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Risk assessment methodology and general provisions 

Atmospheric air pollution is the most important environmental problem of Almaty. 

One of the sources of atmospheric pollution in the city is emissions from CHP-2 

(both in terms of exposure level and territorial coverage).  

With a chimney height of 129 m, the impact zone of CHPP-2 emissions is about 

15-17 km with varying intensity for different substances. The impact of CHPP-2 

on other components of the environment - water resources and soil and vegetation 

cover is localized within the industrial site and ash dump, and their sanitary 

protection zones. 

Atmospheric air pollution is characterized by the level of total emissions in the 

region and the concentration of pollutants in the atmospheric air compared to the 

sanitary and hygienic standards of atmospheric air quality established by the 

Ministry of Health of the Republic of Kazakhstan. This information is presented in 

detail in Section 2. 

This section presents a preliminary assessment of the risk to the health of the city 

population from the impact of emissions from CHPP-2 at the existing level and 

according to the modernization options. The main purpose of the assessment is to 

compare modernization options by the level of risk of impact on public health. 

The risk assessment study was carried out in accordance with the recommendations 

of the Ministry of Health, Ministry of National Economy [36-38], developed with 

the adopted "Risk Assessment" methodology, which is reflected in international 

publications, methodological guidelines.  

According to the above documents, the risk to public health (Risk) is the 

probability of the development of adverse health effects in individuals or groups of 

people exposed to a certain harmful factor.  

Sources of human health effects, according to [36], are objects whose levels of 

generated pollution exceeds the coefficient of hazard HQ≤1 and individual 

carcinogenic risk CR = 10-4-10-6 (in range). 

In accordance with the adopted methodology the following stages are performed:  

-hazard identification;  

-assessment of the dose-effect relationship; 

-exposure assessment; 

-risk characterization. 

 

Hazard Identification 

The main task of the hazard identification stage was to select priority, indicator 

chemical substances whose presence in the atmospheric air can create a risk to 

public health. 

Basic blocks of hazard identification  

Emissions source Identification of harmful substances into the environment.  

Emissions of pollutants only from the chimneys of CHPP-2, as the main sources of 

emissions into the atmosphere of the city - 99.5% of all emissions of CHPP-2, the 

influence of which has more spatial boundaries, were considered. 



Institute "KazNIPIEnergoprom" JSC 
 

1379.OM.1672 Feasibility Study "Modernization of Almaty CHPP-2 with minimization of environmental impact required 
for the Department of CHPP-2 of "AlES" JSC. 

Volume 1, Book 4 

 

The sources of information were: 

- For emissions from the existing CHPP-2 - data from the current Draft Maximum 

Allowable Emissions Standards; 

- for CHPP-2 emissions under the modernization options - in accordance with the 

decisions of the present Feasibility Study. 

Determination of pollutant emissions. Volumes and parameters of emissions of the 

existing CHPP-2 are taken according to the Draft maximum permissible emissions 

standards. 

As for the variants of CHPP-2 modernization - by calculation, on the basis of the 

TPP of equipment suppliers in accordance with the production program of heat and 

electricity generation of each of the considered options.  

Making a list of priority (the most dangerous) pollutants. 

The list of priority substances includes marker substances for fuel combustion 

plants: SO2, NOX, CO, particulate matter (dust), in small amounts during the year 

when using fuel oil in coal-fired variants fuel oil ash and Benz (a)pyrene are 

emitted. 

  At the first stage the list of all chemical substances in the chimney 

emissions, according to the draft standards of MPEI: six substances in total are 

presented in Table 6.4.1 (No. N p/n 1-6). 

Further the list is extended by fine suspended substances and heavy metals 

contained in fly ash from Ekibastuz coal. Such substances as Hg, HCL, HF 

according to the data of fuel supplier Bogatyr Komir LLP are absent in ash from 

Ekibastuz coal.  

The amount of fine particulate matter PM2.5 and PM10 in total suspended solids 

(in the absence of survey data for a particular CHPP) is allocated according to the 

recommendations of the Committee of the GSEH RK (Annex 8) as follows: 30% 

of total suspended solids are PM10 and 20% are PM-2.5. 

The list includes those heavy metals that are observed in the background pollution 

of the air basin of the city and are simultaneously present in ash from Ekibastuz 

coal: cadmium, lead, arsenic, chromium, nickel. 

