous.). At the same time, solar power can be used not only for 

electricity generation, but also for heat, which makes it possible for targeted introduction of solar 

facilities, including areas remote from the central electricity and heat supply. 
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Biofuel energy 

The use of biofuels has a certain reserve. Due to the processing of agricultural waste, annually 

up to 35 bln kWh of electricity and 44 mln gigacalories of thermal energy can be obtained. In 2017, 

the plan for renewable energy sources use was approved, which defined the location and capacity of 

renewable energy sources. 

In 2018, it is planned to commission 10 renewable energy facilities with a total capacity of 123 

MW, 5 facilities were commissioned in 2017. Moreover, further development of renewable energy is 

planned to begin with transition to the auctioning mechanism [25]. 

Operation of solar and wind facilities does not produce waste that pollutes the soil. However, 

power plants construction requires land uptake. The occupied territories, which are natural 

ecosystems, include representatives of flora and fauna (sometimes rare). Thus, stations construction 

can change the habitat of animals and birds and, as a result, lead to a change in composition of 

ecological system. The largest area is occupied by wind stations, however, wind power plants occupy 

only 1% of the whole territory, the rest of the territory provides for agriculture or other activities. 

Probable future trends  

The main impact factors affecting land resources are the ash dumps of coal stations, overburden 

heaps in open coal mining, oil waste and oil sludge. 

Geographically oil fields are located in Western Kazakhstan, coal stations are located in Central 

and Northern Kazakhstan. 

The growth of hydrocarbon production will increase the negative impact on the environment, 

including land resources. Environmental impact indicators are maximum permissible concentrations 

(MPCs), but it should be noted that MPCs take into account the impact of harmful factor on humans 

and cannot assess its impact on other aspects (fauna, vegetation, soils). 

Consequences of FEC companies’ activities can be mitigated subject to implementation of 

measures for rehabilitation of coal, oil, uranium deposits, as well as ash dumps of coal stations. 

Given the dynamics of FEC complex development, it can be said that no significant changes in 

the impact on land resources are foreseen in the near future. 

Further study of issues related to land pollution will allow for a more detailed analysis of the 

situation and action plan preparation to reduce/eliminate land pollution by FEC companies. 

4.5. Production waste 

The volume of hazardous and non-hazardous waste generated in 2016 according to provided 

waste inventory reports is reflected in Table 4.5.1. 

Table 4.5.1. Waste volumes generated in 2016 

No. Waste type Unit of measure Waste volume 
1 Hazardous waste tons 151 391 128,211 
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2 Mercury-containing lamps kilogram 186 747,576 
3 Radioactive waste tons 127 869,230 
4 Non-hazardous waste tons 169 556 443,200 
5 Motor transport pieces 128,000 

The volumes of hazardous waste generated in 2016 by hazard levels, by total volume percentage, 

are shown in Table 3.5.2. 

Table 4.5.2. Volumes of hazardous waste by hazard level generated in 2016 

No. Hazard level Volume, tons Volume, % 
1 Green 132 151 052,649 87,3 
2 Amber 19 231 508,992 12,70 
3 Red 8 566,570 0,0056 

The data on volumes of ash and bottom ash waste as of 1 January 2017 are presented in Table 

4.5.3. 

4.5.1 Heat power waste 

Table 4.5.3. - Data on ash and bottom ash waste as of 01.01.2017 

Parameter Value, tons 
Availability at the beginning of the reporting year 352 937 844,58 
Formed within the reporting year 19 704 862,38 
Recycled, reused, burned during the reporting year 139 183,44 

Chart was compiled based on the data (figure 4.5.1.), reflecting the volumes of ash and bottom 

ash waste generation by regions. 

  
Figure 4.5.1. Bottom ash waste generation 

Electric power facilities account for 10% of annual waste generation. 

The main type of fuel and energy resources in Kazakhstan is coal, which is supplied mainly from 

Ekibastuz deposit. Electric power enterprises operation leads to formation of various wastes and 

emission of large amounts of pollutants into all natural environments. Serious environmental 

problems are associated with solid waste thermal power plant (TPP) - ash and slag. 
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Most industrial enterprises have their own waste disposal facilities (ash dumps). Enterprises that 

do not have their own waste disposal facilities transfer them to specialized organizations engaged in 

processing and disposal. 

Annual yield of ash and bottom ash waste mixtures during coal combustion in Kazakhstan is 

about 19 mln tons, and to date, more than 300 mln tons of waste have been accumulated in ash dumps 

(about 8.5 thous. hectares are used for storage). The processing of ash and slag waste on an industrial 

scale is virtually non-existent. As of 1 January 2017, the share of recycled, reused, burned ash and 

slag waste was 0.7%. Distribution of ash and slag waste processing by regions is presented in Figure 

3.5.2. 

 
Figure 4.5.2. Volumes of ash and bottom ash waste (slag) processing 

Ash dump, as a hydraulic structure, can influence surface and groundwater through filtration. 

Ash dump is a possible source of ash emissions into the atmosphere as a result of dusting from the 

surface of dry ash areas. 

Migration of pollutants in the area of ash dumps has been little studied, this issue requires 

more research. 

It should be noted that ash dumps are operated for a long time (50-60 years). The resources of 

many ash dumps have been exhausted, and there is a question of expanding the capacity or building 

new ash dumps. 

Solving the problem of utilization and recycling of ash and bottom ash waste is possible only 

by joint efforts of the state and enterprises. Technologies for ash and bottom ash waste processing 

are existing. It should be economically advantageous to use ash and bottom ash waste for 

production of construction materials, in laying roads or at other construction sites. 
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Currently, there is no unified information base on the amount of accumulated waste (ash/slag 

waste), which would allow to analyze situation on environmental condition and make timely 

decisions on its improvement. 

4.5.2 Mining (coal) 

Overburden heaps are byproducts in coal mining and preparation. Coal mining waste is most 

often represented by cemented rocks of clay and dust-like composition — siltstones and argillites, as 

well as sandstones and limestones. 

Coal mining waste is used in production of refractory materials, cement and building ceramics. 

Clay shales, being a waste of coal mining and preparation, are effectively used for manufacture of 

bricks and concrete aggregates. 

The impact of waste on the environment occurs through air pollution (blowing dust from dumps), 

pollution of surface and groundwater (infiltration and flushing of harmful substances from waste 

dumps), dumps require large areas, which changes the landscape, vegetation and animal variety. 

An important element of dumps and mines life cycle is the correct and timely reclamation. At 

present, according to legislation of Kazakhstan, the subsoil user is obliged to form a liquidation fund 

to eliminate the effects of subsoil use operations in Kazakhstan, and to make appropriate contributions 

and funds, which should be accumulated and spent only on reclamation of dumps and quarries [26]. 

Probable future trends 

Considering FEC development scenarios, the amount of waste (ash and slag waste, overburden, 

oil production waste) will increase with historical period dynamics. This fact will contribute to the 

continued growth of environmental impact. 

Further study of issues related to coal mining waste is necessary to understand current situation 

and develop measures to reduce dumps impact on the environment.
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Figure 4.5.3 Map of environmentally sensitive and stressed areas: atmosphere and water resources 
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4.6 Biodiversity 

4.6.1. Power generation 

Common characteristic problems for biodiversity conservation during construction of new 

power facilities are:  

• degradation of ecosystems during construction and operation of power facilities; 

• habitat loss or damage; 

• reduced biodiversity. 

Each power sector has its own specific impact on biodiversity. 

4.6.2. Heat power industry 

The fuel and energy complex, energy, transport and industry, where processes based on 

combustion prevail, are the main sources of human-induced pollution of the environment. By scale 

factor, it can be divided into local, regional and global pollution, which are closely related to each 

other [27]. 

Cumulative effects of gas and aerosol emissions from energy facilities can lead to various 

adverse environmental effects, including biosphere crises. The latter include: deterioration of 

atmospheric visibility (local and regional); formation of precipitation and acid rain (local and 

regional); greenhouse effect (regional and global). 

Sulfur-containing gas emissions can lead to the accumulation in the sediments of both gaseous 

SO2 and sulphates or sulfuric acid in the form of an aerosol. As a result, the acidity of precipitation 

increases significantly. 

Nitrogen oxides, in particular NO and NO2, in the atmosphere are oxidized to nitrates and НNO3, 

as a result of accumulation of which in sediments also decrease pH. 

In this case, precipitation with a low pH value can lead to changes in soil, which in turn can 

cause change in pH and chemical composition of water in water bodies. Chemical changes in soil and 

water are potential sources of possible changes in the biosphere. 

Thermal impact of energy facilities on the environment is manifested in violation of thermal 

equilibrium of the environment and can be direct and indirect. Direct thermal effects caused by 

thermal emissions into biosphere, its level is determined by the volume of combustion of fuel and 

energy resources. 

In real conditions, the influence of thermal emissions on individual water bodies, lakes or river 

sections can manifest itself in different ways depending on biological, hydrological and physico-

chemical situation in a given water body, on the range, speed and frequency of temperature changes 

and their connection with natural cycles. 
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According to the US “Criteria of Water Quality” standards, it is recommended not to allow an 

artificial increase in water temperature at a natural level of more than 2.8°C, taking into account 

temperature fluctuations during the day. For lakes and reservoirs, the maximum allowable 

temperature increase should not be more than 1.6°С, for sea waters in summer - 0.8°С, in the rest of 

the year - 2.2°С. Disruption of temperature regime in water bodies can lead to changes in biological 

equilibrium. Thus, significant disruption temperature of water bodies, as well as their hydrological 

regime, causes rapid development of blue-green algae and, as a result, algae blooms with a significant 

decrease in its oxygen content. At the same time, the conditions for herbivorous fish development 

may change critically. 

In order to ensure quality of water required for hydrosphere inhabitants, it is recommended to 

provide for corridors/areas near the sources of thermal pollution, where water conditions required for 

flora and fauna should always be maintained. 

4.6.3. Hydropower 

The construction of large dams as an infrastructure to expand hydrogeneration can adversely 

affect biodiversity and environmental sustainability not only at the local, but even at the national and 

international levels. Accordingly, the filling of reservoirs can lead to flooding of forest and open land 

habitats. It creates new access routes to forest areas, which contributes to enhancing the use of natural 

resources, expanding the possibilities of creating settlements and new socio-economic incentives for 

the use of biological natural resources, including illegal ones. Construction of large dams and creation 

of reservoirs can lead to significant environmental changes in river and coastal water systems, which 

can impede the migration of fish, feeding and young growth. Construction of hydroelectric dams 

leads to restructuring of unique floodplain ecosystems along the entire river channel, the 

impoverishment of phytomass of floodplain meadows, disappearance of nesting sites for many 

species of migratory birds. Such an example for Kazakhstan can be given for Moinak hydropower 

station on Charyn River, downstream is the territory of the SPNR - the Charyn State National Natural 

Park. The change in natural course of hydrological regime threatened the existence of unique 

floodplain forests of Sogdian ash-tree (Fraxinus sogdiana) listed in the IUCN. 

4.6.4. Nuclear power 

The only nuclear power plant in Kazakhstan was located in Aktau city with a fast neutron reactor, 

350 MW capacity. The nuclear power plant worked in 1973-1999. At present, atomic energy in 

Kazakhstan is not used, despite the fact that the reserves (according to IAEA) of uranium in the 

country are estimated at 900 thousand tons. The main deposits are in the south of Kazakhstan (South 

Kazakhstan and Kyzylorda regions), in the west in Mangystau, in the north of Kazakhstan (Semizbay 

field). 
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At present, the issue of building a new nuclear power plant with a capacity of 600 MW in Aktau 

is being considered. About 5 research nuclear reactors are operated in the country.  

At the present stage, it has virtually become obvious that there are no “environmentally friendly” 

or “absolutely safe” energy technologies. The use of each of them to generate electricity is inevitably 

accompanied by one or another kind of negative effects. Thus, in construction and operation of 

nuclear power plants and thermal power plants that produce basic electricity, to a greater or lesser 

extent, there are negative environmental impacts, such as: 

• chemical, thermal and radioactive pollution of the environment (air, water and land 

resources, biosphere objects); 

• noise and electromagnetic effects on staff; 

• withdrawal of land resources for energy construction; 

• use of water resources for industrial needs; 

• activation of exogenous geodynamic processes in the system “energy object - 

geological environment.” 

An increase in NPP capacity to 4–6 units leads to withdrawal of large areas for these facilities. 

The operation of such nuclear power plants requires large amount of water resources. In the zones of 

powerful NPPs arises potential technogenic load (thermal, chemical and radiation) on the 

environment, it is possible to activate some dangerous geodynamic processes that can reduce the level 

of general and radiation safety and lead to various dangerous situations.1 

4.6.5. Renewable energy sources 

One of the main advantages of renewable non-conventional energy is the reduction of negative 

impact on the environment in comparison with traditional energy sources, with each type of sources 

having different impact on it, both directly and indirectly. Renewable unconventional energy sources 

reduce emissions of various pollutants, including greenhouse gases, compared to traditional energy 

sources. RES can also help to reduce local air pollution, improving air quality in cities and recreation 

areas. 

Solar power  

Solar radiation collected by solar energy devices replaces energy produced using more 

environmentally-friendly technologies. This is the main environmental effect of solar power. 

Ground-based solar power plants, in which energy conversion is related to concentration of solar 

radiation, require the diversion of large areas. Thus, an average of about 0.035 km2 is required per 1 

MW of a tower solar power plant for tracking heliostats. In general, the area required for solar power 

plants, per 1 MW of power, in different countries is 0.001–0.008 km2. 
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As for solar collectors, they are usually installed on the roofs of houses and do not affect 

landscape and atmosphere of a given area, and besides they do not occupy additional land areas [28]. 

The use of solar energy in Kazakhstan is also insignificant, despite the fact that the annual 

duration of sunlight is 2,200–3,000 hours per year, and the estimated power is 1,300– 1,800 kW per 

1 m² per year. 

In 2010, the KazPV project was launched, the main goal of which is to create a complete 

vertically integrated production of photovoltaic modules based on Kazakhstan silicon. KazSilicon 

produces silicon in Ushtobe (Almaty region). Kazakhstan Solar Silicon in Ust-Kamenogorsk 

processes raw materials and produces silicon cells. The last stage of redistribution, the assembly of 

photovoltaic modules, is carried out at Astana Solar enterprise in Astana [29]. 

At the end of 2012, the first stage of solar power plant, Otar (first stage), power - 504 kW, design 

capacity of 7 MW, was put into operation in Kordai district of Zhambyl region. 

The main adverse effect of solar power plants on the environment is indirect and is due to 

technological processes associated with production of new compounds for solar power plants. In 

many cases, this requires rare-earth elements contained in very small concentrations in terrestrial 

rocks, and their extraction requires processing of significant amount of such rocks. 

Solar power plants do not affect natural thermal regime of the planet, since they take a very small 

part of solar energy, but even after it is converted into electrical energy, it returns to the environment 

in the form of heat. 

Wind power 

Wind power in Kazakhstan is poorly developed despite the fact that there are suitable natural 

conditions. For example, in the area of Dzhungar Gate and the Chilik corridor, where the average 

wind speed is from 5 to 9 m/s. 

In December 2011, the first wind power plant in Kazakhstan was commissioned in Zhambyl 

region - Korday wind farm (first stage), with a capacity of 1,500 kW [4] [5]. In December 2014 the 

first stage of 9 wind generators was built, which increased its capacity to 9 MW. 

Also in Korday district, the construction of a second wind farm with 21 MW capacity is nearing 

completion. In October 2013, 45 MW Ereymentau wind farm was launched. 

WPP projects: Zhanatass Wind Power with capacity of up to 400 MW (Zhambyl region). 

Shokpar wind farm - 200 MW capacity (Zhambyl region) [29]. 

It should be noted that, wind turbines produce electrical energy with virtually no chemical 

pollution of the environment, but their negative impact is associated with allocation of significant 

areas for construction and landscape changes, noise effects, preventing the propagation of radio 

signals, vibration, threat of bird death, and metal intensity of wind turbines, which causes pollution 

during metal production. 
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The main disadvantage of wind power stations is the use of significant land resources for wind 

farm construction. An area at the rate of 5 to 15 km2/MW is required for powerful industrial wind 

farms, depending on the wind rose and local relief of the region. The maximum power that can be 

obtained from 1 km2 of area depends on the area of  WPP installation, station type and technological 

features of the design; the average value of power received is approximately 10 MW. For a 1000 MW 

wind farm, an area of 70–200 km2 will be required, although most of this land may be used. The 

WPPs occupy only 1% of the whole territory, 99% of the rest can be engaged in agriculture or other 

activities, which is carried out in such densely populated countries as Denmark, Netherlands, 

Germany. 

One of the drawbacks of such wind power stations is unpleasant sounds caused by rotor blades 

rotation. People complained that often when they approached a power station, they began to 

experience discomfort and sometimes even anxiety attacks. Animals and birds preferred to 

immediately leave the zones built up by wind power stations, and migratory birds shied away from 

the route and made a detour several kilometers to fly around. 

