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AbstractAbstractAbstract

In the context of continuous development of 
decentralized heat and power supply the problem 
of identifying and analyzing risks of heat and 
power production by small and ultra-small (SUS) 
combined cycle units (CCU) becomes acute. We 
compare such risks with those of heat and 
electricity production by gas-fired (GF) big 
combined cycle heat and power (CHP) stations 
with capacity exceeding 300 MW.
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ContentContentContent

1. Introduction
2. Technical aspects of risks of power production by 

GF CCU as associated with economics, human 
factor and industrial development of the regions

3. Concept of assessing risk in heat, power, hot 
water and steam production by SUS CCU. 
Methodology for the calculation

4. Assessment of energy safety risks of heat and 
power production by GF SUS CCU in different 
Russian regions

5. Benefits of power production by CCU in terms of 
energy safety of the regions

6. Conclusions
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Promgaz at a GlancePromgaz at a GlancePromgaz at a Glance

�� MajorMajor GazpromGazprom center in the field of natural gas center in the field of natural gas 
distribution and utilizationdistribution and utilization

�� Major Russian research and engineering centerMajor Russian research and engineering center

�� Considerable scientific potential, including 26 Considerable scientific potential, including 26 
Doctors of Science and 76 Candidates of ScienceDoctors of Science and 76 Candidates of Science

�� Personnel totaling 714Personnel totaling 714 peoplepeople

�� GazpromGazprom is the principal shareholderis the principal shareholder (98,71%(98,71% of of 
the stockthe stock ))



55

Promgaz at a GlancePromgaz at a GlancePromgaz at a Glance

�� 7 7 representative officesrepresentative offices

�� Operation inOperation in 58 58 regions of the Russian regions of the Russian 
FederationFederation

�� Active contribution to working bodies of Active contribution to working bodies of 
the International Gas Union and United the International Gas Union and United 
Nations Economic Commission for  EuropeNations Economic Commission for  Europe

�� InIn 2005 2005 turnover exceededturnover exceeded 1,7 1,7 blnbln . . RURRUR
((EURO EURO 50 50 mlnmln .).)
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Competitive Advantages of PromgazCompetitive Advantages of PromgazCompetitive Advantages of Promgaz

�� Integrated approach to projects developmentIntegrated approach to projects development

�� Availability of scientific and human resources Availability of scientific and human resources 
from different Russian industriesfrom different Russian industries

�� Affiliation withAffiliation with GazpromGazprom

�� WellWell --established relationships with established relationships with 
Administrations of the Russian RegionsAdministrations of the Russian Regions

�� Flexible organizational structureFlexible organizational structure

�� Exclusive scientific developmentsExclusive scientific developments
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Mission of PromgazMission of PromgazMission of Promgaz

Development and Development and 
implementation of complex implementation of complex 
fuelfuel --andand --energy projects on energy projects on 
the basis of applied scientific the basis of applied scientific 
research and advanced research and advanced 
technologiestechnologies
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�� Regional power industry, improvement of energy Regional power industry, improvement of energy 
efficiency, risk assessmentefficiency, risk assessment

�� Gas supply and distribution in the regions of Russi aGas supply and distribution in the regions of Russi a

�� Reconstruction, technical reReconstruction, technical re --equipment, lifeequipment, life --time time 
extension of gasextension of gas --distribution systemsdistribution systems

�� Investment efficiencyInvestment efficiency

�� NonNon --conventional hydrocarbon resourcesconventional hydrocarbon resources

�� Energy services & Energy services & maintenance worksmaintenance works

The Main ActivitiesThe Main ActivitiesThe Main Activities
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Aspects of Risks of Power Production by GF CCU 
as Associated with Economics, Human Factor and 

Industrial Development of the Regions

Aspects of Risks of Power Production by GF CCU Aspects of Risks of Power Production by GF CCU 
as Associated with Economics, Human Factor and as Associated with Economics, Human Factor and 

Industrial Development of the RegionsIndustrial Development of the Regions

�� Will gas be used for electricity and heat Will gas be used for electricity and heat 
production tomorrow?production tomorrow?

�� Evaluative risk conceptsEvaluative risk concepts

�� Improvement  of energy safety criteria & Improvement  of energy safety criteria & 
indices indices 

�� Weak point analysis of risk and residential Weak point analysis of risk and residential 
energy safetyenergy safety
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What are Consumer’s and Region’s Priorities 
in Energy and Fuel Utilization ?