It should be noted that ash from Ekibastuz coals contains mainly oxides of silicon, 

aluminum, iron, titanium, calcium, magnesium, in small amounts there are specific 

ingredients: lead, copper, cobalt, gallium, zinc, nickel, chromium, arsenic, 

vanadium, etc. 

During fuel combustion the metals become volatile in metallic form, most of these 

metals are condensed at temperatures up to 300°C and adsorbed on dust particles 

(ash dust).  
 

 

When burning coal, most of the ash (95%), after passing the ash collector, is 

discharged with the flue gases into the atmosphere - fly ash, the rest (5%), is 

removed with the bottom ash. An emission of solid metal particles in the cleaned 
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flue gas is extremely low.  Metal content in the flue gases according to studies of 

the laboratory of the Institute "Kazmekhanobr" and reference books is 0÷5 

μg/Nm3, with effective ash collection the metal content in the emissions is usually 

lower or about 1 μg/Nm3. In the scope of this work in risk assessment the 

maximum content is accepted - 5 μg/Nm3. 

Full list of considered chemical pollutants in emissions from chimneys of TPP-2 

includes 13 pollutants, presented in table 2.2.20.  

 

Table: 2.2.20 

       

 List of chemical pollutants in emissions from CHPP-2 chimneys 
 

# code Substance description  CAS 
Emissions 

t/year  
Information source 

      

1 301 Nitrogen dioxide 
10102-44-

0 
9134,4280 

Draft MAE 

for 2017-2024 

Table 3.9 

2 337 Carbon monoxide 630-08-0 1752,7360 

3 330 Sulfur dioxide 7446-09-5 23238,8150 

4 2902 
Suspended solids 

(TSP) 
 8816.4242 

5 2904 
Vanadium in terms of fuel oil 

ash 
7440-62-2 0,2482 

6 703 ben a pirenne 50-32-8 0,00418 

      

7 10 
Suspended solids  

 (РМ2,5) 
 1755,9110 

Calculation 

according to app. 8 

8 8 
Suspended solids  

 (РМ10) 
 2633,8670 

Calculation 

according to app. 8 

9 133 Cadmium  7440-43-9 0,109744 

 

Estimation 

10 184 Lead  7439-92-1 0,109744 

11 325 Arsenic  7440-38-2 0,109744 

12 203 Chrome  7440-47-3 0,109744 

13 163 Nickel  7440-02-0 0,109744 

 

The main sources of toxicological information:  
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- National hygienic standards. 

- Methodological recommendations of the Ministry of Health of the Republic of 

Kazakhstan. 

- Reference books on the toxic properties of chemicals, etc. 

 

At the 2nd stage, a list of priority pollutants was determined based on two criteria: 

1) The sum of comparative hazard indices of substances is not less than 90%; 

2) The average daily concentrations of pollutants in the atmospheric air for the year 

exceed the average daily maximum permissible concentrations, determined by 

calculations based on the results of dispersion modeling. 

The final formed list of priority pollutants is presented in Table 2.2.21, includes all 

considered pollutants, which are included in the list based on the above criteria. 

 

Priority list of chemicals included in the subsequent risk assessment 

Table: 2.2.21 

# Substance CAS 
Reason for 

listing 

Reason for 

excluding  

Included in 

the risk 

assessment 

(+/-) 

Range  

       

1 Nitrogen dioxide  10102-44-0 2 - + non-cancerogen 

2 Carbon monoxide 630-08-0 1 - + non-cancerogen 

3 Sulfur dioxide 7446-09-5 2 - + non-cancerogen 

4 Suspended solids (TSP)  2 - + 
non-cancerogen 

5 
Fuel oil ash in vanadium 

conversion 
7440-62-2 1 - + 

non-cancerogen 

6 Benz(a)pyrene 50-32-8 1 - + Cancerogen  

    -   

7 Suspended solids  (РМ2,5)  1 - + non-cancerogen 

8 Suspended solids  (РМ10)  1 - + non-cancerogen 

9 Arsenic 7440-38-2 1,2 - + cancerogen 
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10 Cadmium 7440-43-9 1,2 - + cancerogen 

11 Chromium 7440-47-3 1 - + cancerogen 

12 Nickel 7440-02-0 1,2 - + cancerogen 

13 Lead 7439-92-1 1,2 - + cancerogen 

 - Note: 

 Criteria for inclusion in the list of priority pollutants: 

1 - the sum of comparative hazard indices (HRi) of substances is at least 90%. 

2 - the concentration of substances according to the calculation data exceeds MPC s.c. 