Taking into account conditions of Kazakhstan, when designing wind facilities, it is necessary to 

consider the existence of migration routes of migratory birds. Thus, in particular, the intermountain 

corridor of Dzhungar Gate, which has great potential for wind power, is the main route of Central 

Asian flyway of birds during the spring and autumn migrations (see Figure 3.6.1-3.6.2). 

 
Figure 4.6.1 Map of spring bird migration routes in Kazakhstan 
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Figure 4.6.2 Map of autumn bird migration routes in Kazakhstan 

Coal mining industry 

From the viewpoint of influence by natural resources extraction on the landscape, one should 

single out deposits of solid, liquid and gaseous natural resources, since the consequences of 

developing each of selected categories of deposits are different. For example, the main consequence 

of solid mineral deposit development using the open method is a violation of the relief due to the 

formation of dumps and various excavations on the ground surface, and an underground method is 

the formation of waste heaps that occupy tens of thousands of hectares of fertile land. In addition, 

coal waste heaps often ignite spontaneously, which leads to significant pollution of the atmosphere. 

Long-term development of oil and gas leads to lowering of the ground surface and strengthening of 

seismic phenomena. 

Any method of mining significantly affects natural environment. Large environmental risk is 

associated with underground and above-ground mines. Any method of extraction implies significant 

excavation of rocks and their movement. The primary relief is replaced by technogenic. The open 

method of mining has its own specifics. Significant destruction of the earth's surface and the existing 

technology of mining operations leads to the fact that the quarry, crushing and processing plants, 

complexes for the production of pellets and other industrial facilities of mining and processing plant, 

to some extent, are sources of destruction and environmental pollution. Underground mining is 

associated with water pollution (acid mine drainage), accidents, formation of waste rock dumps, 

which requires land reclamation. But the area of disturbed land with this method of extraction is ten 

times less than at surface mining. 

Significant number of mines are currently abandoned, their depth is hundreds of meters. In this 

case, the integrity of a certain volume of rocks is disturbed, cracks, voids and cavities appear, many 
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of which are filled with water. The pumping of water from the mines creates extensive depressive 

funnels, the level of aquifers decreases, there is a constant pollution of surface and groundwater. 

During quarrying (open pit), under the influence of powerful pumps, which discharge water from 

the workings, excavators, and heavy vehicles, the upper part of lithosphere and the terrain change. 

The risk of hazardous processes is also associated with activation of various physical, chemical, 

geological, and geographical processes: intensification of soil erosion processes and formation of 

ravines; activation of weathering processes, oxidation of ore minerals and their leaching, geochemical 

processes are intensified; occurs subsidence of soil, subsidence of ground surface over the spent mine 

fields; the soil is contaminated with heavy metals and various chemical compounds in mining sites. 

Oil and gas industry  

The main property of geological environment in oil and gas fields is the presence of two 

immiscible liquids - oil and groundwater, as well as significant impact on the rocks of liquid and 

gaseous hydrocarbon components. The main feature in oil and gas production complexes is the 

technogenic load on geological environment, when there is an interaction of selection processes from 

the depths of useful components. One of the impacts on geological environment in areas of oil and 

gas fields, as well as oil refineries, is chemical pollution of the following main types: hydrocarbon 

pollution; salinization of rocks and groundwater with saline waters and salt water, produced along 

with oil and gas; contamination with specific components, including sulfur compounds. Pollution of 

rocks, surface and groundwater is often accompanied by depletion of natural groundwater reserves. 

In some cases, the surface water used for the flooding of oil reservoirs may also be depleted. The 

threat of pollution of water areas, both artificial (reagents used in drilling and operation of wells) and 

natural pollutants (oil, salt water) is increasing in marine conditions. Increasing the concentration of 

toxic compounds destroy soil microflora and fauna, violate ammonification and nitrification 

processes. This causes inhibition of the vital state of plants, slower growth rate, and loss of ability of 

seed reproduction, necrosis and chlorosis. 

The most severe man-made violations of vegetation are associated with oil and gas production. 

Within the 400-500 m radius from drilling or oil-producing wells, vegetation is destroyed by 60-80%, 

and 100 m radius and in places of wells thickening - vegetation is completely destroyed. Vegetation 

cover has been completely transformed and is represented by secondary sparse communities 

dominated by weed species. 

 

Climate change 

The impact of climate change on biodiversity is a major concern of the parties to the Convention 

on Biological Diversity (CBD). They also recognize that there are significant opportunities to mitigate 

and adapt to climate change, while improving biodiversity conservation. 
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The impact of climate change on the species biodiversity component is manifested in the 

following: 

• distribution change, 

• accelerated extinction rate, 

• changes in reproduction patterns and 

• change in duration of growing season of plants. 

There is clear evidence that climate change is already affecting biodiversity and that such 

impacts will continue. [30] 

Figure 4.6.3 shows environmentally sensitive and stressed areas on biodiversity and location of 

FEC facilities (existing and planned) relative to these areas.  
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Figure 4.6.3 Map of environmentally sensitive and stressed areas: biodiversity 
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Map of environmentally sensitive and/or stressed areas: biodiversity  

For biodiversity facilities  

According to BD map the existing projected linear facilities (oil pipelines, gas pipelines) can be 

an obstacle to migration of different groups of saigas: 

 for Ural population - the existing gas pipeline at the site: Inderbor-Aleksandrov Gay (Russia); 

 for Ustyurt population - the existing gas pipeline at the site Beineu-Bozoy; 

 for central Beptakdala population - the existing oil pipeline (Kumkol - Emba) in the south and 

projected gas pipeline (Arkalyk - Torgay - Karabulak) in the north; 

 for eastern Beptakdala population - projected gas pipeline (Atasu-Zhezkazgan). 

Designed wind power plants in the Zhongar Gate can be an additional obstacle for migratory birds 

traveling through Kazakhstan along the Central Asian flight corridor.  

For specially protected natural areas 

1. Overcrowding of coal-fired power plants in the area of Pavlodar can be a serious threat 

(acid rain) for flood-plain forests of “Irtysh River floodplain.” 

For Kazakhstan, the most important is the question of engineering protection of migration routes 

of saigas and other land animals at the intersection of large linear facilities (highways, land pipelines, 

hard-surfaced artificial channels, and railway tracks). It is necessary to provide engineering protection 

at the intersection of animal migration routes: construction of ecoducts, landscape bridges or 

underpasses under the embankment. 

For protected areas of Kazakhstan the projected gas pipeline intersection (Terekty - Emba) with 

Irgiz-Turgay State Natural Reserve on the territory of Aktobe region can be an obstacle to migration 

of Beitpkadala saiga population in spring-summer period and autumn-winter period Irgiz - Torgay –

Zhylansyk corridor, established in 2014 to protect saiga migration routes. In Almaty region, the 

existing gas pipeline section (Kapshagai-Taldykorgan) can impede migration of gazelle and other 

large hoofed mammals along the ecological corridor Kapshagai-Balkhash (established in 2018) from 

the state national natural park Altyn-Yemel to newly created Ili-Balkhash state natural reserve. 

Outside the protected areas for Beptakdala saiga group, the latitudinal routes (East-West) of the 

northern branch of projected gas pipeline (Arkalyk-Aktobe) and projected gas pipeline south (Terekty 

- Emba) can serve as an obstacle to migration. An area of the existing gas pipeline (Beineu-Bozoy) 

is also highlighted, which may interfere migration of Ustiurt saiga population. 

In all cases, it is recommended to provide engineering support for animal migration routes 

through transport routes in the form of ecoducts, landscape bridges or underpasses under the 

embankment. 

Various types of environmental transitions for animals are now widely used in global practice: 

• Landscape bridges, Wildlife overpasses;  
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• Wildlife overpasses, Ecoducts; 

• Passages for large and medium-sized animals under the mound of the road bed. 

The results of recent studies show that, unlike birds, insects, etc., large mammals “learn” to 

migrate and make the most of their landscape for generations, transferring knowledge from one 

generation to another. 

Thus, the importance of supporting ecological corridors in the landscape is emphasized in case 

they are lost (from construction of highways, pipelines and other linear objects), recovery of 

threatened populations of species may not occur as quickly as we would like. 

Even if these corridors are restored (through wildlife bridges, ramps etc.), animals can learn to 

use them for a long time 
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5. PUBLIC HEALTH AND HEALTHCARE 

5.1. Approach, assumptions and limitations 

It is well known that it is extremely difficult to directly associate one or other health effects with 

the effects of specific FEC facilities (just as, on the contrary, to prove the absence of such a link), as 

health effects are often non-specific and indirect. Cumulative effects associated with several types of 

economic activity may occur. For example, diseases of the respiratory system can be a consequence 

of exposure to both FEC facilities and metallurgical and/or chemical industry. The same can be said 

about congenital pathology, and many other diseases. In other words, it is extremely difficult to single 

out the contribution of FEC facilities to the impact on public health, against the background of many 

other factors and cumulative effects. However, within the SEA, it is not necessary to prove direct link 

between public health and the effects caused by FEC entities. It is enough to identify opportunities 

and risks to public health associated with FEC Concept implementation. 

For this purpose, an impact-based approach was used based on a chain analysis: “activities - 

aspects - effects - recipients” (see Section 2.2.3). The significance of potential effects of FEC entities 

on public health was estimated as a function of effects magnitude (directly related to environmental 

pollution) and sensitivity of the recipient (local population health). Experts based on their own 

experience and on objects-analogues describe the nature and magnitude of potential impacts. For the 

purposes of this SEA, it is assumed that sensitivity of the recipient (public health) is especially high 

in areas with increased morbidity. It is necessary to reduce potential impacts and risks to public health 

in these areas; the placement of new FEC facilities is not recommended if it leads to an increase in 

existing effects. 

5.2. Environment and health  

As defined by WHO: “Health is a state of complete physical, mental and social well-

being and not merely the absence of disease or infirmity.” [31] 

Protection of the environment and human health is one of the urgent problems to which the 

public attention of Kazakhstan is currently attracted. In addition to positive developments scientific 

and technological revolution led to exacerbation of contradictions between man and the environment. 

The increase in industrial production, chemicalisation of agriculture and other anthropogenic 

processes have made fundamental changes in the ecological balance, in some cases irreversible [32]. 

WHO documents indicate that prolonged exposure to environmental factors may pose a greater 

threat to human health than disasters accompanied by significant one-time stressful effects. In 

conditions that create the so-called “environmental” stress, one has to live for years, and a person is 

almost deprived of the opportunity to protect himself from the effects of adverse environmental 
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factors [33]. During the life the human body is exposed to a complex of negative environmental 

factors that contribute to the launch of pathological processes.  

At the same time, many health problems are associated with lack of awareness of citizens in 

matters of their own health, as well as low individual responsibility for their own health. This aspect 

is of particular importance in the context of environmental issues. Currently, there are no specific 

preventive programs in Kazakhstan aimed at working with residents of environmentally unfavorable 

regions. Although, it should be noted that various screening activities (oncological diseases, diseases 

of cardiovascular, endocrine systems, etc.) are available and carried out across the country. Special 

attention of both scientists and health care workers is attracted by the problems of public health quality 

in ecologically unfavorable regions of Kazakhstan. 

Currently, the environment is sufficiently accumulated potentially hazardous chemicals formed 

as a result of operation by large industrial enterprises, mining and minerals use. As a result, high-

intensity physical factors are generated, causing various disorders in the body of people living in an 

industrial region. The task of SEA is to minimize potential negative consequences for the population. 

5.3. Potential effects of FEC industries on public health    

5.3.1. Electric power 

At present, the bulk of energy is produced by burning or processing of natural raw materials - 

coal, oil, gas, oil shale, peat, as well as the use of river energy through the construction of 

hydroelectric power plants and reservoirs. Any of the modern methods of energy production and use 

to a greater or lesser extent is associated with certain negative environmental effects. The main 

sources of pollution in electric power industry are thermal power plants, production of energy 

accompanied primarily by air pollution [34]. More details on the impact of air pollution on human 

health will be presented in subsection “Coal industry.” 

Pregnant women and children are considered to be one of the most vulnerable groups to 

environmental risk factors. The structure of causes of infant mortality is dominated by mortality from 

congenital anomalies. 

Figure 5.1.1 shows infant mortality rates under the age of 1 year from congenital anomalies (per 

10,000 live births) by region. The vertical bar indicates the average infant mortality rate in the country 

due to congenital anomalies. 
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Figure 5.1.1 – Infant mortality rates from congenital anomalies in Kazakhstan in 2015-2016 

 

According to Figure 5.1.1, in regions with developed FEC complex, infant mortality rates from 

congenital anomalies are higher than the average indices in the republic. However, to confirm this 

relationship it is necessary to consider the ratio of incidence of congenital anomalies to other causes 

of mortality. 

Table 5.1.1 shows the percentage ratio of infant mortality from congenital anomalies to total 

infant mortality. On average in the republic this ratio is ~20%. 

In Aktobe, Atyrau, East Kazakhstan, Zhambyl, West Kazakhstan, Karaganda and Kyzylorda 

regions, this ratio ranges from 26 to 33%. 

 

Table 5.1.1 - Percentage ratio of infant mortality from congenital anomalies to all causes of 

infant mortality. 

Region 
2015 2016 

% 

Kazakhstan 21,0 22,6 

Akmola region 15,5 20,5 

Aktobe region 22,4 27,8 

Almaty region 20,9 22,6 

Atyrau region 28,1 30,4 
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East Kazakhstan  25,1 26,1 

Almaty city 16,3 16,3 

Astana city 17,3 18,3 

Zhambyl region 23,9 26,6 

West Kazakhstan 25,0 29,9 

Karaganda region 36,3 32,8 

Kostanay region 17,8 22,3 

Kyzylorda region 23,7 26,8 

Mangistau region 22,4 24,6 

Pavlodar region 25,8 22,8 

North Kazakhstan 23,9 18,2 

South Kazakhstan 15,7 16,6 

 

Also, in regions with developed industrial and mining complex, the incidence rate of endocrine 

pathology is also higher than the national average (956.2 cases per 100,000 people): 

 Kyzylorda region – 1211,2 cases per 100000 people 

 Pavlodar region – 1135,5 cases per 100000 people 

 East Kazakhstan – 1047,2 cases per 100000 people. 

However, the environmental causes of the increase in endocrine diseases were hardly considered 

on a global level, as health system does not have sufficiently developed mechanisms [35]. 

Thus, there is no doubt that the pollution caused by FEC activities contributes to the incidence 

of population. Public health in areas with increased morbidity requires special attention. It is 

necessary to reduce environmental load, including and primarily, reducing emissions of FEC 

facilities. This fact should be reflected in FEC Concept and subsequent documents elaborated for its 

development and/or to support FEC Concept implementation. 

5.3.2 Coal industry 

The state of human health is the most sensitive indicator of ecological status in coal regions. 

One of the factors influencing coal mining on public health is an increase in carcinogenic load 

and an increase in the incidence of malignant tumors. 

Restraining the growth of cancer incidence among the population within the allowable limits at 

the planned increase in coal production is possible with the use of new technologies limiting pollutant 

emissions into environment [36]. The oil and gas industry can also contribute to the increase in 

incidence of malignant neoplasms. This aspect will be discussed in more detail in subsection “Oil and 

Gas Industry.” 
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In recent years, significant increase in air pollution has been observed in Kazakhstan. Air 

pollutants increase frequency of diseases and, as a result, lead to direct and indirect damage to national 

economy in the form of costs for health services and decrease in labor productivity. 

Dust affects respiratory system, causing progressive fibrosis of lung tissue, affects the liver, and 

can negatively affect blood counts, develops physical weakness, and rapid fatigue. Carbon oxide in 

elevated concentrations causes nervous system disorders, manifested in appearance of headaches, 

memory loss, fatigue, sleep disorder. Hydrogen sulfide can cause diseases of the upper respiratory 

tract, bronchitis, headaches, eye diseases, digestive disorders, vascular and vegetative disorders, 

reduced skin resistance to infections. 

Aerosols are solid or liquid particles suspended in air. The solid components of aerosols in some 

cases are especially dangerous for organisms, and in humans can cause specific diseases. Aerosol 

pollution is perceived as smoke, fog, haze or haze in the atmosphere. Significant part of aerosols is 

formed by interaction of solid and liquid particles with each other or with water vapor. The average 

size of aerosol particles is 11-5 microns. In general, about 11 cu. km dust particles of artificial origin 

are in the atmosphere. The main sources of artificial aerosol air pollution are thermal power plants 

that consume high ash content coal, concentrators, metallurgical, cement, magnesite and soot plants 

[37].  

The following is the amount of pollutant emissions (thousands of tons) coming from stationary 

sources and released in the air in 2012-2016 [38]. 

Table 5.2.1 - Amount of pollutant emissions (thousand tons) coming from stationary sources and 

released in the air in 2012-2016. 