What are ConsumerWhat are Consumer ’’s and Regions and Region ’’s Priorities s Priorities 
in Energy and Fuel Utilization ?in Energy and Fuel Utilization ?
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Gas in the House of Tomorrow: Expected 
Consumer Gas Supply 

Gas in the House of Tomorrow: Expected Gas in the House of Tomorrow: Expected 
Consumer Gas Supply Consumer Gas Supply 
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Evaluative Risk ConceptsEvaluative Risk ConceptsEvaluative Risk Concepts

Generally collective risk means here possible number Generally collective risk means here possible number 
of persons deadly injured in natural and industrial of persons deadly injured in natural and industrial 
perils within a specified period of time. GF SUS CCU perils within a specified period of time. GF SUS CCU 
associated collective risk is equal to the number of associated collective risk is equal to the number of 
fatalities and serious injures within a specified period fatalities and serious injures within a specified period 
of GF SUS CCU operation, for example deaths caused of GF SUS CCU operation, for example deaths caused 
by lowby low--probability failures or natural disaster. probability failures or natural disaster. 

Acceptable collective risk of heat and power Acceptable collective risk of heat and power 
production by GF SUS CCU equals the risk acceptable production by GF SUS CCU equals the risk acceptable 
for community in economic, social, insurance terms. for community in economic, social, insurance terms. 

For Russia such risk makes 10For Russia such risk makes 10--66 ��1010--88 of possible of possible 
deaths per person per 1 year of one GF SUS CCU deaths per person per 1 year of one GF SUS CCU 
operation.operation.
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Improvement of Energy Safety Criteria & IndicesIImprovemprove mentment of Energy Safety Criteria & Indicesof Energy Safety Criteria & Indices

� Today the highest GF-
SUS-CCU-caused risk for 
gas suppliers and 
consumers is associated 
with low pressure gas 
pipelines operation

� This risk equals probability 
of human injury (death, 
maims) at the territory 
adjacent to the pipeline or 
to the gas-using 
equipment. This risk is 
individually specified for 
negative factors of the “gas 
supplier - gas consumer”
engineering system 

� Professional risk (risk for 
personnel of industrial, 
agricultural, transportation 
objects) and free-
accepted risk (risk for the 
residents) is defined here 
by a formula:

R risk = P probability×S total costs

Risk - R is multiplication of 
two functional values.
The first value is quantitative 
value (P) of danger 
occurrence for the natural 
gas supplier and/or 
consumer as multiplied by 
total costs (S) of threat 
(failure) consequences 
mitigation and damage.
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Risk Weak Point AnalysisRisk Weak Point AnalysisRisk Weak Point Analysis

Potential threat & irreparable harm

Frequency of occurrence Escape rate

Dispersion

Estimation of consequences
Contribution

of event

Comparison of expected frequency

Deficiencies to be improved

Individual/ 
collective risk

Environmental & energy risk

Assessment of potential threat & irreparable harm for t he weak point
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Concept of Assessing Risk in Heat, Power, Hot 

Water and Steam Production by SUS CCU: 
Calculation Methodology

Concept of Assessing Risk in Heat, Power, Hot Concept of Assessing Risk in Heat, Power, Hot 
Water and Steam Production by SUS CCU: Water and Steam Production by SUS CCU: 

Calculation MethodologyCalculation Methodology

�� Why Promgaz can develop adequate models to Why Promgaz can develop adequate models to 
forecast world energy and ecological risks of heat and forecast world energy and ecological risks of heat and 
power production at example of Russian regionspower production at example of Russian regions

�� CConcept of risk assessmentoncept of risk assessment

�� Methodology for the risk calculation Methodology for the risk calculation 
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Why Promgaz Can Develop Adequate Models to Forecast  
World Energy and Ecological Risks of Heat and Power  

Production at Example of Russian Regions

Why Promgaz Can Develop Adequate Models to Forecast  Why Promgaz Can Develop Adequate Models to Forecast  
World Energy and Ecological Risks of Heat and Power  World Energy and Ecological Risks of Heat and Power  

Production at Example of Russian RegionsProduction at Example of Russian Regions

�� Average density distribution of industrial faciliti es and populaAverage density distribution of industrial faciliti es and popula tion tion 
corresponds to various groups of countries in Europ e, North and corresponds to various groups of countries in Europ e, North and South South 
America, Asia. Provision for energy resources and g as on separatAmerica, Asia. Provision for energy resources and g as on separat e e 
territories of Russia also corresponds to worldwide  territories of Russia also corresponds to worldwide  provisionprovision ..