Dose-effect assessment 

The international practice of risk assessment methodology shows that the 

minimum necessary procedures at the stage of the dose-effect relationship 

assessment are the determination of carcinogenic risk and the non-carcinogenic 

index (fraction of reference concentration or dose). 

At this stage of risk assessment a joint analysis of qualitative data on hazard 

indicators of priority chemical compounds, obtained in the process of hazard 

identification, and information on quantitative parameters of dose-response 

relationships was carried out. 

Tables 2.2.22 - 2.2.24 present the final material on the "dose-response" assessment 

stage, concerning the priority pollutants of atmospheric air contained in СHPP-2 

emissions.   

Table: 2.2.22  

 

 

 

Reference concentrations for short-term inhalation effects 

Substance  CAS АRfC, mg/м3         Critical organs  

Nitrogen dioxide 10102-44-0 0,47 respiratory organs 

Sulfur dioxide  7446-09-5 0,66 respiratory organs 

Suspended solids (TSP)   0,3 respiratory organs. 

Suspended solids  (РМ2,5)   0,065 respiratory organs. 

Suspended solids  (РМ10)   0,15 respiratory organs. 

Arsenic   7440-38-2 0,0004 reproductive development 
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Nickel  7440-02-0 0,003 Immunity, respiratory organs  

 

Table: 2.2.23 

                    Reference concentrations for chronic inhalation effects 

Substance CAS 
RfC, 

мг/м3 
                    Critical organs 

    

Nitrogen dioxide 10102-44-0 0,04 respiratory organs, blood (formation of MetHb) 

Carbon dioxide  630-08-0 3 Blood, cardiovascular system, development, CNS 

Sulfur dioxide  7446-09-5 0,05 Respiratory organs, deaths 

Suspended solids  (TSP)   0,075 Respiratory organs, deaths 

Fuel oil ash in vanadium 

conversion 
7440-62-2 0,00007 

Respiratory organs, deaths 

Benz(a)pyrene 50-32-8 0,000001 cancer, risk 1E-5, 1 ng/m3 immune, development 

    

Suspended solids  (РМ2,5)   0,015 Respiratory organs, deaths 

Suspended solids  (РМ10)   0,05 
respiratory organs, death, cardiovascular system, 

development 

Arsenic 
7440-38-2 0,00003 

Development (teratogenic), nervous system, 

cardiovascular system, respiratory organs, cancer 

Cadmium 7440-43-9 0,00002 kidneys, respiratory organs, hormone., cancer 

Chromium 
7440-47-3 0,0001 

respiratory organs, liver, kidneys, immune 

system, gastrointestinal tract 

Nickel 
7440-02-0 0,00005 

respiratory organs, blood, immune system, 

cancer, central nervous system 

Lead 
7439-92-1 0,0005 

CNS, blood, development, reprod. system, 

hormone., kidneys 

 

 

 

Table: 2.2.24 

Carcinogenic potential factors 

Substance CAS Sfo Sfi Group of 

carcinogens 

according to 

EPA 

Group of 

carcinogens 

according to 

IARC 
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Substance CAS Sfo Sfi Group of 

carcinogens 

according to 

EPA 

Group of 

carcinogens 

according to 

IARC 

Arsenic 7440-38-2 1,5 15 А 1 

Cadmium 7440-43-9 0,38 6,3 В1 1 

Chromium 7440-47-3    2 А 3 

Nickel 7440-02-0   0,84 А 2В 

Lead 7439-92-1 0,047 0,042 В2 2А 

Benz(a)pyrene  50-32-8 7,3 3,9 В2 2А 

 

Calculation of the exposure of the population with chemicals  

According to the risk assessment methodology, exposure (exposure) is the contact 

of an organism (receptor) with chemical, physical or biological agents. The 

exposure value is defined as the measured or calculated amount of an agent in a 

particular environmental object that is in contact with the so-called human 

boundary media (lungs, digestive tract, skin) for any precisely set time. 

The following stages of exposure have been completed: 

• Determination of exposure routes; 

• Identification of the environment that carries the pollutant; 

• Determination of the pollutant; 

• Determination of the time, frequency and duration of exposure; 

• Identification of the affected population. 

Exposure “Pathway”- the path of a chemical substance from the source of 

formation and entry into the environment to the exposed organism. It includes the 

source of environmental pollution, primary polluted media, transporting media, 

directly affecting the body of the environment and all possible ways of entering the 

chemical into the body.  