 2012 2013 2014 2015 2016 

Total pollutants 2 384 2 282 2 256 2 180 2 272 

including:      

Solid 594 551 494 466 461 

Gaseous and liquid 1 791 1 731 1 762 1 714 1 811 

of them:      

Sulfur dioxide (SО2) 770 729 729 710 767 

Nitrogen oxides (NO2) 249 250 256 243 246 

Carbon oxide (СО) 446 458 478 451 473 

 

Atmosphere pollution in the territory adjacent to the coal industry enterprises adversely affects 

people's health, their working capacity and life expectancy [39]. 
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According to information provided in Statistical Compendium for 2012-2016 “Environmental 

Protection and Sustainable Development of Kazakhstan”, there was an increase in the incidence of 

respiratory diseases in the period from 2015 to 2016, although from 2012 to 2014 there was some 

decrease in the incidence rate. 

 

Table 5.2.2 - Number of cases of respiratory diseases per 100,000 people. 

Year 2012 2013 2014 2015 2016 

Disease incidence 22 936,3 22 561,6 21 570,7 22 018,8 24 705,2 

There is also an increase in mortality from respiratory diseases from 2012 to 2015, but in 2016 

there was a slight decrease in this indicator. 

 

Table 5.2.3 - Number of deaths from respiratory diseases per 100,000 people. 

Year  2012 2013 2014 2015 2016 

Mortality 84,1 94,8 96,6 104,5 102,1 

 

In addition to increasing number of respiratory diseases, the impact of mining, processing and 

minerals use can also cause various allergic reactions among the population. Thus, over 15 years, the 

prevalence of allergic diseases in Kazakhstan has increased by 25 times, including due to an increase 

in air pollution [40]. The level of air pollution has a negative impact on human health, deviations in 

the work of organs and systems, the immune status of organism is disturbed, and overall incidence of 

population increases [41]. 

Also, environmental pollution has serious negative impact on other systems of human body. 

According to international studies, about 40 thousand children under 10 years old have neurological 

disorders as a result of excessive lead exposure. 

Kazakhstan is in second place in terms of total environmental pollution with organic matter 

among the countries of Central and Eastern Europe, as well as Central Asia. There is a high level of 

air pollution in cities, the level of particulate matter is tens of times higher than in the European 

Union. Air pollution causes up to 6,000 premature deaths per year [42]. 

Respiratory disease incidence in regions with a high level of environmental pollution is also 

higher than the average incidence rates in the republic (Pavlodar and East Kazakhstan regions). 

 

Table 5.2.4 - Number of respiratory disease incidence per 100,000 people by region. 

 2015 2016 

Kazakhstan 22 018,8 24 705,2 



72 
 

Karaganda region 21 147,4 21 754,5 

Pavlodar region 33 639,8 38 464,2 

Atyrau region 10 648,5 11 434,6 

Aktobe region 17 277,8 17 506,5 

East Kazakhstan 26 01,7 27 35,6 

 

In addition to impact on population as a whole, the coal mining industry has a direct impact on 

the workers in this industry. Thus, health indicators of coal industry workers are significantly worse 

than the average regional indicators. Thus, mortality at working age in coal cities is 15–20% higher. 

Temporary disability is 2 times higher, and injuries are 2–2.5 times higher [43]. 

5.3.3 Oil and gas industry 

According to results of studies conducted by Ufa Research Institute of Medical Toxicology and 

Human Ecology, in oil-producing areas, compared with control (agricultural, forestry), there is a high 

general and infant mortality, a high incidence of hypertension, rheumatism, gastric ulcer and 12 

duodenal ulcer, chronic gastritis, among children - cholecystitis and nephritis. Higher incidence rates 

of acute upper respiratory tract infections and malignant neoplasms. That is, an increase in the 

incidence rate is noted not only due to occupational pathology of population employed directly in oil-

producing enterprises, but also as a result of adverse impact of oil-field facilities. 

It should be noted that the level of public health is influenced by many different factors: 

biological, environmental, geographical, medical, socio-economic etc. Some of them (environmental, 

medical, social and economic) in turn directly depend on the state and development of oil industry. 

Consequently, when considering oil production, as a factor influencing human health, it is necessary 

to take into account its indirect character. The ratio of these factors varies depending on the conditions 

of life and types of pathologies. At the same time, when assessing the degree of influence on health 

of various factors, it is difficult not only to separate one factor from another, but also to rank the 

power of their influence on various groups of diseases with a single effect. Moreover, all the factors 

usually affect complex and long-term and lead to time-delayed results [44]. 

Yuan TH, Shen YC, Shie RH in a 2017 publication, “Increasing cancer incidence among people 

living in petrochemical complex area: a 12-year retrospective cohort study,” assessed health status of 

2,388 residents over the age of 35 who lived within 40 km range from petrochemical complex in 

2009-2012. 

The authors concluded that older people and women living within 10 km of petrochemical 

complex have a higher carcinogenic effect than those who live farther away from petrochemical 

complex [45]. 
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According to information provided in Statistical Compendium for 2012-2016 “Environmental 

Protection and Sustainable Development of Kazakhstan”, an increase in the incidence of malignant 

neoplasms was marked in the period from 2012 to 2016 [46].  

 

Table 5.3.1 – Number of cases of malignant neoplasms per 100,000 people. 

Given the specifics of emissions from FEC facilities, it can be argued that these emissions have 

negative impact on the health of Kazakhstani population. Probable consequences are an increase in 

respiratory diseases, the development of cancer and endocrine diseases. 

If current development trends continue, we can expect an increase in the incidence rate of the 

above organ systems in the future. According to statistics, high morbidity and mortality rates are also 

observed in diseases of circulatory system, but the connection between the pathology of 

cardiovascular system and ecological situation is not that obvious. In addition, it is necessary to take 

into account the fact that an increase in disease incidence can also be associated with an increase in 

the disease detection. This is especially true for oncological diseases: the improvement of technical 

equipment of medical organizations entails an earlier detection of diseases. 

In this regard, the impact on human health should be taken into account when improving the fuel 

and energy complex and conducting SEA, as planned activities can have significant economic and 

social effects. 

The development of FEC complex without adequate measures to reduce pollution and protect 

human health can lead to an increase in cancer, respiratory and endocrine diseases. The following 

information partially proves this thesis. 

Evaluating a map of pollutant emissions from stationary sources in 2016 (Figure 2), it can be 

seen that the largest amount of pollutants was produced in Karaganda, Pavlodar, Atyrau, Aktobe and 

East Kazakhstan regions.  

Year 2012 2013 2014 2015 2016 

Disease incidence 190,6 193,9 198,7 207,7 206,9 
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Figure 5.3.1 – Map of pollutant emissions from stationary sources in 2016 

 

Considering the increase in malignant neoplasms incidence in the regions, one can see the excess 

of average republican incidence rate in the regions with coal mining, oil refining, industry 

development (e.g., Karaganda, Pavlodar, Kostanay and East Kazakhstan regions) coal combustion at 

CHP (e.g., Almaty) [47]. 

 

Table 5.3.2 - Number of cases of malignant neoplasms per 100,000 people by region. 

Number of patients with the first-ever established diagnosis of malignant neoplasms 

recorded by oncologic organizations 

Region 
absolute numbers per 100,000 people 

2015 2016 2015 2015 

Kazakhstan 36438 36813 207,7 206,9 

Akmola 1807 1842 244,0 249,1 

Aktobe 1467 1443 177,0 171,7 

Almaty 3531 2702 182,5 137,5 

Atyrau 872 833 148,3 138,6 

West Kazakhstan 1469 1449 232,0 226,7 

Zhambyl 1574 1594 142,5 143,2 

Karaganda 3789 3991 274,2 288,4 

Kostanay 2607 2613 295,3 296,4 

Kyzylorda 1057 1165 139,2 151,5 

Mangistau 746 848 120,9 133,6 

South Kazakhstan 3047 3048 108,3 106,6 
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Pavlodar 2250 2354 297,2 310,6 

North kazakhstan 1932 1886 338,7 333,0 

East Kazakhstan 4206 4127 301,4 296,3 

Astana city 1711 1879 198,3 203,7 

Almaty city 4373 5039 261,4 291,8 

 

We should not forget about the health state of oil workers who are temporarily or permanently 

living near oil production areas. 

In addition, coal mining has an impact on the increase in the incidence of cancer. 

For example, Fernández-Navarro P, García-Pérez J, Ramis R in a 2012 publication analyzed the 

relationship between the activities of mining enterprises and cancer mortality. Mortality from 

neoplasms among the population of Spain living within a range of less than 5 km from mining 

enterprises was estimated. Data was analyzed for the period from 1997 to 2006. 

As a result, researchers have recorded an excess in average mortality rates for colorectal cancer, 

lung cancer, bladder cancer and leukemia. Thus, the authors of study suggested a link between the 

risk of death due to neoplasms of the digestive, respiratory system, endocrine and hematopoietic 

systems, and proximity to Spanish mining enterprises [48].  

5.3.4 Uranium mining 

According to World Nuclear Association, approximately one fifth of the world's uranium 

reserves (21%) are concentrated in Kazakhstan. 

In 2009, Kazakhstan came out on top in global uranium mining (13,500 tons were mined). Large-

scale mining operations carried out in Kazakhstan for more than half a century, have a detrimental 

effect on the environment and require constant monitoring of its condition and rehabilitation of the 

territory of uranium mining and uranium processing enterprises. 

When mining ores with a uranium content of 0.1%, approximately 1000 tons of ore must be 

extracted from the depths to obtain 1 ton of uranium oxide. The main types of industrial waste are 

tailings for processing uranium ores. The tailings of ore processing are transported by hydrotransport 

to tailing dumps, where they are stored. One of the main tasks of ensuring radioactive safety is the 

disposal of radioactive waste, which can significantly improve radiation environment in the area of 

tailings storage, caused by the removal of radionuclides from its surface. 

Radioactive pollution of the environment creates many problems: environmental, biomedical, 

socio-economic, etc. The solution of most of them depends on correct assessment of radiative forcing 

on environmental components and, consequently, on humans. 
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Radiation in large doses causes damage to the living cell, tissues, while in small doses it causes 

cancer and promotes genetic changes. 

Most of the radioactive waste (about 95%) are dumps and tails of uranium production, and soil 

contaminated with radionuclides as a result of oil fields operation [49]. 

As a rule, waste is located in places of its formation, under the open sky and, as a result, exposed 

to atmospheric phenomena, resulting in gradual spread of radioactive substances over the large area, 

as well as their migration into the soil and groundwater. Therefore, there is a danger of radioactive 

isotopes entering food chains. 

Radiation factor is one of the main technogenic factors influencing human health. 

The radiation situation on the territory of Kazakhstan is rather complicated. Firstly, this is due 

to pollution by artificial radionuclides as a result of testing nuclear weapons on the territory of the 

Semipalatinsk test site and tests for “peaceful” purposes at other test sites and, secondly, by man-

made environmental pollution by natural radionuclides during uranium mining and processing. 

Kazakhstan occupies one of the leading places in uranium reserves and mining among the leading 

uranium mining countries. The process of mining and processing of uranium is accompanied by 

accumulation of radioactive waste in large volumes, respectively, there is a need for protective 

measures in the field of ecology and workers' health protection. In this regard, the study of low doses 

of ionizing radiation on the state of health and workers of uranium production is relevant [50]. 

Therefore, Kreuzer M, Fenske N, Schnelzer M (2015) investigated the impact of work in 

uranium mines on the health of workers in Germany’s mines. The health state of 26,766 German 

uranium miners engaged in uranium mining since the 1960s was analyzed. 

As a result, a clear link was found between mortality from lung cancer (n=334 deaths) and 

cumulative effects of ionizing radiation. This relationship indicates an increased risk of lung cancer 

in uranium workers [51]. 

Ecological and environmental protection problems from the negative impact of uranium industry 

wastes largely depend on the state of tailings, on the degree of knowledge and readiness for the 

consequences of possible natural disasters. 

5.3.5 Climate change 

According to information provided in the WHO Newsletter No. 266 dated 29 June 2016, 

between 2030 and 2050, climate change is expected to cause about 250,000 additional deaths per year 

from malnutrition, malaria, diarrhea and heat stress. 

Extremely high temperatures directly lead to death from cardiovascular and respiratory diseases, 

especially among the elderly population. For example, during the heat-wave period in the summer of 

2003, over 70,000 additional deaths were reported in Europe. 
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In addition, due to high temperature in the air, the levels of ozone and other pollutants increase, 

which aggravates cardiovascular and respiratory diseases. 

In addition, during extreme heat, levels of pollen from plants and other airborne allergens 

increase. They can trigger asthma, which affects about 300 million people. It is expected that 

continuing temperature increases will exacerbate this burden [52]. 

Evaluation of climate change effects on health can only be very approximate. Nevertheless, 

according to WHO's estimate, which takes into account only a number of possible health effects, and 

on the assumption of continued economic growth and progress in health, it was concluded that climate 

change is expected to cause about 250,000 deaths in addition per year in the period from 2030 to 2050 

[53]. 

Thus, in the Republic of Kazakhstan, due to climate change, one can expect an increase in the 

risk of heat strokes, an increase in people suffering from cardiovascular diseases and seeking 

treatment. Also, there is a potential risk of increasing the spread of infectious and parasitic diseases, 

especially in areas of inadequate water supply or low quality water supply. 

Final comments 

Taking into account the information provided in section “Public Health and Healthcare”, the 

following conclusions can be drawn: 

1. ecological situation impact (along with genetic factors and lifestyle) is a fundamental factor 

determining health state of population; 

2. the Republic of Kazakhstan observes tendency to an increase in disease incidence among 

population living in industrial and mining regions; 

3. incidence rate of respiratory diseases and malignant neoplasms in industrial regions exceeds 

the average national level, in addition, there have been reports of mass development of neurological 

diseases;  

4. the FEC contributes to environmental pollution and its impact on public health. Maintaining 

current dynamics of the FEC complex development can have an impact on public health living in the 

regions where FEC facilities are located; 

5. situation improvement requires the set of measures aimed at reducing pollution and negative 

impact on public health, as well as social and economic measures aimed at improving the quality of 

life, such as improving infrastructure, increasing availability and quality of medical care etc.;  

6. as part of FEC Concept, special attention should be paid to reduction of environmental burden 

in the regions with large FEC facilities by modernizing and/or decommissioning outdated production 

facilities, and gradually replacing them with more environmentally friendly sources. 
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Figure 5.3.2 Map of environmentally sensitive and stressed areas: public health
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6. STRATEGIC ANALYSIS 

Strategic analysis included: 

• Analysis of strategic planning context, described the main documents directly related to 

FEC Concept; 

• FEC Concept analysis for compliance with environmental objectives (target analysis). 

6.1 Strategic planning context analysis  

FEC Concept is a strategic planning document regulating the long-term development of energy. 

The document is aimed at implementation of energy functions to ensure life support in the country 

and economic development. The FEC Concept is an integral part of strategic planning system and 

therefore is linked (or should be linked) to both superior documents determining the development 

priorities of the country as a whole, and documents subordinate to FEC Concept and aimed at its 

implementation. 

National documents for strategic planning  

The general framework for development and implementation of FEC Concept is provided by the 

main strategic documents of Kazakhstan: 

• Strategy Kazakhstan-2050: new political course of the established state, 

• “Strategic Development Plan of the Republic of Kazakhstan until 2025”, 

• “Concept for transition of the Republic of Kazakhstan to Green Economy.” 

These strategic documents determine overall development goals of Kazakhstan, including the 

country's energy sector, and set the main targets and time frames for their achievement. 

Sectoral documents for FEC strategic planning  

The FEC Concept should be implemented through program and planning documents defining 

the development of FEC industries. Such documents have been developed for a number of industries, 

for example, for the oil and gas industry. At the same time, FEC Concept partially reflects content of 

these program documents, rather than setting priorities and requirements for their content and 

implementation. 

A number of energy industries do not have industry programs at all (e.g. the coal industry). Other 

plans, for example, plans for RES development exist but are short-term in nature, which does not 

allow them being integrated into strategic planning system. 

It should be noted that the system of documents regulating FEC strategic development has 

significant gaps. Plans and programs determining the development of individual FEC sectors are 

weakly linked to each other. The overall balance of primary and secondary energy is not formed. In 
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fact, the FEC Concept, which could (and should) play coordinating role and determine priorities of 

sectoral programs, does not currently play this role. 

These gaps must be filled. The updated FEC Concept should serve as a unifying document 

defining the development priorities of various FEC sectors ensuring balanced energy production and 

efficient use of resources. To achieve this it is advisable to: 

• Form general balance of primary and secondary energy production setting the framework to 

prepare policy documents for all FEC sectors; 

• Develop goals and objectives for FEC Concept, indicators and procedures to track the efficiency 

of FEC Concept implementation and timely adjustments (see Section 3.1). 