�� Requirements and expectations of regional gas consu mers (collectRequirements and expectations of regional gas consu mers (collect ed data ed data 
on results of filledon results of filled --in questionnaires of Russian regions and of other in questionnaires of Russian regions and of other 
countries according to classification groups of Rus sia are givencountries according to classification groups of Rus sia are given ) ) 
associated with the results received from filledassociated with the results received from filled --in questionnaires of other in questionnaires of other 
countriescountries ..

�� EnergyEnergy saving tendencies saving tendencies -- substitution of natural gas substitution of natural gas in fuellingin fuelling
centralized centralized heaheatt and power and power producproduc ed by big CHP ed by big CHP stationsstations by by coalcoal and and 
nuclear nuclear energyenergy ..

�� The share of nonThe share of non --conventional heat and power sources (wind, solar, conventional heat and power sources (wind, solar, 
thermal and others) could compete with gas only in separate locathermal and others) could compete with gas only in separate loca l regions, l regions, 
but integrally in Russia will not give considerable  contributionbut integrally in Russia will not give considerable  contribution to fuel and to fuel and 
energy balances of the regions. We could expect sim ilar tendencienergy balances of the regions. We could expect sim ilar tendenci es es worldworld --
wide toowide too . . 
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Why Promgaz Can Develop Adequate Models to Forecast  
World Energy and Ecological Risks of Heat and Power  

Production at Example of Russian Regions

Why Promgaz Can Develop Adequate Models to Forecast  Why Promgaz Can Develop Adequate Models to Forecast  
World Energy and Ecological Risks of Heat and Power  World Energy and Ecological Risks of Heat and Power  

Production at Example of Russian RegionsProduction at Example of Russian Regions

38,678 38,678 mlnmln. men . men ––
124 124 men/men/ккmm22

1116 625 16 625 kkmm

3 250 3 250 kWkW//personperson

Urban districtsUrban districts
<<30% 30% 

Rural districtsRural districts

<<30%30%

1122,,723723 mlnmln.. men men --
102102 men/men/ккmm22

25343 km25343 km

3 700 kW/person3 700 kW/person

Urban districtsUrban districts
443% 3% 

Rural districtsRural districts

3322%%

Population Population -- densitydensity

Gas networksGas networks’’ lengthlength

Energy consumption per Energy consumption per 
capitacapita

Share of natural gas and Share of natural gas and 
other gas fuels in the energy other gas fuels in the energy 
balance of domestic and balance of domestic and 
commercial heat supply in commercial heat supply in 
the given regionthe given region

PolandPolandSaratovSaratov
RegionRegionIndexIndex

Comparative analysis of the Saratov Region’s and of Po land’s
territorial indices:
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Concept of Assessing Risk in Heat, Power, Hot Water  
and Steam Production by SUS CCU 

Concept of Assessing Risk in Heat, Power, Hot Water  Concept of Assessing Risk in Heat, Power, Hot Water  
and Steam Production by SUS CCU and Steam Production by SUS CCU 

Energy safetyEnergy safety problems of  gas applications introduction are problems of  gas applications introduction are 
classified in two main groups:classified in two main groups:

1. Risk and probability of gas supplier1. Risk and probability of gas supplier ’’s industrial threats and natural s industrial threats and natural 
perils occurrenceperils occurrence

2. Risk of gas consumer2. Risk of gas consumer ’’s energy safety threats occurrences energy safety threats occurrence

To identify expected risk of To identify expected risk of gasgas--toto--power utilization we need the power utilization we need the 
model:model:

�� to forecast gas consumption in order to satisfy industrial, cto forecast gas consumption in order to satisfy industrial, commercialommercial
and domestic consumers and domestic consumers 

�� to forecast consumersto forecast consumers’’ demand in special equipment for conversion of demand in special equipment for conversion of 
gas energy to heat and power energygas energy to heat and power energy

�� to forecast energy safety of regions and countriesto forecast energy safety of regions and countries

�� to make up other forecast estimates and improve living standardsto make up other forecast estimates and improve living standards all all 
over the worldover the world
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Concept of Assessing Risk in Heat, Power, Hot Water  
and Steam Production by SUS CCU

Concept of Assessing Risk in Heat, Power, Hot Water  Concept of Assessing Risk in Heat, Power, Hot Water  
and Steam Production by SUS CCUand Steam Production by SUS CCU

Development of multiDevelopment of multi --factor economicalfactor economical --mathematical model to forecast and mathematical model to forecast and 
analyze energy and environmental risks of heat and power productanalyze energy and environmental risks of heat and power product ion by GF ion by GF 
unitsunits