The route of exposure for chemicals entering the environment of the city with the 

emissions of CHP-2 can be defined as follows: 

- The source of environmental pollution is the chimneys of CHP-2; 

- The primary polluted environment is atmospheric air;  

- Transporting medium - atmospheric air;  
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- The environment directly affecting the body is atmospheric air;  

- The way of admission is inhalation; 

- Pollutants - a list of priority pollutants determined at the stage of hazard 

identification. 

Figure 6.4.1 shows the route of possible exposure to harmful substances contained 

in the emissions of CHP-2. It has been established that the main route of entry of 

harmful substances is inhalation; the influencing medium is atmospheric air. The 

oral route of entry through the soil is not considered in the scope of this 

assessment.  

As a population exposed to harmful substances, the population of the city in the 

zone of emissions impact of CHPP-2 is considered. 

 

  

 

 

 
- Polutant emissions 

  in atmosphere    

-Inhalation  

-deposition on the soil 

-orally   

 

 

 

 

 

 

 

 

 

 

Picture:  2.26 General scheme of exposure routes to the health of the 

population with harmful substances contained in the emissions of CHP-2 
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Table 2.2.2.5 shows the main elements of the analysis of the exposure of 

pollutants entering the city environment from CHPP-2.  

Table:2.2.25  

Element  Characteristics  

Реагенты  Chemical  

Source  Anthropogenic, Spot,  

stationary, outdoor 

Transportation/accumulation Air  

Exposure route      Air inhalation  

The effective concentration mg/m3 

Entry ways  Inhalation  

Period of exposure  30 years   

Exposure frequency  Constant – 350 days a year  

The exposed population city residents within the zone of impact  

Geographic coverage  Territory of the city within the influence zone of CHPP-2 emissions 

Evaluation period  The CHPP-2 current condition and  modernization options forecast   

 

When performing the stage of exposure assessment, the method of modeling the 

distribution of pollutants in the atmosphere by the program "Ecolog" (version 4.6) 

with the calculation of maximum one-time and average annual concentrations of 

pollutants created by emissions of pollutants from the chimney of CHPP-2 was 

used. 

 

Assessment of the risk to public health from pollutant emissions from CHPP-2. 

Current state, modernization options 

 

Risk assessment has been carried out for the current state of CHPP-2 as well as for 

gas and coal modernization options. 

The level of risk of non-carcinogenic short-term (acute) and chronic impact of 

emissions of priority pollutants, carcinogenic risk, and the total risk created by the 

pollutants considered have been determined: HI= ƩHQi. To identify the share of 

participation of CHP-2, risk assessment was performed without and taking into 

account background pollution of atmospheric air. 
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In assessing the risk of acute exposure used the value of the maximum background 

pollution provided by RGP "KazHydromet" (Annex 6): in assessing the chronic 

risk - the annual average of the background according to the newsletter RGP 

"KazHydromet. 

For fine suspended solids data on the maximum background pollution RGP 

"KazHydromet" is not presented, since regular observations are not conducted 

(Annex 8). Therefore in the risk assessment of acute exposure included suspended 

solids (TSP) as a whole without separation by fraction, the more so that the main 

danger of fine particulate matter, according to medics, is not in sharp jumps in 

concentration, but in the chronic effects of these particles on the body. 

Risk assessment was done using "Risks" software product based on CADE 

"Ecolog" (ver.4.6) by "Integral", St. Petersburg.  

 Classification of risk levels by modernization options was performed 

according to the Methodical Recommendations [36-38].   

Classification of risk levels 

 

Risk level 

Individual lifetime carcinogenic risk 

(CR)  

Non-carcinogenic effect hazard ratio 

(NQ) 

Extremely high  10-1  

>5 High  10-1-10-3 

Moderate  10-3-10-4 1-5 

Low  10-4-10-6 0,1-1,0 

Minimal                           less 10-6 less 0, 1 

The results of risk assessment for the existing situation and by modernization 

options are presented in the tables: 

- Table 2.2.21- Non-carcinogenic risk of acute exposure (Proportion of reference 

concentration at acute exposure). 

- Table 2.2.21 and Figure 6.2 - Non-carcinogenic risk of chronic exposure. 

(Fraction of reference concentration for chronic exposure). 