6.2 Environmental objectives of Kazakhstan applicable to FEC Concept  

Screening and scoping included analysis of the national documents defining national priorities 

and goals in the field of environment protection and public health, as well as indicators of their 

achievement (see Section 5.1). These goals and indicators serve as the basis for conducting targeted 

analysis of FEC Concept. 

Reducing emissions of sulfur dioxide, nitrogen oxides, volatile organic compounds, dust that have a 

negative impact on public health, flora and fauna to European standards and ensuring compliance 

with air quality standard ensure adherence to air quality standards. 

a) Reducing energy intensity of the gross national product until 2030 by 30% and until 2050 by 

50% compared to the base year 2008 (Concept for transition of the Republic of Kazakhstan 

to green economy, p.7). 

b) Increasing the share of gas generation, including coal methane by 20% until 2020, 25% until 

2025 and 30% until 2050 due to conversion of thermal power plants in major cities to gas with 

available gas volumes and reasonable gas prices. 

c) Gasification of the Northern and Eastern regions of Kazakhstan until 2030. (General scheme 

of gasification in Kazakhstan). 

2. Reduction of greenhouse gas emissions from the level of 1990 at least 15% until 2030 and at least 

40% until 2050 (Concept for transition of the Republic of Kazakhstan to green economy, p.7). 

3. Protection of water bodies, and rational use of water. (Environmental Code). 

a) Solving problems related to provision of drinking water to population by 2020 and 

provision of water to agriculture by 2040. (Strategy Kazakhstan-2050) 

b) Introduction of advanced technologies for extraction and prudent use of groundwater 

(Strategy Kazakhstan-2050). 
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c) Reduction of irrigation water consumption per 1 ha of irrigated area by 20% in 2021 

to the level of 2015 (State program of agro-industrial complex development of the 

Republic of Kazakhstan for 2017-2021). 

d) Increase in additional surface water resources by 1.9 km3 in 2021 to the level of 2015 

(State program of agro-industrial complex development of the Republic of Kazakhstan 

for 2017-2021). 

e) The volume of water in recycling water supply systems in industry: recycling from 

0.69 km3 in 2015 to 0.77 km3 in 2021; working capital from 7.3 km3 in 2015 to 7.62 

km3 in 2021 (State program of agro-industrial complex development of the Republic 

of Kazakhstan for 2017-2021). 

4. Rational use of land resources (Land Code) 

a) Increase in acreage (Strategy Kazakhstan-2050). 

b) Preservation of land as a natural resource, prevention of damage or elimination of its 

consequences (Land Code).  

5. Achievement by the state of goals to ensure favorable environment for life and health of the 

population (Environmental Code). 

a) All extractive enterprises should introduce only environmentally friendly production. 

(Strategy Kazakhstan-2050); 

b) Increase life expectancy of the population in Kazakhstan to 73 years by 2020 

(Densaulyk Healthcare Development State Program of the Republic of 

Kazakhstan for 2016-2019); 

c) Achievement of population health index (which had no reason to go to hospital due to 

illnesses) at the level of 20% by 2020 (Densaulyk Healthcare Development State 

Program of the Republic of Kazakhstan for 2016-2019) 

d) Achievement of population satisfaction level with the quality of medical care at the 

level of 46% by 2020 (Densaulyk Healthcare Development State Program of 

the Republic of Kazakhstan for 2016-2019). 

6. Biodiversity conservation (Draft biodiversity conservation concept). 

a) Development of migration routes for wild animals by 2020; 

b) Development and implementation of design solutions for installation of above-ground 

and underground passages for animals by 2020; 

c) Assessment of priority sections of power lines in Kazakhstan for primary cessation of 

their harmful effects on birds by 2019-2020; 

d) Equipping priority sections of power transmission lines in Kazakhstan for immediate 

cessation of their harmful effects on birds by 2022; 
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e) Ensuring protection and resumption of migration routes, corridors and stops for 

migratory species and reduce landscape fragmentation caused by migration barriers 

(Kazakhstan’s Biodiversity Conservation Strategy). 

7. Reduction of waste generation, including high hazard classes (National waste management plan).  

1. Increase the share of recycled waste to 40% by 2030 (Strategy Kazakhstan-2050). 

6.3 Targeted analysis of FEC Complex development scenarios   

As already explained in Chapter 3, the draft of new FEC Concept in terms of forecasting the 

development of fuel and energy complex is considering a scenario approach. The principle of building 

scenarios is based both on maintaining current trends in energy sector, as well as on planned 

qualitative and structural changes in it. In addition to the baseline scenario, reflecting persistence of 

current trends in the future, the remaining three scenarios are based on the principle of consistent 

achievement of a new level of change. 

The main objective of FEC Concept is to ensure energy security through the priority satisfaction 

of domestic energy needs. As mentioned above (Section 6.1), specific goals of FEC development by 

2030 are not defined in the Concept. Therefore, development goals regarding environmental goals 

are not analyzed in this document. 

All scenarios work on this common goal. At the same time, the compliance of each scenario 

with environmental objectives (and sustainable development goals) of Kazakhstan depends on the 

direction and depth of structural changes embodied in this scenario. 

The table below shows targeted analysis of FEC development scenarios (Table 6.1). 

   

    Table 6.1. Evaluation of the Concept scenarios based on the basic objectives in the field of 

environmental protection and healthcare. 

General national goals for environmental and 

public health protection 
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Reduce emissions of sulfur dioxide, nitrogen oxides, 

volatile organic compounds, dust that have negative 

impact on public health, flora and fauna to European 

standards and ensure adherence to air quality 

standards. 

      

- 

 

   + 

 

      + 

 

        ++ 
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Reduce greenhouse gas emissions from the level in 

1990 at least 15% by 2030 and at least 40% by 2050 

 

   - 

 

   + 

 

    ++ 

 

       ++ 

Protection of water bodies, and rational use of water   -/0   -/0       -          - 

Rational use of land resources    -/0    0        0                      0   

Achievement of state goals to ensure favorable 

environment for life and health of population 

 

    - 

 

  + 

 

     + 

 

       ++ 

Biodiversity conservation   -/0   +/0     +/0        +/0 

Reduce waste generation, including high hazard 

classes 

    -    +      +         -/0  

 

      ++   there is likely to be significant synergy between the scenario and stated goal to protect 

environment/public health (i.e., implementation of this scenario may contribute to achieving the goal 

of environmental protection/public health), 

+ a synergy between the scenario and stated goal to protect environment/public health is likely 

(that is, implementation of this scenario may contribute to the goal to protect environment/public 

health), 

0 there is no link between the scenario and stated goal to protect environment/public health, 

- there may be a conflict between the scenario and given goal to protect environment/public 

health (that is, implementation of scenario may slow down or even prevent the achievement of goal 

to protect environment/public health), 

        - - a significant conflict is likely between the scenario and stated goal to protect environment/ 

public health (that is, implementation of scenario can slow down or even prevent the achievement of 

goal to protect environment/public health), 

+/- one can expect both synergy and conflict. 

 

Goal 1. Reduction of emissions of sulfur dioxide, nitrogen oxides, volatile organic 

compounds, dust that have negative impact on public health, flora and fauna to the level of European 

standards and ensure adherence to air quality standards. Emissions of sulfur dioxide, nitrogen oxides, 

volatile organic compounds, dust are the most significant environmental aspect of the fuel and energy 

complex today. Implementation of all scenarios implies reduction of this load on the atmosphere, and 

the maximum positive value is achieved under an optimistic scenario. 

Goal 2. Reduction of greenhouse gas emissions from the level of 1990 at least 15% by 2030. 

This goal will be implemented under all scenarios (subject to moderate growth of greenhouse 

emissions from sources other than fuel and energy complex). This is due to the fact that the most 

pessimistic (basic) scenario in terms of greenhouse gas emissions fulfills this international obligation 
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of the country. The maximum reduction in greenhouse gas emissions is achieved under an optimistic 

scenario. 

Goal 3. Protection of water bodies, and rational use of water. 

Current energy development trends do not have significant negative impact on natural waters, 

since energy accounts for no more than 3% of the total economic use. This impact is estimated as 

insignificant under the basic scenario. Similar situation is observed in gas scenario. 

The increased use of river flows for the development of small-scale power generation in 

combined and optimistic scenarios can lead to impacts that are more significant on water resources; 

this impact should be carefully analyzed when planning small hydropower plants. It is necessary to 

take into account not only the existing energy potential, but also ecological capacity of the 

regions/basins where development of small hydropower plants is planned. 

Goal 4. Rational use of land resources. 

The impact on land resources is currently increasing in conditions of maintaining and increasing 

production of solid and liquid energy carriers. Accordingly, this impact will increase under the basic 

scenario. The remaining scenarios suggest a decrease in production of solid, but preservation of 

growth of liquid energy; impact on land resources will increase proportionally. 

Goal 5. Achievement of state goals to ensure favorable environment for life and health of 

population. 

The geography of fuel and energy complex location largely coincides with geography of dense 

settlement of the population in the country. Despite the existence of restrictions in terms of 

establishing direct relationship between emissions of fuel and energy complex and public health, the 

fact of proximity suggests that this relationship exists. Basic scenario implementation will lead to 

preservation of existing trends. The remaining scenarios suggest reduction in the impact on public 

health due to structural changes in energy sector in favor of more environmentally friendly industries 

and energy carriers. The development of nuclear energy under the optimistic scenario contains risks 

associated with possible technological accidents. 

Goal 6. Biodiversity conservation. 

Impacts of existing fuel and energy complex facilities on biodiversity are difficult to assess 

separately from other existing factors (cumulative effects associated with other industries, climate 

change, etc.). 

Basic scenario implementation will lead to preservation of the existing impact (conventionally 

estimated in the range of values -/0). The remaining scenarios also imply that the level of impact has 

decline dynamics (the range is conventionally rated +/0 for all three). However, the development of 

renewable energy also implies certain risks: 
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1. small hydropower (RES) development can have cumulative effect from the extensive 

development of hydropower in the river basin on aquatic biodiversity (as this may change the water 

regime). 

2. wind energy has the potential impact on avifauna (migration corridors). Although this impact 

will be local, the SEA can still emphasize which bird migration corridors need to be protected from 

the placement of wind energy facilities. 

The scale of implementation of small hydropower and wind power industries is of maximum 

importance in combined and optimistic scenarios. It is necessary to plan RES development taking 

into account these risks and ecological capacity of the regions (river basins), avoiding accumulation 

of negative effects. 

Goal 7. Reduction of waste generation, including high hazard classes. 

Waste generation, including high hazard classes, is another significant environmental aspect of 

fuel and energy complex development. The amount of waste with current trends in the extraction of 

energy resources will grow with the same dynamics. The forecast scenarios (except for the basic) 

suggest a decrease in extraction of solid fuel resources (coal), respectively, and on waste increase. 

Evaluation of the Concept scenarios taking into account the goals in the field of environmental 

protection and public health shows that the greatest positive effect can be expected within the 

Combined Scenario. The Optimistic Scenario implementation also has significant positive effect, 

but it is accompanied by an increase in impact on the need to dispose of new classes of waste 

associated with nuclear generation. Consideration should be given to the management of these types 

of waste. 
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7. ASSESSMENT OF POTENTIAL EFFECTS OF FEC CONCEPT 

IMPLEMENTATION ON THE ENVIRONMENT AND PUBLIC HEALTH 

7.1 Assessment of potential effects of scenarios implementation on the environment and 

public health   

This section includes assessment of potential impacts of FEC Concept implementation in four 

scenarios. 

        Table 7.1.1 Environmental risk assessment in the context of FEC Concept. 

Individual components of the 

FEC Concept 

Assessment of risks and 

opportunities in terms of 

the FEC Concept 

scenarios 

            Comments 
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FEC components associated 

with gas usage expansion: 

- gasification of the territory of 

the Republic of Kazakhstan, 

- investment strategy to expand 

gas-based generation of heat 

and electricity, 

- liberalization of liquefied gas 

market to meet growing 

demand, 

- associated gas utilization 

program, 

- expansion of gas consumption 

by the utility sector. 

 

 

 

  +1 

 

   0 

 

   

 

   0 

 

 

 

    0 

   

 

 

 

   

+1 

   

+1 

 

 

 

  0 

 

 

 

  0 

    

 

 

 

   

+1 

   

+1 

 

 

 

  0 

 

 

 

  0 

    

 

 

 

   

 +1 

  

 +1 

 

 

  

   0 

 

 

 

   0 

   

 

 

 

 

Transition to a more 

environmentally friendly fuel. 

Transition to a more 

environmentally friendly fuel. 

 

Forecasted an insignificant share 

of liquefied gas market in the 

total demand for energy 

resources. 

Associated gas utilization rate in 

2017 was 98%. Potential for 

growth is insignificant. There is 

considerable potential, the size of 
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   +1 

 

 

+1 

 

+1 

 

 +1 

which is hard to predict at 

present. 

Measures to develop 

alternative energy: 

- plans to expand generation 

based on solar and wind energy 

 

 

 

 

 

 

 

 

 

 

 

 

- nuclear generation 

development. 

 

 

 

 

 

   

  0 

 

 

 

 

 

 

 

 

 

 

 

 

 

N/a 

 

 

 

 

 

   

+1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 N/a 

 

 

   

+1 

 

 

 

 

 

 

 

 

 

 

 

 

 

N/a 

 

 

  

 +1 

 

  

 

 

 

 

 

 

 

 

 

 

 

+1/-1 

 

 

Transition to a more 

environmentally friendly fuel. 

Wind power has the potential 

impact on avifauna (migration 

corridors). Although this impact 

will be local, the SEA can still 

emphasize which bird migration 

corridors need to be protected 

from the placement of wind 

energy facilities. 

 

 

 

This measure will reduce 

environmental burden, but there 

are environmental risks 

associated with operation of 

nuclear power plants and the risk 

of the need to dispose of nuclear 

fuel in the long term.  

- small hydropower 

development (RES) 

 0 0/-1 -1 -1 May have cumulative effect on 

aquatic biodiversity (as this may 

change the water regime). 

Measures to improve the 

efficiency and reduce 

environmental burden of 

traditional energy: 
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- capacity market development, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- balancing electricity market 

development.  

 

    ? 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 ? 

     

 

    ? 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

   

  ?     

 

    ? 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

    

  ? 

 

    ? 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   ? 

 

 

    May potentially lead to a 

decrease in environmental 

impact due to control of the 

parity between electric power 

capacities and the state of 

demand for electric power in 

comparison with current growth 

of power reserves. Impact 

reduction occurs by increasing 

the payload on power and 

reducing the amount of fuel per 

unit of electricity and heat. 

      

 

 

 

It can potentially increase the 

demand for electricity by 

reducing its price at night by the 

population, especially in winter, 

replacing the demand for coal.  
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Table 7.1.2 

Environmental and health issues: for example, water resources + list of key issues to be 

addressed (from scoping report)  

Individual 

components of the 

concept (i.e. measures 

or proposed actions) 

Risk and opportunity assessment 

Proposed 

mitigation measures 

 First, use the following symbols to 
indicate the potential effect: 

Rating scale : 

-2 significantly negative effect/high risk 

-1 moderate negative effect/risk 

0 no effect 

+1 moderate positive effect/opportunity 

+2 significantly positive 
effect/opportunity 

? high uncertainty, the nature of potential 
effects is impossible to predict 

Description of 

measures to reduce 

risks or strengthen 

identified opportunities 

- see presentation 

made on 5 March  

2018, with additional 

information on 

measures to reduce 

risks. 

Coal energy 

1) maximum 

preservation of coal 

production; 

 

 

 

 

 

2)  increasing the 

efficiency of subsoil 

use: modernization and 

 

-1 The amount of coal used in energy and 

utilities sectors has the potential to increase it. 

There are risks of further deterioration of air 

quality, especially in regions with adverse 

weather conditions. The last major factor 

indirectly affecting the health of population. 

 

 

 

 

0/?  Large coal companies carry out activities to 

increase production efficiency. There are 

opportunities to reduce the burden on the 

environment, but they are limited by geological 
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introduction of new 

technologies; 

 

 

3)  improving the 

quality of  produced 

coal; 

 

 

 

4)  improving 

environmental 

friendliness of coal 

generation; 

 

 

 

 

 

5)  development of 

deep processing and 

alternative use of coal. 

conditions of coal mining and the coal quality 

itself.  

 

 

 

 0/+1  Quality improvement is required for the 

most mass high-ash brands. Theoretically, there 

are opportunities to reduce the burden on the 

environment by using higher quality coal.      

 

 

 

 0/+1 The policy electric power facilities 

modernization to reduce emissions has reduced 

the level of solid pollutants at some stations. 

Further update faces technological limitations, 

or economic failure. There is a risk that the 

program will not have any serious prospects in 

the future. 

 

 

 

      0/+1 Coal chemistry development is not 

directly related to potential impact on the 

environment, but contributes to creation of an 

alternative to incineration method of coal use. 

Opportunities mainly related to pilot small 

projects.  