R R riskrisk = P = P probabilityprobability ×× S  S  total cashtotal cash

Failure probability rate

Scheduled life-time termination

Application of risk-
based technology

Plant’s life-time extension

Unit Age in Years

0 Lifetime 1,3  × Lifetime



2020Development of Multi-Factor Economical-
Mathematical Model to Forecast and Analyze Energy 

and Environmental Risks of Heat and Power 
Production by GF Units

Development of MultiDevelopment of Multi --Factor EconomicalFactor Economical --
Mathematical Model to Forecast and Analyze Energy Mathematical Model to Forecast and Analyze Energy 

and Environmental Risks of Heat and Power and Environmental Risks of Heat and Power 
Production by GF UnitsProduction by GF Units

Diversification
of risks

Economic 
efficiency for 
gas company

Statistical hypothesis significance test:
R.ijkm=R0 + Rk + Ai+ Bj(i)+Cm+ACim +BСmj(i)+εijkm,

Energy safety of 
the region

Impact statistical significance

Geographical peculiarities of the region

Heating equipment operation strategy

Peculiarities of raw and fuel basis of the region

Ownership of the heating equipment

Human factor

Other…………..

Strategic and tactical gas supply control in domestic and commercial heating

Information support of 
managerial processes

Yes / No
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Risk Methodology for Calculation 

of Energy Safety Threats
Risk Methodology for Calculation Risk Methodology for Calculation 

of Energy Safety Threatsof Energy Safety Threats

The mathematical model defines gas supplier safety condition The mathematical model defines gas supplier safety condition 
in terms of the gas distribution network destruction:in terms of the gas distribution network destruction:
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Accumulation of Benchmark Data to Forecast and 
Analyze Energy and Environmental Risks of Heat and 

Power Production by GF Units

Accumulation of BAccumulation of B enchmark enchmark DDataata to Forecast and to Forecast and 
Analyze Energy and Environmental Risks of Heat and Analyze Energy and Environmental Risks of Heat and 

Power Production by GF UnitsPower Production by GF Units

Questionnaire surveys for estimation of situation, 

trends and priorities in residential gas use:

���� Questionnaire 1 “Domestic and commercial use of gas: existing 
situation”

���� Questionnaire 2 “Expected residential gas demand”

���� Questionnaire 3 “New technolog ies for residential gas use”

���� Questionnaire 4 “Life cycle of domestic and commercial gas e quipment”

���� Questionnaire 5 “Trends and expected improvements of heat producing 
domestic and commercial gas equipment ”
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Generation of Initial Data to Forecast and Analyze 
Energy and Environmental Risks of Heat and Power 

Production by GF CCU

Generation of Initial Data to Forecast and Analyze Generation of Initial Data to Forecast and Analyze 
Energy and Environmental Risks of Heat and Power Energy and Environmental Risks of Heat and Power 

Production by GF CCUProduction by GF CCU

Short Questionnaire on District Heating

Issues Covered:
�Industrial, domestic and commercial use of gas: 
existing situation
�Expected residential gas demand
�New technologies for residential gas use
�Life cycle of industrial, domestic and commercial 
gas equipment
�Trends and expected improvements of heat 
producing industrial, domestic and commercial gas 
equipment
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Domestic and Commercial Use of Gas: Existing Situat ionDomestic and Commercial Use of Gas: Existing Situat ionDomestic and Commercial Use of Gas: Existing Situat ion

……………………………….………………………..

……………………………….………………………..

Urban central heating 
Rural central heating 
Urban decentralized heating 

Rural decentralized heating

Respective shares of liquefied 
and natural gases as used for 
residential heating in the given 
region

Urban districts

Rural districts

Existing relations between 
central and decentralized gas 
heating in the given region

Urban districts
А - <<<<30%; B - <<<<50%; C - >>>>50%
Other (please, specify)
Rural districts
А - <<<<30%; B - <<<<50%; C - >>>>50%
Other (please, specify)

Share of natural gas and other 
gas fuels in the energy 
balance of residential heat 
supply in the given region

Answers, please choose the 
acceptable variant

Questions
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Application of Presented Model to Make Forecasts on  
Gas Consumption and Energy and Environmental Risks
Application of Presented Model to Make Forecasts on  Application of Presented Model to Make Forecasts on  

Gas Consumption and Energy and Environmental RisksGas Consumption and Energy and Environmental Risks

Algorithm for questionnaires and surveys organizati onAlgorithm for questionnaires and surveys organizati on

Is consumer located in the 
country with most favoured 
conditions for gas supply?

А,    B,   C,    D,  E

Is consumer located in the 
country with scarce gas supply?

Is consumer located in the 
country providing preferences 

for gas  exports?