 - Table 2.2.21. Carcinogenic Risk 
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Risk of acute exposure Non-carcinogenic 

                                                         (Fraction of reference concentration at acute exposure)                                          Table: 2.2.27 

Code  Substance description  

Current situation  
Option 1-4  

Gas  

Option 2-3  

Coal  

Background  

CHPP-2  

No 

background  

Including 

Background  

CHPP-2  

No 

background  

Including 

Background  

CHPP-2  

No 

background  

301 Nitrogen dioxide  0,55 0,23 0,45 0,03 0,45 0,07 

330 Sulfur dioxide  0,41 0,40 - - 0,05 0,05 

2902 Suspended solids  (TSP) 1,74 0,67 - - 1,74 - 

Risk level  2,70 1,30 0,45 0,03 2,24 0,12 

Risk description  
 

Average 

 

Close to low Low Minimal 

 

Average 

 

Low close to 

minimal 
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Non-carcinogenic risk of chronic exposure 

                                                            (Fraction of chronic exposure reference concentration)                                                   Table: 2.2.28   

Code Substance description 

Current situation  
Option 1-4  

Gas  

Option 2-3  

Coal  

Including 

Backgroun

d 

CHPP-2  

No 

backgroun

d  

Substance 

contribution 

  

Including 

Background  

CHPP-2  

No 

backgroun

d  

Including 

Backgroun

d 

CHPP-2  

No 

backgroun

d  

 Substance 

contribution 

  

 
8 Suspended solids   РМ-10 0,74 2,36E-03 5% - - 0,74 1,36E-04 1% 

10 Susspended  solids  РМ-2,5 1,2 5,25E-03 12% - - 1,2 3,02E-04 3% 

133 Cadmium oxide (in cadmium equivalent) 50 2,46E-04 1% - - 50 1,53E-05 0% 

163 Nickel and it is compounds  40 9,85E-05 0% - - 40 2,70E-06 0% 

184 
Lead and its inorganic compounds (in 

terms of lead)  
50 9,85E-06 0% - - 50 6,13E-07 

0% 

203 
Chromium (in terms of chromium (VI) 

oxide) 
70 4,92E-05 0% - - 70 1,35E-06 

0% 

301 Nitrogen dioxide  1,63 1,00E-02 23% 1,62 4,25E-03 1,62 5,69E-03 48% 

325 
Arsenic, inorganic compounds (in terms 

of arsenic)  
33,33 1,64E-04 0% - - 33,33 1,02E-05 

0% 

330 Sulfur dioxide  1,54 2,00E-02 46% - - 1,54 4,86E-03 41% 

337 Carbon dioxide  0,25 2,62E-05 0% 0,250 3,91E-05 0,25 4,66E-05 0% 

703 Benz/a/pyrene  1,88E-04 1,88E-04 0% - - 2,34E-04 2,34E-04 2% 

2902 Suspended solids  2,15 5,25E-03 12% - - 2,15 3,02E-04 3% 
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2904 
Fuel oil ash from thermal power plants  

(in terms of vanadium) 
1,59E-04 1,59E-04 0% - - 1,98E-04 1,98E-04 

2% 

Risk  level  >>5 4,38E-02   1,87 4,29E-03 >>5 1,18E-02   

Risk description  High  Minimal    Average  Minimal  High  Minimal    

CHPP-2 contribution    0,02%   0,23%  0,005%  

 

 

Picture: 2.27. Risk of non-carcinogenic chronic exposure 

Existing situation, taking into account the CHPP- 2 

Heavy metals Other substances from the list 
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The risk generated by the background is high, 

the risk produced by the emissions of CHPP-2 is minimal 

The risk created by the background - the average 

risk  produced by the emissions of CHPP-2 -minimal 

 

 

 

 

Table:2.2.29 

 

 

Carcinogenic risk  

Code  Substance description 

Current situation with 

background   

  Current CHPP-2   

No background   
Option2; coal , no background  

Risk level  Risk classification   Risk level  Risk classification   Risk level  Risk classification   

133 Cadmium oxide (in cadmium equivalent) 1,80E-03 Average  8,86E-09 Minimal  5,51E-10 Minimal  

163 Nickel and it is compounds 4,80E-04 Average 1,18E-09 Minimal  3,24E-11 Minimal  

184 
Lead and its inorganic compounds (in terms of 

lead) 3,00E-04 
Average 

5,91E-11 Minimal  3,68E-12 Minimal  
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203 Chromium (in terms of chromium (VI) oxide) 8,00E-02 High  5,91E-08 Minimal  1,62E-09 Minimal  

325 
Arsenic, inorganic compounds (in terms of 

arsenic) 
4,29E-03 

Average 
2,11E-08 Minimal  1,31E-09 Minimal  

703 Benz/a/pyrene  2,09E-10 Minimal  2,09E-10 Minimal  2,61E-10 Minimal  
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Conclusion on risk assessment 