Gas consumption       0/+1 Gasification program of the country is 

mainly associated with expansion of gas use in 

the regions with already significant level of 

gasification for private and domestic use. Plans 

for replication across the regions with the lack 
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of gas supply require separate programs with 

appropriate resource support. Expansion of the 

use of gas for electricity generation was 

assumed at new stations in western regions of 

the country. The use of gas in large cities of 

northern and southern Kazakhstan was 

assumed only if there was cheap gas on the 

market and if there was already an existing gas 

infrastructure. 

Renewable energy 

sources 
   ?/+1 Indicative plans for solar and wind 

power generation development are taken from 

the Concept for transition of Kazakhstan to 

green economy. Plans to achieve a share of 3% 

by 2020 and a share of 10% of total electricity 

generation by 2030 compared to current share 

of 1% look optimistic. 

 

Nuclear power 

1)  uranium conversion 

capacities; 

 

 

2)  increase in supply 

of powder and 

enriched uranium fuel 

pellets; 

3) localization of  fuel 

assemblies production. 

 

0 Uranium processing is associated with 

production of waste from this process. The 

prospects for creating uranium conversion 

facilities are very low. 

 

-1 The risks of increasing the load are 

insignificant and may have prospects in case of 

formation of full domestic uranium processing 

cycle. 

 

0 Risks of localization of fuel assemblies 

production are insignificant and are usually tied 

to consumption market. The absence of 

domestic market for uranium assemblies 

consumption minimizes the possibility of their 

production. 
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       Key factor influencing the level of environmental impact from domestic fuel and energy 

complex is the consumption of the most popular high-ash grades steam coal by the latter. 

As for the possibility of a significant reduction in environmental pressure due to increased efficiency, 

its potential has limitations. In particular, this is facilitated by the complex technological 

compatibility of equipment with modernization of existing plants, as well as low quality of the main 

fuel element, high ash content coal. Nevertheless, the energy efficiency policy is the second in terms 

of the effect on reducing the environmental impact and requires separate consideration in FEC 

Concept. 

Thus, the level of environmental impact from energy enterprises significantly depends on the 

amount of coal used. Below is a table with calculations of the potential reduction in coal consumption 

in the context of FEC Concept scenarios. The potential is calculated on the basis of plans for reduction 

and consumption of coal in the context of scenarios for 2016. 

 

          

 

Assessment summary: 

Keeping current trends in fuel and energy complex until 2030 will not lead to significant 

reduction in environmental impact. The latter is associated with the forecast of a slight increase in 

energy demand. The maximum impact will be on the atmosphere at coal burning. The expansion of 

gas use in current trend is moderate.  Market and infrastructure constraints hinder an active growth 

in consumption. The share of generation based on solar and wind energy reached 1%, further 

increase in the share of generation will be more rapid. Reducing environmental effect by replacing 

coal consumption when switching to gas is significant, the same can be said for renewable energy 

sources. 

In regional terms, the level of environmental impact in large cities and cities with adverse 

weather conditions will only increase. The impact of fuel and energy facilities on public health, 

especially cities, will also increase. 

Plans within the new version of FEC Concept suggest an active position of the state on a 

significant change in the structure of fuel and energy sector. Such an active position has its own 

logical explanation. The negative impact of domestic fuel and energy sector on the environment is 

close to its maximum values. Transition to green economy is not an end in itself, but a condition for 

a change in trend, the latter in turn requires fundamental, rather than point changes. 
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Table 7.1.3 Potential for environmental effect change by 2030 in the context of FEC Concept 

scenarios.                                                                                                             thousand tons of coal 

Trends within FEC 
Concept influencing the 
change in the level of 
environmental effect. 

                      FEC Concept scenarios 
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Effect of reducing coal 
consumption by 
electricity sector with the 
transition to gas  

 
         0 

 
    -  2 800 

 
    -  2 800 

 
      - 2 800 

Effect of reducing coal 
consumption by utility 
sector with the transition 
to gas 

 
         0 

 
          0 

 
          0 

 
            0 

Effect of substitution of 
coal consumption due to 
renewable energy sources  
development  

 
         0 

 
    - 2 860,6 

 
    - 6 436,4 

 
      - 7 866,7 

Effect of substitution of 
coal consumption due to 
nuclear generation 
development 

 
        0 

   
          0 

  
         0 

 
       - 5 721,3 

Total effect          0      - 5 660,6   
thous. tons 

   - 9 236,4 
thous. tons 

      - 16 388 
thous. tons 

        Note: Calculation was made taking into account change in the level of coal consumption relative 

to the basic scenario (-/+ - reduction/increase in coal consumption by energy sector). The basic 

scenario maintains coal consumption by 2016 at the level of 2016. The values of item “Effect of 

reducing coal consumption by the public sector by transition to gas” will be filled in the final version 

of the environmental report upon preparation of the relevant program. 

1. The effect of reducing coal consumption by electricity sector according to plans is that by 

2030 gas consumption growth from electricity sector will be 10.1 bln m3. Based on the forecast of 

consumption for current year (7.4 bln m3), an increase by 2030 will be 36%. The working group 

integrated plans (taken from the concept of gas industry development) to increase the consumption 

of marketable gas by all categories of consumers into the new version of FEC Concept. Significant 

amount of growth is by the growth in energy sector consumption. The list of future gas consumers 

includes two dozen power plants, including: existing stations using gas fuel, new gas stations, 

operating power stations that have switched from using coal to gas. The latter includes Almaty CHP 

2. The transition of Almaty CHP 2 to the use of gas fuel will be held in two stages. Until 2022 
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inclusively, annual consumption will amount to 292 mln m3, subsequently consumption will increase 

to 1,664 mln m3, taking into account both complete replacement of current consumption of coal fuel 

and growth of fuel consumption in the future. Approximately, the volume of current coal consumption 

at the station is 2.2 mln tons, which is equivalent to 1.1 bln m3 of gas. Thus, in Almaty CHP 2, the 

reduction in coal consumption will be (292 mln m3/1.1 bl m3) * 2.2 mln tons = 584 thousand tons of 

coal for the period 2019-2022 and 2.2 mln tons over the period 2023-2030. 

As part of Saryarka gas pipeline construction project (deadline is the end of 2019), it is also 

planned to transfer the water boilers of Astana CHP 2 from coal to gas. When changing the fuel, coal 

consumption will decrease by 600 thousand tons per year. This project is associated with 

implementation of General Gasification Scheme of Kazakhstan until 2030. The volumes of future 

consumption through this pipeline are already included in the gas balance. The updated gas balance 

for information of the working group is currently already integrated into the body of FEC Concept. 

Carrying out activities to replace coal with gas in electricity sector is projected for all scenarios 

except the basic one. The decrease in coal consumption for this event by 2030 will amount to 2.8 mln 

tons. The effect of this event is significantly higher than conventional numbers because it implies a 

reduction in environmental impact and, accordingly, public health in the two largest cities. 

        2.  The effect of reducing coal consumption by utility sector, with the transition to gas is 

focused on a program for active development of gas infrastructure in regions with priority coal 

consumption. The route of the future gas pipeline Saryarka will pass through Karaganda region. This 

region is the largest atmosphere pollutant in the country (593 thousand tons of pollutants per year), 

together with Pavlodar region create more than half of the country's total pollution (2.2 mln tons). 

Increasing the use of gas in a region with such a high concentration of sources of air pollution requires 

special assessment. 

As part of Saryarka project, the volume of gas supply to Karaganda region will amount to 1.4 bln 

m3 (the volume is included in updated gas balance of the country and is integrated today in the body 

of FEC Concept). According to regional authorities, plans are currently being developed for the most 

efficient use of gas by energy sector in the region. Of three potential segments of gas consumers 

(population, electric power industry, utility sector), the most optimal is the transfer of gas to utility 

sector. High level of urbanization of population and the presence of well-developed centralized 

municipal infrastructure (in particular, heat provision) can significantly reduce coal consumption 

during the transition to gas from regional boiler houses. Transition of regional electric power 

enterprises to gas in comparison with district boiler houses will be less rational due to the higher 
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efficiency of coal utilization on them. In case of transition, a positive effect on the environment will 

be lower. 

The inclusion of this activity in preliminary Environmental Report does not interfere with the 

plans for gasification development, but may increase the environmental return from implementation 

of FEC Concept. Accordingly, this recommendation contributes to maintaining environmental 

priorities as an integral part of energy policy. 

 The event has significant indirect effect on public health given the high level of urbanization in 

the region and placement of public utility infrastructure in densely populated areas. Calculation of 

environmental consequences can be made based on the program evaluation as part of regional 

gasification. 

        3. The effect of substitution of coal for alternative energy consumption due to decrease in 

production of electricity using coal in the country by 2030. Structural change means reduction in 

generation of electricity based on coal due to an increase in generation from alternative sources. To 

estimate physical volume of changes, production indicator in the country for 2016 in the amount of 

94.1 bln kW/h was taken as calculation base. 

Preliminary draft of the structure of electricity generation by 2030 on the basis of alternative and 

renewable sources, adopted as the basis of working group of the Ministry of Energy, implies both 

maintaining the current share of 11% (Basic scenario) and increasing it to 30% (Optimistic scenario). 

      Table 7.1.4 Forecast of alternative and renewable sources share in total power generation in 

Kazakhstan by 2030. 

 Basic 

scenario 

Gas 

scenario 

Combined scenario Optimistic 

scenario 

Share of electricity 

generation based on 

alternative and 

renewable energy  

 

       11% 

 

      15% 

 

             20% 

 

          30% 

Solar, wind sources and 

small hydroelectric 

power plants. 

       9%        5%            10%          10% 

Large HPP        10%       10%            10%           12% 
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Atomic generation         -         -              -            8% 

Calculation principle is focused on estimating the reduction in the share of coal used by 

electricity sector and, accordingly, the environmental burden. The calculation was carried out for gas, 

combined and optimistic scenarios. The object for comparison is the basic scenario, which reflects 

current production figures. 

     Table 7.1.5 Assessment of coal consumption reduction due to development of alternative and 

renewable energy in the context of FEC Concept scenarios. 

 

B
as

ic
 

G
as

 

C
om

bi
ne

d 

O
pt

im
is

tic
 

Share of alternative energy sources in total 

electricity generation in the country by 2030 

(%). 

 

      11 

 

      15 

 

 

       20 

 

      30 

Increase in the share of alternative sources in 

total generation relative to basic scenario (%). 

 

       0 

 

        4 

 

         9 

 

       19 

Share of substituted generation based on coal 

due to increase in the share of alternative 

sources by 2030 (%). 

 

      0 

 

  

       4 

 

         9 

 

      19 

Planned volume of electricity generation in 

Kazakhstan by 2030 (for comparison, the 

forecast indicator of basic scenario equal to the 

actual generation for 2016 is used). 

       

 

      94,1 billion kW/h 

 

Volume of replaced share of electricity due to 

expansion of alternative generation (mln kW/h). 

 

       0 

 

   3 764 

 

     8 469 

 

   17 879 
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Specific output ratio at coal stations (defined as 

the average value of the volume of coal 

consumed to generate 1000 kW/hour). The 

indicator is calculated only for coal stations by 

the end of 2016. 

 

 

 760 tons of coal/1 mln kW/h 

 

Reducing the volume of coal consumption due 

to expansion of alternative energy in relation to 

basic scenario (2016). (thousand tons) 

 

     0 

 

2 860,6  

 

 6 436,4 

 

  13 588 

 

  

       The size of reduction in coal consumption for each scenario is calculated for only 2030. The 

current version of FEC Concept does not yet reflect the forecast of changes in the structure of 

electricity generation based on alternative and renewable sources within the forecast period. There is 

a possibility that such information may not be contained in the final version of FEC Concept. At this 

stage of FEC Concept preparation, it is recommended to establish development goals, stages for 

implementation of the Concept and indicators for phased achievement of goals. 

       7.2 Changing generation structure and environmental indicators 

       As already noted, forms of exposure from the energy sector to environmental element the 

atmosphere are emissions of pollutants and greenhouse gases. Sources of these emissions are the use 

of gas and coal to produce electricity and heat. The predicted structural changes in the context of 

types of generation and in the context of energy development scenarios up to 2030 allows to evaluate 

both relative and gross indicators of the use of coal and gas. The impact of the latter on the 

environment indirectly affects the likely consequences for public health. 

         Table 7.1.6 Relative and gross indicators of coal and gas utilization 

 Basic Gas Combined Optimistic 

Share of electricity and 

heat generation based 

on gas by 2030. 

 

        20% 

 

        25% 

 

            25% 

 

           25% 
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Share of electricity and 

heat generation based 

on coal by 2030. 

 

        69% 

 

        60% 

 

             55% 

 

            45% 

 For comparison the actual generation volume for 2016 is 94.1 bln kW/h 

Volume of electricity 

and heat generation 

based on gas by 2030. 

bln kW/h 

 

      18,8 

 

       23,5 

 

         23,5 

 

        23,5 

Volume of electricity 

and heat generation 

based on coal by 2030. 

bln kW / h 

 

       64,9 

 

        56,5 

 

           51,7 

 

         42,3 

 

       Table 7.1.7 Environmental indicators (thous. tons) 

 Basic Gas Combined Optimistic 

Total change in 

pollutant emissions 

    

Gas stations         + 11,9          + 11,9          + 11,9 

Coal stations       - 136,4          - 222,6         - 395,0 

Total       - 124,5           - 201,7         - 383,1 

Total change in 

greenhouse gas 

emissions, GHG, t 

СО2. 

    

Gas stations    + 3 684           + 3 684       + 3 684 

Coal stations    - 10 401          - 16 971      - 30 112 

Total     - 6 717          - 13 287      - 26 428 
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Calculations were made based on transferring the volume of generated electricity to physical 

volume of reference fuel based on their actual average ratio for 2016. Conversion of conditional fuel 

(coal and gas) into the volumes of emissions of pollutants and greenhouse gases was also carried out 

taking into account both the actual ratios and the technical parameters of the fuel. 

Taking into account total actual emissions of pollutants in Kazakhstan by the end of 2016 in the 

amount of 2,271.6 thous. tons, their reduction by 2030 within the projected scenarios will be: gas 

scenario - 5.5%, combined scenario - 8.9%, optimistic scenario - 16.8%. The share of emissions of 

pollutants of the fuel and energy complex in total emissions does not exceed - 45% or 1010 thousand 

tons. Reduction of emissions relative to emissions of pollutants from the energy sector itself will be: 

gas scenario - 12.3%, combined scenario - 19.9%, optimistic scenario - 37.9%. 

        The volume of greenhouse gas emissions in CO2 equivalent from energy activities in 2014 

and 2015 amounted to -258004.76 thous. tons, 246875.0 thous. tons. When compared with a higher 

figure for 2014, the reduction in greenhouse gas emissions under the forecast scenarios is: gas 

scenario - 2.6%, combined scenario - 5.1%, optimistic scenario - 10.2% 

        Calculations show that the planned structural changes in fuel and energy sector within the 

implementation of gas, combined and optimistic scenarios of FEC Concept can lead to a significant 

reduction in pollutant emissions to atmospheric air. At the same time, the effect of reducing 

greenhouse gas emissions is expected to be slightly lower. The last result is preliminary and requires 

clarification within the planned further monitoring in the process of implementation of activities 

under the FEC Concept. According to the results of 1990, greenhouse gas emissions from energy 

activities amounted to 319,517 thousand tons. The decrease by 15% is 271,589 thousand tons, which 

is higher than the 2014 figure by 13,585 thousand tons. Taking into account implementation of the 

plans of FEC Concept, a decrease in the negative contribution of the energy sector within fulfilling 

the country's international commitment by 2030 is projected. As for the country's international 

obligations on greenhouse gas emissions, it is difficult to predict implementation of their reduction 

by 15% by 2030 within the FEC Concept, since the emissions sources are not only energy facilities. 

         Additionally, environmental indicators reflecting qualitative environmental characteristics of 

the fuel and energy complex can be calculated - the amount of emissions per unit of electricity and 

heat generation.   

        The above calculations estimated the likely impact of a part of the fuel and energy complex on 

key environmental problems to the health of population throughout the country, while they are also 

applicable to impact assessment for certain key regions.  
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   For reference: The degree of energy sector impact on environmental elements throughout the 

territory of Kazakhstan is very uneven. In particular, the maximum impact is tied to the nearest areas 

of concentration of energy facilities. The latter, in turn, are largely tied to geography of population 

settlement. The low average population density of the country in a compartment with a high 

concentration in the context of the largest settlements shows need to apply indicators reflected above 

not only for the country as a whole, but also for certain key regions. About 4 million people currently 

live in the cities of Almaty and Astana with adjacent territories, which is about 22% of the total 

population of the country. According to forecasts, by 2030 about 7 million people or 34% of the 

population will live there. Accordingly, the environmental state within these cities requires separate 

assessment. 

Even a small impact of the energy sector on areas with high population density, characterized 

by prolonged poor dispersion of emissions, has a substantial indirect contribution to deterioration of 

public health. 