Consumer grading indices

Climatic zone

Gas supply terms: consumer is located in the region

Gas consumption terms: Consumer gas demand

Gas utilization terms: 
А - Consumer uses highly automated and efficient equip ment for gas-to-

heat conversion ( questions А1-А10 about equipment)
B – Consumer employs gas utilization quality managem ent system ( B1-

B10)
C- Consumer applies resources saving technologies (q uestions C1-C10)
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Assessment of Energy Safety Risks of Heat and 
Power Production by small GF CCU in Different 

Russian Regions

Assessment of Energy Safety Risks of Heat and Assessment of Energy Safety Risks of Heat and 
Power Production by small GF CCU in Different Power Production by small GF CCU in Different 

Russian RegionsRussian Regions
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Expected energy safety risk indices in the North-We st Federal District 
 - Risk of heat and power production on SUS CCU 
 - Risk of heat and power production on big CHP sta tions implementing combined (steam and gas) 

 thermodynamic cycle of heat engine 
 - Risk of heat and power production on big CHP sta tions with ordinary steam turbine 
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Model DevelopmentModel DevelopmentModel Development

The territories (countries) were conditionally divided into 5 group s:
The first group contains territories characterized by high density of population, for 
example, Moscow region and Germany, where exist dev eloped gas networks and 
electric power grids, own local gas fields and adva nced industry.
The second group contains territories and countries where exists adv anced 
industry, but own gas fields and other fuel recours es are practically absent. The 
example of such territories is the Kaluga Region of R ussia and the Ukraine. 
The third group unites territories and countries where exists advan ced industry, 
high density of population and heat and power energ y supplies by other sources, for 
example, by nuclear stations. The share of gas in d omestic sector of such territories 
is small yet. The example of such territories is th e Tver Region of Russia and 
Taiwan.
The fourth group includes regions with low density of population, la rge-scale gas 
fields and excess of gas fuel. The example of such territories is northern regions of 
Russia, Turkmenistan and Bolivia.
The fifth group of territories includes regions with low density of  population and 
without producing gas fields, where rural populatio n prevails and industry remains 
underdeveloped. The example of such territories is Kalmykia in Russia and 
Mongolia. 
At the same time the territories of listed groups w ere divided into two typical for 
every country sub-groups – urban and rural territori es. 
All groups were analyzed taking into consideration climate conditions (average 
annual temperature, winter period, etc.).
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Application of the Presented ModelApplication of the Presented ModelApplication of the Presented Model
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Risk
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%

Efficiency and Risks of Decentralized Heat 
and Power Production
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ConclusionsConclusionsConclusions
Expected structure of regional energy balances in R F:Expected structure of regional energy balances in R F:

•••••••• Gas share of 45Gas share of 45 --50% 50% 
•••••••• Nuclear power share of 16Nuclear power share of 16 --20%20%

  •••••••• Coal share of 15Coal share of 15 --20%20%
According to risk forecasts analysis, prospective r atio of GF SUAccording to risk forecasts analysis, prospective r atio of GF SU S CCU S CCU 
to big CHP stations capacity is in the interval of 0,65to big CHP stations capacity is in the interval of 0,65--0,350,35

  Calculation of gas consumer and gas supplier risks pursues 5 goaCalculation of gas consumer and gas supplier risks pursues 5 goa ls:ls:

1.1. Clear priorities identification for consumer and su pplierClear priorities identification for consumer and su pplier
2.2. Analysis of initial terms of gas supply and use to provide for Analysis of initial terms of gas supply and use to provide for efficient efficient 

and safe gas consumption. Monitoring of gas supplie rand safe gas consumption. Monitoring of gas supplie r ’’s and gas s and gas 
consumerconsumer ’’s riskss risks

3.3. Programming of corrective interference in case of g as supply andProgramming of corrective interference in case of g as supply and
consumption scenario variation. Risks monitoring as  based on virconsumption scenario variation. Risks monitoring as  based on vir tual tual 
IT systems and technologiesIT systems and technologies

4.4. ImprovementImprovement of existing of existing ««gas supplier gas supplier –– gas consumergas consumer »» regional regional 
system, including change of gas consumption terms a nd volumes tosystem, including change of gas consumption terms a nd volumes to
improve energy safetyimprove energy safety

5.5. Correction of interference impacts over Correction of interference impacts over ““ gas supplier gas supplier –– gas consumergas consumer ””
systemsystem
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Thank you for your kind attentionThank you for your kind attentionThank you for your kind attention

promgaz@promgaz.rupromgaz@promgaz.promgaz@promgaz. ruru