 

The conducted assessment of the risk to the health of the population of CHP-2 

emissions showed: 

 

Risk of non-carcinogenic acute exposure to CHPP-2 emissions 

- At the existing level, taking into account background pollution, it is formed by 

three pollutants: suspended solids (TSP), nitrogen dioxide, sulfur dioxide. It is 

characterized as "average", and more than 50% is formed by background pollution 

of the atmosphere of the city. At the same time, the risk generated by the actual 

emissions of CHP-2 at the existing level is also characterized as medium (HQ = 

1.3), closer to the low threshold (HQ =1), and is 65% determined by emissions of 

suspended particles (TSP), 

- during the modernization of CHPP-2 according to the coal option, the total risk 

remains in the "medium" category, since it is determined by the background 

pollution of the city, while the share of the contribution of CHP-2 emissions to the 

formation of risk is reduced, and the risk created by the actual emissions of CHP-2 

is characterized as "low", closer to the minimum; 

- during the modernization of CHPP-2 according to the gas option, the total risk is 

reduced from medium to low, the risk created by the actual emissions of CHP-2 on 

gas is minimal. 

Thus, the risk of non-carcinogenic acute exposure is formed mainly by high 

background pollution of the city. Even by reducing the emissions of suspended 

particles from CHP-2 to the level of European standards, while spending 

significant funds on the modernization of CHPP-2, the desired result will not be 

achieved - the total risk, taking into account background pollution, will remain in 

the "medium" category, which indicates the need for comprehensive health 

measures in the whole city. 

At the same time, it will be sufficient for CHPP-2 to reduce the specific emissions 

of suspended particles at least minimally by half to the existing level (400 

mg/nm3), and thereby ensure a minimum level of risk of non-carcinogenic acute 

effects of its emissions on the health of the population. 
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Risk of non-carcinogenic chronic exposure to CHPP-2 emissions 

- at the current level, taking into account background pollution, it is characterized 

as high: it is formed by a high content of heavy metals in the atmosphere of the 

city. At the same time, the risk of non-carcinogenic chronic exposure created by 

the actual emissions of CHP-2 is characterized as minimal (HQ ≤,0,1) and the 

share of the contribution of its emissions to the formation of the total risk does not 

exceed 1%. The risk created by the emissions of CHP-2 is formed mainly by the 

emissions of three pollutants by priority: sulfur dioxide (46%), suspended solids 

(29%), nitrogen dioxide (23%). The effect of emissions of heavy metals in the 

composition of fly ash is extremely insignificant. 

- during the modernization of CHP-2 according to the coal option, the total risk of 

chronic exposure remains in the "high" category, since it is determined by the 

background pollution of the city, while the share of the contribution of CHP-2 

emissions to the formation of risk is reduced, and the risk created by the actual 

emissions of CHP-2 is characterized as minimal as at the existing level (HQ ≤,0,1) 

- during the modernization of CHP-2 according to the gas option, the total risk is 

reduced from high to medium, due to the exclusion of emissions of suspended 

particles, the risk created by the actual emissions of CHP-2 on gas is minimal. 

Thus, the risk of non-carcinogenic chronic exposure is formed mainly by high 

background pollution of the city and, above all, the content of heavy metals. The 

insignificant content of heavy metals in the fly ash of CHP-2 does not affect the 

formation of the risk of non-carcinogenic chronic exposure. The risk of non-

carcinogenic chronic exposure created by the actual emissions of CHP-2 is 

minimal both at the existing level and according to modernization options, 

regardless of the type of fuel. 

Figures 6.2 show maps of the zoning of the city territory according to the level of 

risk of non-carcinogenic chronic exposure to emissions from the existing CHP-2 

(without background), coal and gas modernization options. 

The maps show that there is a risk of exposure to emissions throughout the city 

CHP-2 is reduced to the existing level, gas options for this indicator have a slight 

advantage due to the lower intensity of the impact and the reduction of the spatial 

scale of the impact. 

Non-carcinogenic risk is formed by heavy metals and is determined by their high 

content in the background of the city, characterized in all metals as average, in 

chrome – as high. At the same time, the risk produced by the emissions of CHPP-2 

is minimal. 
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Table 2.2.21 presents a comparative assessment of the impact of CHP-2 on the 

formation of a risk to the health of the city's population by modernization options. 