7.3 Environmental and health aspects in terms of proposed mitigation measures  

Table 7.3.1: Atmosphere  

No. Themes/types of 
energy considered in 
FEC Concept 

Risk and opportunity assessment Proposed mitigation 
measures 

1 Electric power +1 

FEC Concept plans to reduce the share 
of electricity and heat generation based 
on high-ash coal. Accordingly, the 
impact on atmosphere will be reduced. 
Since many power facilities are 
located in densely populated areas 
(Karaganda, Pavlodar, Astana, 
Almaty), this will lead to a decrease in 
the health effects of the population.  

Preliminary calculations show that 
introduction of the Concept (and 
implementation of measures specified 
in it) will lead to significant reduction 
in pollutant emissions (Chapter 5 of 
the Environmental Report).   

1. Introduction of 
higher 
environmental 
requirements 

2. Installation of filters 
for cleaning gaseous 
products (NOx, 
SOx) 

3. Promotion of 
scientific research 
and support for the 
development of 
promising 
technological 
solutions aimed at 
reducing the 
negative impact on 
the environment and 
environmental risks; 

2 Coal industry +1 Introduce requirements 
for the quality of 
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FEC Concept implies a reduction in 
the volume of production and further 
use of coal within the country. General 
decline in production will stimulate the 
transition from gross to selective 
production in order to increase 
economic returns. Considering 
technological process of extraction, 
there is a possibility of reducing the 
concomitant formation of dumps and 
overburden, which are a source of 
harmful emissions into the atmosphere 
during their combustion and dusting. 

Realism of measures execution is 
sufficiently high, considering that they 
will be conducted not in a directive 
manner, but due to the motivation of 
private sector in the face of reduced 
consumption of their products. 

 

 

municipal coal used in 
settlements. 

3 Oil and gas industry +1 

In the face of rising oil production, 
pollutant emissions from refining 
process will increase. 

At the same time, significant increase 
in gas consumption is planned. The 
planned increase in methane 
production of coal seams, natural gas, 
and liquefied petroleum gas 
production will reduce overall risks of 
negative impacts on atmosphere. 

An increase in natural gas 
consumption, while reducing the 
consumption of solid fuels, will lead to 
reduction in pollutant emissions and 
greenhouse gases. 

The existing government programs for 
extraction and use of gas show the 
potential for improving the state of 
atmosphere in large cities and other 
settlements. 

Проведение политики 
стимулирования 
переработки сырого 
газа снижает уровень 
его выбросов в 
атмосферный воздух. 
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Implementation of gas plans within the 
FEC Concept is a high priority of the 
state. 

4 Renewable energy +1 

Replacing the coal stations by 
renewable energy will reduce the 
impact of the latter on the air. 

Compliance with design 
decisions in the 
construction and 
operation of renewable 
energy facilities. 

5 Nuclear energy and 
uranium mining 

+1 

Emissions of radionuclides into 
environment under conditions of 
normal operation of nuclear power 
plants are insignificant, but still have 
an impact on nearby territories. In case 
of accidental releases, in most cases 
during the acute period of the accident, 
considerable contamination of the 
atmosphere with radionuclides is 
possible. 

1. Compliance with 
technological 
requirements in the 
construction and 
operation of nuclear 
power plants 

2. Improving the system 
for ensuring the 
radiation safety of NPP 
personnel and the public 
(including monitoring of 
radiation situation) 

Assessment summary: 

The energy sector of Kazakhstan has a serious impact on the air quality. The main priorities of the 
FEC Concept are to reduce this impact. 

Implementation of plans for nuclear energy development, which is capable of replacing significant 
coal-fired power, may reduce the level of exposure to atmosphere. 

The FEC Concept suggests changing current trend in the energy sector through qualitative changes 
(the structure of energy consumption and corresponding production and transport infrastructure) 
and small quantitative changes (slight increase in energy consumption).  

 

Table 7.3.2: Probable climate change 

No.  Themes/types of 
energy 
considered in 
FEC Concept 

Risk and opportunity assessment Proposed mitigation measures 

1 Electric power +1 

Increasing the share of gas 
generation instead of coal will lead 
to a reduction in greenhouse gas 
emissions.  

 

1. Replacing the main 
equipment with more 
energy efficient 

2. Promoting the use of 
renewable energy sources. 

3. Taking into account risks of 
changing climatic and 



103 
 

 

 

 

 

 

 

 

 

 

  

hydrometeorological 
conditions along with 
traditional financial and 
economic parameters in the 
feasibility study of projects 
and their implementation; 

4. Integration of indicators of 
sustainable development 
into the system of key 
performance indicators at 
the corporate level, 
development of non-
financial reporting, 
improvement of sustainable 
development reporting 
quality, implementation of 
international standards of 
social corporate 
responsibility. 

2 Coal industry +1 

Forecasted reduction in coal 
production (as indicated in FEC 
Concept) will result in: 

- reduction of greenhouse gas 
emissions during overburden 
burning in open cast mining 

- reduction of emissions of coal 
mine methane when mining in 
closed mining. 

Risks: availability of readily 
available and cheap coal will 
contribute to continuation of its 
production at the same level. 
Accordingly, GHG emissions will 
remain at the same level, or will 
grow. 

 

1. The use of coal mine 
methane (production of heat, 
electricity) will reduce the 
amount of GHG emissions. 

2. Implementation of 
projects to reduce/absorb GHG 
emissions. 

3. Increasing the depth of 
coal processing and the use of 
environmentally friendly 
technologies in coal generation. 

4. Improving the efficiency 
of subsoil use: modernization 
and introduction of new 
technologies; 

 

3 Oil and gas -2 

Plans to expand oil production will 
boost greenhouse gas emissions. 

Implementation of projects for 
absorption and disposal of GHG 
emissions. 

Renewable energy use. 
Reducing the number of air 
travel by employees of oil 
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companies. Associated gas 
processing. 

4 Renewable 
energy 

+1/? 

Opportunities: the development of 
renewable energy sources will 
contribute to generation of clean 
energy, which should contribute to 
replacement of traditional sources 
with renewable energy sources 
and, ultimately, reduce GHG 
emissions from combustion of 
hydrocarbon fuels. Regarding the 
actual level of impact reduction 
will be possible after the 
development of a full-fledged 
relevant program. 

Risks: 

- lack of a clear plan for replacing 
traditional sources energy with 
RES  

- currently, the RES is much more 
expensive than traditional energy, 
which does not allow it to compete 
with it 

- if state support for renewable 
energy is suspended (green tariff), 
RES will become unprofitable and 
will be closed 

1. Development of a low-carbon 
development strategy and its 
implementation. 

2. Efficient regulation of the 
procedure for connecting 
renewable energy installations 
to public networks, ensuring that 
the interests of all parties and 
requirements for reliability and 
other necessary parameters of 
power supply are taken into 
account; 

3. Motivation for the use of RES 
by private sector (guarantee of 
connection to networks, 
guarantee of payments for 
electricity supplied to the 
network); 

4. Subsidization of interest rates 
on loans attracted for the 
development of production by 
the organizations producing 
energy based on RES; 

5. Standardization and quality 
control of RES equipment; 

6. Technology transfer and 
localization at local enterprises 
producing components for 
power plants operating on RES; 

7. Intensification of 
international cooperation in the 
field of technology transfer and 
exchange of experience in the 
development of RES. 

8. Active promotion of the RES 
use, including among 
individuals. 

9. Transformation of power 
system: 
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 Integration of changeable 
RES“ painless” for the 
system 

 Increasing the flexibility of 
system through the use of 
appropriate “flexible 
technologies” (generation, 
energy storage, demand 
management) 

 Improving the technology 
of system (e.g. improving 
the quality of forecasting 
production based on RES) 

 

5 Nuclear energy 
(uranium) 

0/? 

Risks: 

- in the case of the construction of 
a nuclear power plant, there will 
be no direct CO2 emissions during 
its operation, however, significant 
greenhouse gas emissions are 
unavoidable at other stages of the 
nuclear fuel chain (mining of 
uranium ore, enrichment of 
uranium, handling of radioactive 
waste and spent nuclear fuel 

- in general, taking into account 
the life cycle of nuclear fuel, 
nuclear power plants will be a 
major emitter of greenhouse gases. 
The kWh of electricity generated 
at nuclear power plant accounts for 
about the same amount of 
greenhouse gases as when power 
plants operate using natural gas 

Introduction of innovative 
technologies based on the use of 
atomic energy. 

Reducing GHG emissions at all 
stages of the nuclear fuel chain. 

 

 

 

 

 

 

 

 

 

 

Assessment summary: 

Energy sector development planning should take into account the potential climate change and its 
possible implications for the energy sector (e.g. changes in energy demand, changes in water 
regimes, etc.) and develop appropriate adaptation actions and measures. 

Implementation of measures included in FEC Concept should lead to reduction in greenhouse gas 
emissions. The annual reduction in the cost of electricity from renewable energy sources and the 
support of this sector by the state should help generate more electricity from renewable energy 
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sources and replace this energy with energy from traditional sources. However, the availability of 
cheap sources of carbon fuels can be a deterrent to green development. The best result can be 
obtained with a balanced use of energy from RES and NPP. 

 

Table 7.3.3: Water resources 

No.  Themes/types of energy 
considered in FEC 
Concept 

Risk and opportunity assessment Proposed mitigation 
measures 

1 Electric power +1 

Transfer of part of power plants 
from solid to gas fuel will reduce 
water consumption for 
technological purposes, including 
water used for ash removal. 

Risks. Emissions of NOx, SOx, 
resulting from the combustion of 
hydrocarbon fuels, can lead to 
acid precipitation, which can 
pollute, including water bodies. 
In aquatic ecosystems, acid 
precipitation causes the death of 
fish and other aquatic inhabitants. 
Acidification of water in rivers 
and lakes seriously affects the 
land animals, as many animals 
and birds are part of the food 
chains, starting in aquatic 
ecosystems. 

1. Transition of coal-
fired power plants 
that do not use 
partial recycled 
water supply to full 
circulating water 
supply. 

2. Installation of filters 
for purification of 
gaseous products 
(NOx, SOx) 

3. Use of alternative 
energy sources 

2 Coal industry -1 

Reducing the coal consumption 
will lead to closure of some of 
the least profitable projects, 
followed by conservation of coal 
mines and mines, which should 
reduce the anthropogenic load on 
the natural environment. 

Risks. The developed space can 
turn into a source of permanent 
pollution of surface and 
groundwater. Continued coal 
mining can lead to changes in the 
water regime of the territories, 
pollution of groundwater and 

1. Liquidation of 
decommissioned 
quarries and mines 
with their further 
reclamation. 

2. Stimulating the 
development of 
deep coal processing 
(semi-coking, 
gasification, 
synthetic liquid 
fuel). 

3. Extraction and 
industrial use of 
methane from coal 
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wastewater, changes in the 
position and movement of the 
groundwater level and 
hydrographic network, 
deterioration of the water quality 
of shallow aquifers, water regime 
of the soil layer; reduction of 
groundwater resources, an 
increase in mechanical soil 
compaction; changes in natural 
hydrological regime of rivers. 

seams, deep 
cleaning of mine 
waters with 
utilization of their 
low-grade heat. 

3 Oil and gas industry -2 

Estimated increase in the level of 
oil production in continental 
projects will increase the impact 
on water sources as a result of 
vegetation removal, drainage and 
accidental spills associated with 
operation of field facilities. 

Active expansion of offshore 
production sites will also create 
risks of contamination with both 
mining products and process 
waste at mining sites. There are 
also risks of contamination 
during technological accidents on 
the oil pipeline system, which 
pumps raw materials to the 
mainland. 

The above forms of exposure are 
both direct and indirect. 

The result may be an additional 
increase in the load on water 
system of the Caspian basin. 

1. Liquidation of 
existing pollution sites in 
active mining sites in 
western and southern 
Kazakhstan. 

2. Development of 
water consumption and 
wastewater standards in 
the oil industry 

3. Elimination of 
wastewater discharge on 
the terrain and water 
bodies. 

4 Renewable energy sources -1 

Construction of new and 
operation of existing 
hydroelectric power plants will 
not lead to chemical pollution of 
water bodies with harmful 
substances. 

At the same time, there is a risk 
of changes in hydrological, 
hydrochemical and 

1. Exclusion of the 
possibility of building a 
hydropower station in 
protected areas. 

2. Modernization of 
existing hydropower 
plants 

3. Consideration of 
natural features and 
biodiversity in the area 
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hydrobiological regimes of rivers, 
which can lead to biological 
pollution of water resources. 

of planned construction 
of RES facilities as areas 
for their location are 
determined. 

5 Nuclear energy and 
uranium mining 

-1 

Intensity and repeated injection 
of solvent in the process of 
underground mining of natural 
uranium increases the risk of its 
bulk spreading with subsequent 
pollution of groundwater. 

Risk of contamination of water 
used to cool the reactor. 

Planned containment of uranium 
mining within the FEC Concept 
will not allow increasing the 
impact on water resources.  

Use of best available 
technologies , 
monitoring the status of 
groundwater and surface 
water. 

Assessment summary: 

 

In most energy industries the geography of objects in general will not expand, and in the coal 
industry will even narrow. The exception is active expansion of oil and gas production and 
nuclear generation. The active expansion of oil production will also affect the increase in the 
impact on water resources, especially significant this impact will be in the field of offshore 
production, where it will be in direct contact with aquatic environment. 

Current trends in the energy sector initially included plans for a long-term trend of oil production 
growth and in this regard, the main trends within the FEC Concept do not significantly affect the 
change in the impact on water resources compared to the current trend (basic scenario). At the 
same time, new plans within the framework of the Fuel and Energy Sector Concept - 
“Construction of NPPs” pose some risks of increasing the potential impact of energy sector on 
water resources.   

 

Table 7.3.4: Land resources 

No.  Themes/types of 
energy considered 
in FEC Concept 

Risk and opportunity assessment Proposed mitigation measures 

1 Electric power -1/+1 

The forecast of transition of power 
plants from solid fuel to gas will 
reduce the amount of ash and slag 
waste, reduce the load on land near 
the ash dumps. In general, 

Reclamation of 
decommissioned ash dumps 
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implementation of FEC Concept 
creates opportunities to reduce the 
load on land resources. 

Potential expansion of old, or the 
construction of new ash dumps 
may be the cause of: 

- land alienation 

- reduce soil fertility and crop 
yields 

- surface deformation, relief 
change. 

2 Coal industry +1 

The impact on land resources is 
currently increasing in conditions 
of sustaining and increasing the 
production of solid and liquid 
energy carriers. Accordingly, 
under the baseline scenario, this 
impact will increase. The 
remaining scenarios suggest a 
decrease in the production of solid, 
but maintaining the growth of 
liquid energy carriers; impact on 
land resources will increase in 
proportion.  

 

  

4. Reclamation of disturbed 
land 

5. Restoration of natural 
composition of the soil. 

6. Promotion of the 
development of deep coal 
processing (semi-coking, 
gasification, synthetic 
liquid fuel). 

7. Extraction and industrial 
use of methane from coal 
seams, deep cleaning of 
mine waters with 
utilization of their low-
grade heat. 

8. Encouragement of 
enterprises use of 
renewable energy sources, 
as well as environmentally 
and energy efficient 
technologies. 

3 Oil and gas 
industry 

-2 

The expansion of oil production 
will increase direct or indirect 
impact on land resources as a 
result of discharges, leaks, 
drainage and accidental spills 
associated with the operation of 
field facilities, as well as drilling 
fluids and oil during the drilling 
period. The risks of land pollution 

1. Reclamation of 
disturbed lands, restoration of 
the natural composition of soils 
in Atyrau, Mangystau, West 
Kazakhstan regions. 

2. Use of best available 
technologies  
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due to technological pollution are 
proportional to the scale of 
production growth. Any measures 
to reduce the load in terms of the 
applied production technologies do 
not have any serious prospects. 

In Kazakhstan among 
environmental stress zones, a 
special attention is required by a 
part of the Caspian area of Atyrau 
region. 

4 Renewable energy 
sources 

0 

FEC Concept involves active 
engagement in the turnover of land 
resources. In particular, the 
flooding of land along the 
perimeter of the river flow within 
the framework of the expansion of 
small hydrogeneration. The 
allocation of significant areas for 
the placement of solar energy 
facilities, in turn, will have the 
character of a local impact and 
insignificant in its level. 

More accurate assessments should 
be made at subsequent stages of 
strategic planning. 

Development of RES 
deployment plan. 

5 Nuclear energy 
and uranium 
mining 

-1/0 

Plans to support the extraction of 
natural uranium using in-situ 
leaching technology will continue 
to impact land resources through 
the chemicals used. At the same 
time, the level of this impact does 
not plan to increase, possibly a 
decrease. 

Risks: subsidence (subsidence) of 
rocks, industrial karst (dips), 
landslide displacements of soils, 
flooding by groundwater of lands, 
compaction of soils and soil 
erosion. 