Table:2.2.30  

Assessment of the impact on the component of the social environment –risk to 

public health 

Social 

environment 

component  

CHPP-2 

moderniza

tion option  

Spatial 

scale  Time scale  
Exposure 

intensity  

Comprehen

sive 

assessment    

Value category  

 

 

Public  

health risk 

Current 

CHPP-2  

Regional  

-4 

Constant  

-5 

 

Moderate  

--3 

 

-12 
High negative 

impact  

Option 1  
Local  

-2 

Constant  

-5 

Insignificant  

-1 
-8 

Average 

negative impact  

Option 2 
Regional  

-3 

Constant  

-5 

Weak  

-2 
-10 

Average 

negative impact  

3 вариант 
Regional  

-3 

Constant  

-5 

Weak  

-2 
-10 

Average 

negative impact  

4 вариант 
Local  

-2 

Constant  

-5 

Insignificant  

-1 
-8 

Average 

negative impact  

 

 

 

 

 

 

 

 

Uncertainties in the risk assessment can be divided into three categories: 
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-Incertainty of information associated with the lack of data on the maximum 

background air pollution of fine suspended solids, observations of which RGP 

KazHydromet does not conduct (Appendix 6),  

- parameter uncertainty associated with the use of calculated values to determine 

the exposure of individual pollutants (fine particulate matter, heavy metals), in the 

subsequent stages of risk assessment it is desirable to have measured 

concentrations. In risk assessment according to the recommendations of the 

Ministry of Health of the RK it is accepted that fine-dispersed substances account 

for 50% of total emissions of suspended solids. Although there are data from the 

testing laboratory of LLC "GORMASH-YUL" Vorkuta branch on assessment of 

performance of the dust and gas cleaning equipment at Ekibastuz coal burning - 

ash collector bag of CJSC "SPACE-MOTOR" (protocol No 5-11.12/15 of 

November 20, 2012), according to which the content of fine particles below 20 

microns in the total volume does not exceed 5%. In assessing the risk in this work, 

the recommendations of the Ministry of Health of the RK both before and after the 

modernization of CHPP-2 for the possibility of analyzing changes in risk have 

been adopted. At the next stages of EIA development it is advisable to take the 

actual values for each type of ash collector. 

It should be noted that the obtained result on the calculated level of risk of short-

term impact is overestimated compared to the possible risk level in real conditions, 

as it is determined on the basis of the calculated surface concentration at the 

maximum load of CHP-2 and adverse weather conditions, the probability of 

coincidence of which is very low. 

-The model uncertainty associated with the lack of theory and algorithm for 

dispersion of fine suspended particles in the atmosphere. Thus, according to the 

results of studies of the Russian Academy of Sciences (RAS), part of fine ash 

fractions in the flare, especially at high chimneys, may not reach the surface layer 

of the atmosphere at all. According to the results of studies, it has been established 

that ash particles with a size of 4-10 microns rise with the flare to a height of more 

than 1 km and move along the ground surface for thousands of kilometers. 

Particles smaller than 4 microns are poorly captured by raindrops and sink very 

slowly, reaching the ground surface from a height of 1 km within a year. Particles 

smaller than 1 μm travel in the atmosphere like gas molecules. Therefore, in the 

surface layer of the atmosphere fine particles less than 3 μm will be contained with 

a very strong dilution compared to larger particles of size 10-15 μm. 
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                    Current situation  

 

CHPP-2 modernization- fuel: coal  

 

CHPP-2 modernization- fuel: gas 

 

Picture: 2.28. City area zoning by the level of total non-carcinogenic risk of chronic impact of CHPP-2 emissions (without 

background) 
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2.2.2.5 Comprehensive impact  assessment on the social and economic 

environment 

A comprehensive assessment of the impact of CHPP-2 modernization on the social 

environment is presented in Table 2.2.31. 

Table 2.2.31. 

Complex impact assessment on the socio-economic environment 

of CHPP-2 modernization options 

CHPP-2 option 

modernization 
Employment 

Population   

income 

Population 

health risk  

Comprehens

ive 

evaluation  

Value category 

impact  

Current CHPP-2 

without 

modernization  

9 10 -12 7 
Low –negative 

impact  

Option 1  4 4 -8 0 No impact  

Option 2  9 10 -10 9 
Average  positive 

impact  

Option 3 9 10 -10 9 
Average  positive 

impact 

Option 4  4 4 -8 0 No impact  

 

The results of assessing the impact of options for modernization of CHPP-2 on the 

social environment indicate a slight advantage of coal options, the implementation 

of which is possible without reducing the employment and income of the 

population, with an acceptable risk to public health. 

 

2.2.3 Comprehensive environmental impact assessment.  

 

Comprehensive assessment of the impact of the variants of CHPP-2 modernization 

consists of the results of: 

- assessment of the impact on components of the natural environment: 

- Assessment of the impact on the components of the socio-economic environment, 

- analysis of the probability of accidents and their consequences. 
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For a comprehensive (integral) impact assessment we used a semi-quantitative 

method of assessment, implemented in the "Methodological instructions for 

assessing the impact of economic activities on the environment", MEP RK, Astana 

2010. [11]. 

The results of the integrated assessment are presented in Picture: 8.1. 

 

Picture:  2.29. Comprehensive Environmental Impact Assessment  

The cumulative impact of CHPP-2 on the components of the environment, as a 

Category 1 facility, is characterized as "impact of high significance", regardless of 

the type of fuel and the technology used. The impact is determined by the 

significant capacity of the plant. 

Comparison of the main indicators of the impact on environmental components 

shows that the determining factor in the integrated assessment is the impact on 

atmospheric air pollution, as it has more spatial boundaries. According to this 

indicator, the advantage of the gas variants is obvious. 

Reduction of emissions in these options in relation to the existing 2020th year is 

maximum and is about 93 %, is carried out due to the exclusion of emissions of 

suspended particles and sulfur dioxide, reduction of emissions of nitrogen dioxide. 

Also in the gas variants the need to store ash and slag waste is eliminated. 

In the coal variants with the equipment of boilers with gas treatment plants, the 

reduction of emissions relative to the existing 2020 will be 70 % - 80 % with the 

use of the SCV plant. 

The advantage of gas options in terms of impact on atmospheric air is largely 

offset by the impact on groundwater of the evaporation field, required in these 

options for the disposal of effluents. But the index of complex impact in the gas 

options, nevertheless, remains lower, which indicates their priority. If the coal 
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options will solve the problem of ash and slag waste disposal, in option 2 will not 

require allocation of additional areas to place a new section of the ash dump, and 

this option can be competitive with the gas option. 

Gas options are inferior to coal options on socio-economic indicators (reduced 

employment and income of the population) and the risk of possible emergencies 

associated with the use of explosive fuel in a special buried arrangement of CHP-2 

(the latter is typical for option 1). 

According to the results of the integral assessment on the components of the 

environment and socio-economic environment, gas options for the modernization 

of CHPP-2 are preferable.  

Among the considered gas variants of modernization of CHPP-2 the most 

expedient from the point of view of minimizing the environmental impact is 

variant 4 with the use of gas turbines, placed in the new main building. 

The advantage of variant 4 over variant 1 is the following: 

- Gas combustion using efficient gas turbines, which meets the requirements of the 

European Community, which allows gas combustion only in gas turbines,  

- Variant 4 is the most efficient in using expensive gas fuel: fuel utilization factor 

is about 77-79%, depending on the type of gas-turbine units, while the fuel 

utilization factor in Variant 1 is 67%. Fuel utilization factor in Variant 4 most fully 

meets the EU BAT, according to which the BAT is 65-95%, 

- Specific emissions per unit of fuel combusted (in equivalent terms) in option 4 

are minimal, 

- The risk of Option 4 implementation at the new site within the existing area of 

CHPP-2 is significantly lower than that of Option 1 within the existing buried main 

building.  

2.3. RECOMMENDED OPTION  

With a stable supply of gas to CHP-2 the most rational in terms of efficient use of 

natural resources and reducing the technogenic load on the environment of the city 

is the option of gas use in the most efficient technology - gas turbine units (option 

4). The application of combined-cycle technology, which allows the most efficient 

use of expensive "clean" fuel to produce heat and electricity in the global 

community is recognized as the best available technology. 

According to the results of the meeting held on May 31, 2021 under the 

chairmanship of the Prime Minister of the Republic of Kazakhstan A. Mamin on 

the implementation of the modernization project of Almaty CHP-2 within the 
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environmental problems of Almaty, it was decided to build a combined cycle 

power plant at the site of Almaty CHP-2, as as the option of transferring the 

existing boilers of Almaty CHPP-2 to gas has an increased risk of man-made 

disaster (Protocol № 11-03/ dated May 31, 2021), and its implementation requires 

the development of special technical specifications (STS).  
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