The main risks of developing 
nuclear energy are associated with 

Use of best available 
technologies . 
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plans to create a process of 
industrial enrichment of uranium.  

 

Assessment summary: 

Implementation of measures included in FEC Concept can lead to both reduction and increase in 
impact. Such multidirectional movement can occur simultaneously, depending on individual 
branches of energy. This circumstance is a logical tendency in the conditions of structural 
changes in the energy sector. At the same time, there is one exception - the sector of oil 
production, whose impact on land resources will only increase in the context of the next 
activation of production in a fairly mature industry. 

Regarding the overall change in environmental load on land resources in the context of 
implementation of FEC Concept measures, it can be noted that, in general, it will be either 
neutral or decrease. This circumstance contributes to a significant reduction in the impact of the 
coal and electricity sectors able to compensate for the growth of the impact, including from the 
oil and gas sector. Taking into account the fact that the active further development of the oil and 
gas sector was also assumed under the baseline scenario, the overall implementation of the FEC 
Concept creates conditions for overall reduction of impact on land resources from the energy 
sector.   

 

Table 7.3.5: Waste 

No.  Themes/types of energy 
considered in FEC 
Concept 

Risk and opportunity assessment Proposed mitigation 
measures 

1 Electric power +1 

Reducing the consumption of 
solid fuels by electric power 
industry will reduce the volumes 
of waste generated associated 
with the use of coal, especially its 
high-ash fractions. 

Reducing the share of coal 
generation from 69% to 45% will 
make a significant downward 
contribution to reducing the 
amount of ash and slag waste. 
Incomplete disposal of this waste 
leads to an increase in the content 
of harmful solid particles in the 
atmosphere, and indirectly affects 
health of population living in the 
waste generation zone. 

1. Timely reclamation 
of ash collectors. 
Transition to best 
available 
technologies . 

2. The use of ash and 
slag waste in 
production of 
building materials. 

3. Harmonization of 
norms of 
Kazakhstan and 
international 
environmental 
legislation. 

4. Promote reduction 
of new and 
utilization of 
accumulated 
industrial wastes 
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and ensuring its safe 
handling. 

5. Compensation for 
environmental 
damage. 

2 Coal industry +1 

Forecasted decline in coal 
production will affect the volume 
of potential overburden and host 
rocks. The requirement to 
increase economic efficiency of 
coal mining in terms of demand 
compression will lead to 
optimization of the volume of 
mining operations and, 
accordingly, to formation of 
process waste. Waste of coal 
industry, also indirectly through 
atmospheric air, affects health of 
population in settlements located 
near coal enterprises. 

1. Reduction of the 
land area for waste 
disposal facilities. 

2. Placement of 
overburden and coal 
preparation rocks in the 
worked-out spaces, 
reducing storage 
volumes on the surface 

3. Creation of 
closed systems of 
circulating water 
management systems for 
the use of quarry water 
for the needs of the 
enterprise 

4. Use of coal waste for 
stowing. 

3 Oil and gas industry -1 

Plans to expand oil production 
can lead to an increase in the 
amount of waste resulting from 
leaks, accidental spills associated 
with the operation of field 
facilities, as well as drilling fluids 
and oil during drilling operations. 
The risks of increased waste are 
proportional to the scale of 
production growth.  

Reducing formation of 
waste oil and increasing 
the volume of their 
disposal: 

1. Introduction of 
complex processing of 
oily sludge. 

2. Introduction of 
technologies for partial 
or complete extraction of 
hydrocarbon fractions 
from oil sludge. 

3. Formation of data 
bank on technical 
condition of enterprises 
and main oil and gas 
pipelines 

4 Renewable energy sources 0 1. Elaboration of RES 
development plan. 
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The process of RES operation, or 
rather solar panels, involves their 
utilization. Given the low 
percentage of recycling in the 
Kazakhstan, disposal of 
decommissioned panels can be a 
problem.   

2. Envisage their 
utilization during 
the design of SPP, 
possibly through 
IOM mechanism. 

 

5 Nuclear energy and 
uranium mining 

-2 

One of the highest risks of 
nuclear energy development is 
associated with the formation of 
radioactive waste, the processing 
of SNF and waste generated 
during the enrichment process.  

1. Compliance with 
technological 
requirements in the 
construction and 
operation of NPP. 

2. Improving the system 
for ensuring the 
radiation safety of NPP 
personnel and the public 
(including monitoring of 
the radiation situation)  

Assessment summary: 

Waste generation is directly related to production activity of the energy sector. The plans of the 
FEC Concept in general reflect the trend towards a decrease in the volume of annually generated 
waste, primarily due to the electric power industry and the coal industry. Renewable energy 
sources at the current stage of development, including the temporary corridor until 2030, are 
neutral with respect to the growth of waste from their production activities. At the same time, if 
we speak not about quantitative, but about qualitative indicators, then the potential negative impact 
from the side of nuclear energy waste, taking into account the degree of their toxicity, outweighs 
the positive trends. The basic scenario does not imply the development of nuclear energy, 
respectively, the plans of the FEC Concept significantly increase the environmental risks of the 
environment, and indirectly affect public health and biodiversity. 

 

 

Таблица 7.3.6: Биоразнообразие 

No.  Themes/types of 
energy considered in 
FEC Concept 

Risk and opportunity assessment Proposed mitigation 
measures 

1 Electric power +1 

There will be a general reduction in 
the impact of electric power sector on 
biodiversity in the area where FEC 
facilities are located. Reducing the 
impact is expected mainly around 
large cities, as well as in the area of 

Iintroduction of higher 
technical and 
environmental 
requirements for power 
facilities in the 
modernization of 
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large stations located outside the 
territory of settlements. Reducing 
emissions to the atmosphere can also 
reduce the adverse effects on tree 
vegetation. 

existing and construction 
of new stations. 

When designing new 
power lines, widely used 
devices for the 
protection of birds from 
electric shock 

2 Coal industry +1 

Reduction in coal consumption will 
affect the reduction of its mining 
programs. Decommissioning of a part 
of coal mining enterprises may lead to 
a reduction in the land they use. 
Gradual restoration of biodiversity is 
possible in the areas where these 
enterprises are located, subject to 
quality reclamation. 

Reduced coal production may also 
lead to a slowdown in land acquisition 
for existing coal-mining enterprises. 

Conducting high-quality 
land reclamation upon 
completion of coal 
mining. Implementation 
of strict state control 
over this process. 

3 Oil and gas industry -1 

The processes of technogenic 
disturbances of vegetation cover in 
places of expansion of oil and gas 
production areas will intensify. The 
ecosystem of the Caspian Sea in areas 
of offshore mining is in a zone of 
heightened environmental risks. Gas 
pipeline infrastructure planned and 
under construction in latitudinal 
directions (west-east) in the regions of 
Central and Western Kazakhstan can 
disrupt the migration routes of wild 
animals (for Betpak-dala and Ustyurt 
saiga populations), lead to 
fragmentation of habitats, 
concentration of animals in a small 
area, contact transmission of a number 
of zoonotic infections individuals in a 
separate group and, ultimately, reduce 
the population size.  

When designing linear 
objects, it is necessary to 
take into account the 
existing migration routes 
of animals (primarily 
ungulates). It is 
necessary to avoid 
crossing the migration 
routes as much as 
possible, and where it is 
impossible to design and 
implement mitigating 
engineering measures, 
such as building 
transitions for animals 
(landscape bridges, 
ecoducts). 

It is needed to research 
migration paths of the 
Ustyurt saiga population 
using satellite radio 
shafts. 

Conducting high-quality 
land reclamation upon 
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completion of oil and 
gas production. 
Implementation of strict 
state control over this 
process. 

4 Renewable energy 
sources 

-1 

Expansion of solar generation requires 
the use of significant land resources 
for their construction, reduction of 
land fertility, attraction of birds and 
insects by thermal and light radiation 
from solar panels with subsequent 
direct impact on them. 

Wind generation can affect migratory 
birds and bats mammals. 

Expansion of generation based on mini 
hydropower plants, without taking into 
account the ecological capacity of the 
region, can have a destructive effect on 
the ecosystems of small rivers and, 
ultimately, lead to a serious 
transformation of the wildlife of the 
regions hosting mini cascades 

Presumably during the construction of 
large dams and creation of reservoirs 
can lead to significant environmental 
changes in river and coastal water 
systems, which can impede the 
migration of fish, feeding and young 
growth. 

 

When designing wind 
installations, it is 
necessary to take into 
account the presence of 
migration routes for 
migratory birds. 

Prevent the construction 
of regulated dams above 
the location of zones 
with valuable floodplain 
ecosystems. 

Restriction of the 
construction of solar 
power plants in the 
territories of the 
ecological network: 
(ecological corridors and 
protected areas). 

5 Nuclear energy and 
uranium mining 

 

-1 

Nuclear power plant operation needs 
plenty of water. Changes in the 
thermal regime of water bodies will 
significantly change the habitat 
conditions of hydrobionts, which will 
lead to an adverse effect on the fish 
fauna. 

Eliminate the design of 
nuclear power plants in 
close proximity to 
significant water bodies, 
which are places for 
feeding and spawning of 
valuable commercial and 
red book species of fish. 

Assessment summary: 

The development plans of the energy sector within the FEC Concept suggest an increase in direct 
impact on biodiversity from the oil and gas sector and renewable energy sources. In addition, the 
risks of impacts associated with the development of a closed nuclear fuel cycle are increasing. In 
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assessing the potential impact on biodiversity from the elements of the energy sector, in the long 
term the oil and gas sector will gradually dominate the electric power complex 

When comparing the plans of FEC Concept with current trend of energy sector development, it 
can be noted that the level of impact in general will slightly increase. 

 

Table 7.3.7: Public health and social factors 

N
o.  

Themes/types of energy 
considered in FEC 
Concept 

Risk and opportunity assessment Proposed mitigation 
measures 

1 Electric power +1 

Taking into account the main direction 
of FEC Concept, in the event of a 
weakening of the impact on the part of 
the electric power sector on the 
atmospheric air, we can expect a 
decrease in the impact on the 
respiratory organs of the population, 
which may have a positive impact on 
the number of respiratory diseases 
recorded. 

 

Mandatory use of flue 
gas cleaning at CHP. 

2 Coal industry 0 

According to FEC Concept, Coal 
sector despite a slight decrease in 
production volumes, will be the main 
supplier of electricity in Kazakhstan. 

In this regard, the impact on the 
incidence of respiratory diseases in the 
population will remain, although it 
may be somewhat weakened over 
time. 

In addition, coal combustion is on the 
3rd place among the sources of 
mercury in the Republic of Kazakhstan 
after the production of primary metals 
and the disposal of solid household 
waste at landfills. Reducing the 
amount of coal burned is guaranteed to 
affect the reduction of mercury 
emissions into the environment and, 
accordingly, the impact on public 
health. 

Use of flue gas cleaning 
at CHP and introduction 
of mechanisms to 
control the use. 



117 
 

Also, with a change in the pace and 
volume of coal mining, we can expect 
a change in the number of registered 
cases of occupational diseases 
(carboconiosis). 

3 Gas industry +2 

Replacing the amount of coal burned 
with natural gas is expected to have a 
positive effect on the ecological 
situation in the country (atmospheric 
air, ash dumps). Thus, the acceleration 
of the pace and increase in the volume 
of gasification of the country can have 
a positive impact on the health of the 
population. In particular, this aspect is 
relevant for big cities. 

 

No measures are needed 
to reduce impact of the 
use of natural gas on 
public health. However, 
measures are needed to 
strictly control the 
technological processes 
of gas extraction in order 
to eliminate the effect of 
gas on the health of the 
population in the areas 
adjacent to the 
development due to 
leaks and emissions. 

4 Renewable energy 
sources 

+1 

The development of renewable energy 
sources (the RES) is one of the priority 
and promising areas for the 
development of FEC Complex. RES 
have several advantages, such as 
reducing the burden on the 
environment (if RES to some extent 
replaces energy derived from fossil 
fuels), the ability to meet energy 
demand in rural (remote) areas, with 
difficult connection to the network 
through the development and 
operation small and decentralized 
power plants. This can increase energy 
security and improve the living 
conditions of local communities. 

At the same time, one of the 
consequences of the installation of 
wind turbines is the effect of increased 
noise on the population living in the 
immediate vicinity; however, this 
aspect requires further detailed study. 

The use of solar panels to generate 
electricity is an example of an eco-

After detailed planning 
at the project level, the 
following mitigation 
measures can be 
considered: 

1) wind turbines should 
not be located closer 
than 0.5-1 km 
(depending on the study 
of noise and other 
impacts) from residential 
buildings and 0.5 km 
from working premises; 

2) best available 
technologies (BAT) 
should be used to 
minimize adverse health 
effects; 

3) the potential effects 
associated with wind 
generators on the 
“shadow flicker” and 
“blade glint”, which may 
distract local population 
(e.g. car drivers) should 
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friendly approach. However, recycling 
solar panels can have a negative 
impact on public health through 
exposure to chemicals. 

If these risks are only local, they can 
be effectively reduced at the level of 
project evaluation. 

be regulated through the 
mirco-siting turbines 
(micro- turbine sitters), 
which manages the 
turbines properly, stops 
the wind turbine 
temporarily (for 
example, during intense 
light periods at sunset), 
and selects an anti-
reflective white coating 
for blades; 

4) wind power noise 
levels should be in 
accordance with the 
relevant noise 
guidelines, including 
those recommended by 
the World Health 
Organization; 

5) in the further planning 
of hydropower 
development, water 
needs of the local 
population should be 
taken into account in 
order to avoid water 
shortages; 

6) potentially dangerous 
objects should be located 
not less than 1 km from 
residential buildings or 
settlements; 

7) efficient safety 
strategies, emergency 
plans and response 
measures should be 
developed in accordance 
with national and 
international legislation 
in case of accidents or 
emergencies. 

5 Nuclear energy 
(uranium) 

-2 

Strengthening the position of nuclear 
energy can potentially lead to an 

In this case, the 
following measures can 
be recommended: 
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increase in the harmful effects of 
radiation on public health (an increase 
in the incidence of malignant 
neoplasms among those living in close 
proximity to power plants), both at the 
stage of power generation and at the 
stage of radioactive waste disposal. 

In addition, any abnormal situation at a 
nuclear power plant can be a source of 
significant harm to the health of the 
population, which will exert its 
influence over many decades. 

1) deployment of nuclear 
power plants in the 
sparsely populated part 
of the country; 

2) decision on the place 
of permanent storage of 
radioactive waste should 
be made before (or 
together with) the 
decision to build a 
nuclear power plant; 

3) screening the health 
of population living in 
areas adjacent to 
uranium mining sites. 

Assessment summary: 

Thus, the Energy Sector of Kazakhstan is able to have both potentially negative impact on public 
health and potentially positive effect on public health and social conditions. 

At the same time, the changes presented above, as well as health of the population as a whole, 
depend on many factors, and not only on impact of the energy sector of Kazakhstan. 

Assessing the impact of FEC Complex on public health, it is also necessary to take into account 
the influence of historical processes (e.g. Semipalatinsk test site, uranium tailings, sources of 
historical mercury pollution, etc.), population migration, personnel and material and technical 
equipment of the health sector of the regions of Kazakhstan implementation of various government 
programs (e.g. disease screening programs), because they can also have an impact on the health of 
the population and it is rather difficult to talk about the isolated effect of FEC facilities on public 
health. 
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8. MONITORING 

Monitoring approach 

Monitoring is crucial to ensure environmentally safe development of the fuel and energy 

complex. The purpose of monitoring scheme described below is to ensure control over environmental 

and health impacts during the implementation of FEC Concept, and, if necessary, to take appropriate 

measures in case of unforeseen adverse effects. 

The Ministry of Energy of Kazakhstan as a government agency is responsible for 

implementation of FEC Concept, as well as for monitoring the impact on environment and health 

during its implementation. 

It should be noted that the FEC Concept is a high-level strategic planning document that outlines 

priorities for the energy sector development in the country; therefore, it can be expected that its 

implementation will be provided through subsequent documents (e.g. programs/action plans for 

specific energy resources, etc.). Thus, it can be assumed that many recommendations formulated in 

the SEA of FEC Concept can only be implemented at the next planning level or at the project stage. 

In addition, it is important to mention that the Environmental Report was based only on a preliminary 

version of FEC Concept, and therefore it could not reflect the final draft document. Taking this into 

account, it is also important, in addition to monitoring the consequences of the implementation of the 

FEC Concept for the environment and public health, whether it will be necessary to track and how 

the recommendations formulated by the SEA in FEC Concept will be implemented. 

Therefore, the overall SEA monitoring framework should include two directions: 

1. Monitoring of SEA recommendations implementation, for example, how these recommendations 

are implemented (i.e., in the final version of FEC Concept, in subsequent plans, etc.), and 

2. Monitoring of environmental and health impacts as a result of the implementation of FEC Concept 

to identify adverse effects and, if necessary, take corrective measures. 

Both areas of monitoring are described below. 

8.1 Monitoring and reporting on SEA recommendations 

It is recommended that regular (annual or biennial) monitoring reports be prepared during the 

implementation of FEC Concept and published. Reports should contain the following information.:  

• Activities carried out within the FEC Concept during the reporting period (this may include 

subsequent planning, decisions on specific projects, etc.); 

• Relevant SEA recommendations, i.e., mitigation and monitoring measures; 
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• How are relevant mitigation and monitoring measures proposed by the SEA implemented in 

FEC Concept; and 

• Additional comments and future actions. 

The above information may be presented in tabular form, as indicated below, which also includes 

several examples of the type of information that should be included in the report. 

Such scheme will serve as an important basis for further clarification of FEC Concept and 

subsequent documents. 

Table: 8.1: Monitoring SEA recommendations. 

Activities 
implemented during 
the reporting period 

Relevant SEA 
recommendations 

How SEA 
recommendations were 
implemented 

Comments/ 
Required next 
steps 

Preparation of a long-
term development 
plan for power 
industry. 

It is recommended to 
include in the program 
the establishment of 
higher technical 
requirements to reduce 
environmental load from 
coal-fired CHP plants 
located in densely 
populated areas. 
 
It is recommended to 
introduce in the program 
the possibility of using 
environmental payments 
by fuel and energy 
companies for the 
intended purpose, in 
particular social events, 
to compensate for health 
costs of the population. 
Recommend to introduce 
relevant changes in tax 
legislation. 

  

Renewable energy 
development plan 

Geography of the 
placement of RES objects 
should not coincide with 
the areas of placement of 
nature protection zones.  

 
 

  

Development of a 
detailed nuclear 
energy program. 

Use of SEA is 
recommended in the 
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detailed design of this 
program. 

 

8.2 Monitoring of environmental and public health effects within the FEC Concept 

implementation 

In order to monitor environmental and health impacts, the SEA proposed a number of indicators 

related to key environmental and health issues considered during the assessment. 

As mentioned above, the FEC Concept is a high-level strategic document. With regard to 

monitoring, it should be emphasized that it is difficult (or even impossible) for general policies and 

strategies at the national or regional level to make a distinction between the consequences of this plan 

(the subject to SEA and, therefore, the subject of monitoring), and consequences of other activities 

occurring in this region. In many cases, the only option is to rely on overall environmental monitoring. 

The approach to monitoring the implementation of the FEC Concept will depend on the method 

of implementing the Concept itself. If the Concept is implemented using a series of detailed plans 

and/or specific projects, the approach may consist in monitoring the data of subsequent plans or 

individual projects and “summarize” the impacts for the purposes of an approximate quantitative 

assessment of the overall effects of Concept implementation. Monitoring should be based on general 

statistics on environmental protection and public health, i.e. monitor changes in environmental 

indicators and health (based on overall national statistics), and evaluate the likely link between 

changes in environmental quality and health status of the population and FEC Concept. 

Table 8.2: Environmental and health indicators 

Environmental and 
health issues Indicators Data source/responsibility 

Air quality, climate 
change 

The volume of annual 
consumption of thermal coal by 
the electric power complex 

Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 

The volume of annual 
consumption of communal coal 
by the domestic sector and 
population 

Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 

The volume of crude oil annual 
refining  

Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 
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Environmental and 
health issues Indicators Data source/responsibility 

The volume of annual 
consumption of oil and oil 
products within the country 

Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 

Emissions of pollutants (NOx, 
SOx, CO, dust) from the FEC 
facilities 

Statistics data, ERSC 
Ministry of Energy of the 
Republic of Kazakhstan 

Climate change GHG emissions from FEC 
facilities included in the 
national GHG quota allocation 
plan 

Ministry of Energy of the 
Republic of Kazakhstan 

Land resources Annual coal output Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 

The volume of annual oil 
production on the mainland 
(impact of technological 
products during production 
process). 

Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 

The level of soil contamination 
in areas where FEC facilities 
are located 

Kazhydromet, Ministry of 
Energy of the Republic of 
Kazakhstan 

Water resources 

(Caspian Sea) 
Annual offshore oil production Statistical reporting, data from 

the Ministry of Energy of the 
Republic of Kazakhstan 

Level of water pollution in 
offshore area 

Kazhydromet, Ministry of 
Energy of the Republic of 
Kazakhstan 

Land, water 

resources 
Amount of formation, disposal 
and recycling of FEC waste 

Statistical reporting, data from 
the Ministry of Energy of the 
Republic of Kazakhstan 

Changes in incidence 

of population in the 

regions of the 

country with high 

level of exposure to 

FEC facilities. 

Emissions of pollutants (NOx, 
SOx, CO, dust) 

Statistics data of the 
Committee for Environmental 
Regulation and Control of the 
Ministry of Energy of the 
Republic of Kazakhstan 
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Environmental and 
health issues Indicators Data source/responsibility 

The state of 

biodiversity in areas 

where FEC facilities 

are located 

Saiga population Committee for Forestry 

and Wildlife reports on 

saiga population counts. 

There is a need for regular monitoring of indicators proposed above (annually or every two 

years), as well as publication of monitoring report.  

9. CONCLUSIONS AND RECOMMENDATIONS  

9.1 SEA main findings  

Possible scenarios for FEC Concept implementation involve significant changes in the structure 

of primary energy production and in production of secondary energy. In general, it is planned to adjust 

energy balance of the country in the context of types of energy resources. Since different energy 

sectors differ in the nature and level of environmental impacts, the planned changes will also lead to 

a change in environmental impacts. 

Within the SEA, environmental impact assessments were carried out related to the development 

of various sectors of FEC Complex.: 

• The greatest positive effect is associated with significant reduction in the role of coal-

based heat and power generation in the country's overall energy balance, as well as a 

decrease in the amount of produced coal. 

• The objects of coal generation are geographically located almost throughout the country. 

Significant area around the source of generation may be affected. Plans to reduce the role 

of coal generation can lead to an overall reduction in impacts and a reduction in the area 

affected by industry impacts. 

• Active development of renewable and alternative energy is also evaluated as a direction 

contributing to a decrease in the level of environmental impact. At the same time, the 

positive effect of the development of renewable energy is manifested only with the 

replacement of renewable energy sources (RES) of coal energy and the reduction of coal 

production. At the same time, the placement of renewable energy facilities may have a 

number of negative impacts to be considered when planning the development of 

renewable and alternative energy. In particular, significant negative impacts on 

biodiversity are possible, including in connection with the development of hydropower. 
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These impacts can occur in the mountainous and foothill regions of East Kazakhstan, in 

Almaty region. 

• The development of nuclear generation and the replacement of coal-fired thermal power 

plants at nuclear power plants, on the one hand, helps to reduce emissions associated 

with the coal industry, but, on the other hand, creates new risks for the environment and 

public health. 

• The development of the oil and gas sector increases the burden on all elements of the 

environment. Potentially, significant negative impacts can occur at all stages of 

production, refining and transportation of oil and gas. The state policy aimed at the active 

development of the oil and gas sector until 2040 implies a potentially possible significant 

increase in the burden on the environment. First, a corresponding increase in the load can 

be observed in Western Kazakhstan, where a large number of oil and gas facilities are 

located. In the most general terms, the environmental and environmental impacts of the 

oil and gas sector were assessed in this SEA. However, in-depth assessments are needed 

at the subsequent stages of strategic planning and the development of individual solutions 

for this sector.   

An assessment of the overall impact of the fuel and energy complex on certain aspects of the 

environment shows that with the existing structure of the fuel and energy complex, the largest load 

falls on the atmosphere. The energy sector is also an important source of greenhouse gas emissions. 

As for water, land resources, the impact on them of the energy sector has a more localized territorial 

nature. 

Evaluation of various scenarios for FEC development (Basic, Gas, Combined, Optimistic) 

showed that:  

• Implementation of all scenarios except for Basic, there will be a general decrease in the 

environmental impact of the energy sector; however, the development of nuclear energy 

can also increase the potential risks of negative environmental impacts associated 

primarily with the processes of mining and enrichment of uranium, processing, storage 

and disposal of radioactive waste, the safety of nuclear facilities. Additional assessments 

are needed, based on the principles of assessing the full product life cycle; 

• Implementation of all scenarios (except for Basic) will lead to reduction in emissions, 

and in the first place, of greenhouse gas emissions. Such a forecast creates conditions 

for improving the quality of the environment and public health. Planned FEC Concept 

activities will contribute to improving the quality of the environment, primarily 

atmosphere, in areas with high population density, which will contribute to the positive 
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impact of the implementation of the FEC Concept on public health. Improving the 

quality of the environment will help to preserve biodiversity. At the same time, risks 

and impacts on biodiversity associated with the construction of pipeline transportation, 

wind generation facilities, and small hydropower plants may increase. Also, specific 

impacts and risks associated with the development of nuclear energy and the oil and gas 

sector may increase. 

The most promising scenarios from the point of view of the environment and public 

health are recognized as the Combined and Optimistic Scenarios, which imply the active 

development of renewable and alternative energy sources, the increasing role of gas in 

the internal consumption of energy resources. Consumption of energy and household 

coal is reduced by the maximum value among all scenarios of FEC Concept. 

Thus, the FEC Concept implementation creates conditions for reducing the environmental 

burden. The exception is the oil and gas sector, which will continue its active influence. In addition, 

there are new risks associated with the development of small hydro generation, nuclear generation 

and the nuclear industry.   

9.2 SEA recommendations 

Recommendations of different levels were developed within the SEA:  

• Initial recommendations (Scoping report recommendations) 

• For the working group of the Ministry of Energy (July, 2018); 

• Recommendations for further strategic planning; 

• Recommendations for project implementation and mitigation measures. 

At the final stage, recommendations (except for the initial ones, formed on the basis of Scoping report) 

were consolidated and supplemented, based on all results of the SEA and consultations with 

stakeholders..  

Initial guidelines developed within scoping 

This stage included:  

• Key issues to be reflected in the SEA, including: 

o studies to be conducted: 

o aspects to be assessed; 

o stakeholders to be consulted with. 

• Preliminary recommendations: 

o Political planning advice; 

o Technical and management advice.  
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More information can be found in the Scoping report 1. 

The recommendations were discussed in consultations on scoping (March, 2018) with authorities and 

the public concerned. 

 

Recommendations for the working group of the Ministry of Energy 

1. Develop a goal setting unit (goals and objectives of the FEC Concept), as well as indicators and 

procedures to track the effectiveness of the FEC Concept implementation (including activities 

and subsequent documents developed to develop the FEC Concept) and timely adjustments. 

2. Planning for changes in FEC Concept should be based on the balance of production and 

consumption of primary and secondary energy, setting the framework for the formation of 

program documents in all sectors of the fuel and energy complex. 

3. Envisage the following proposal in measures when using gas and coal in a combined mode by 

electric power industry and municipal facilities for heat and power generation located in large 

settlements - an increase in the use of gas in winter rather than coal. As a measure to curb the 

growth of tariffs in a given period (higher cost of gas compared to coal), the tariff as a whole can 

be evenly distributed throughout the calendar year. 

4. Stimulate population that does not have access to central heating or central gas supply in large 

settlements, to use electricity for heating purposes instead of using coal. It is required to restore a 

flexible approach to intra-day tariff setting for electricity at a more objective level both for the 

population and for electricity producers. The refusal from night tariff has led to an increase in the 

consumption of coal by the population for heating and an increase in the burden on the 

environment, especially in large cities. 

5. The FEC Concept plans for development of renewable energy sources are focused on the overall 

growth of electricity generation in the country. Given that the overwhelming supply of electricity 

to consumers occurs centrally through a remote electrical infrastructure, it is necessary to consider 

the use of renewable sources for local consumption. 

6. In order to improve the quality of strategic planning, it is necessary to prepare a separate program 

document regulating the development of alternative and renewable energy. The latter will make 

it possible to evaluate the content of the document, taking into account the calculated actions, in 

terms of the realism and objectivity of its provisions. 

7. The current policy regarding environmental payments related to environmental impact for energy 

entities has a pronounced fiscal nature. The principle of national budgeting does not create 

conditions not only for directing these fees to address issues of compensation for environmental 

                                                 
1 http://energo.gov.kz/index.php?id=19167 
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damage, but, more importantly, it does not motivate the enterprises of the energy sector to limit 

it. It is necessary to initiate legislative measures to smooth out the contradictions between the 

current fiscal policy and the fundamental principles within the strategy for transition to green 

economy. 

8. In the process of FEC Concept preparation, it is necessary to allocate, to the extent possible, taking 

into account the existing methodological limitations on the formation of concepts and doctrines, 

separate “lists” of measures within each scenario in order to assess whether the objectives 

correspond to the scenarios. 

9. When forming the FEC Concept take into account risks and opportunities that can affect the 

change in the level of generation and consumption of electric and thermal energy in the long term, 

associated with climate change. In particular, the risks of climate change when planning the 

development of renewable energy, the growth of generation in hydropower. 

10. The FEC Concept should, among its priorities, also consider the issue of energy efficiency and 

develop appropriate measures, including providing for investments in the development of new 

technologies in the country. 

These recommendations were discussed in detail with the working group of the Ministry at the 

meeting and in working order. By the time of completion of the SEA, part of the recommendations 

was taken into account and implemented in the current version of the draft FEC Concept. Another 

part of the recommendations can still be taken into account before the completion of the FEC Concept 

design. 
 

Recommendations for further strategic planning 

This part of the recommendations is aimed at the further process of strategic planning and 

implementation of the updated FEC Concept and SEA recommendations. The preparation of 

individual programmes will contribute to better consideration of opportunities towards achieving the 

goals laid down in the FEC Concept. The latter will allow the Working group, when implementing 

the FEC concept, to choose optimal solutions for desired result against minimal resource involved. 

The study of the programmes under the SEA of the FEC Concept or under separate SEA of the 

program will ensure the search for additional sources of environmental impact reduction within the 

FEC Concept scenarios. It will be done in the form of recommendations for further integration into 

the FEC Concept. 

The implementation of the recommendations of this section is monitored (see Section 7 of the 

Environmental Report developed under the SEA procedure. The recommendations are mainly as 

follows: 
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• Prepare a joint program for the development of coal-fired heat and power generation 

and its associated coal industry. Conduct additional environmental assessment (option: 

if necessary, conduct a full-scale SEA). 

Document is necessary to predict the future balance of generation, its territorial 

coverage and, accordingly, changes in the potential impact. 

• Prepare a Program for the Development of Renewable Energy Sources and conduct 

SEA of this Program. This program must be formed taking into account the existing 

possibilities and environmental limitations typical for each type of RES. 

Plans for a significant expansion of this segment of the energy sector require an 

understanding of which areas will be the integration of the sector into the general 

electric power complex of the country, which elements will receive priority, and which 

geography of energy facilities will be formed as a result. 

• Prepare a Program for the development of the oil and gas complex and carry out 

updated SEA, with the integration of the results of SEA into this Program. 

• Conduct Regional environmental assessment aimed at assessing the opportunities and 

constraints associated with the development of the oil and gas sector in Western 

Kazakhstan. 

The goal is to prevent and/or reduce environmental impacts associated with the active 

development of the oil and gas complex; develop the necessary measures and 

introduce them into the development of the industry. 

 

Recommendations for design and mitigation measures 

This section includes private recommendations for lower planning levels, including for the project 

level, and recommended mitigation measures. At this level of planning (the FEC Concept) 

recommendations of this section are not provided with monitoring indicators. This will need to be 

done when generating lower level planning documents. 

Recommendations: 

• phased increase of technical requirements for facilities generating electricity and heat in 

relation to emissions of harmful substances in the zone of a dense population settlement 

system may be included in the measure - the Program for the Development of Coal Generation 

and Coal Industry, 

• introduction of environmental quality standards for retail and wholesale distributors of 

municipal coal for implementation on the territory of large settlements, 

• stimulate growth of processing of associated petroleum gas to reduce its combustion, 
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• reclamation of disturbed lands, restoration of the natural composition of soils under the 

influence of the oil and gas and coal sectors, as well as reclamation of coal stations that have 

been decommissioned from the ash dumps of combustion products, 

• develop procedure for utilization of solar generation decommissioned equipment (solar 

panels), this measure may also be included in the event - the Program for the Development of 

Renewable Energy Sources, 

• approve preliminary procedure for admission of applications to the auction for acquisition of 

renewable energy sources with the condition of coordination of the location of facilities with 

environmental authorities, 

• prepare schedule for transfer of thermal stations to a full circulating water supply, 

• during construction of energy infrastructure (gas pipelines, wind generators), take into 

account the direction of animals migration or create conditions for their intersection, 

• preliminary decision on NPP construction shall be coordinated with environmental 

authorities. Site selection for placement and coordination with environmental authorities 

should be carried out at the stage of Preliminary EIA. 
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