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Foreword 

The energy complex is the basis for the economic development of any country in the world. 

But practically all countries of the world feel the need for more and more produced energy and the 

need to find reliable sources for its production. 

The so-called "traditional energy" is an unrecognized leader in terms of the number of 

negative impacts on natural systems. However, there are no quick and easy solutions to change the 

situation: renewable sources are also imperfect in terms of environmental pollution, accessibility, 

economic and technological efficiency. 

In this regard, the development of energy policy, taking into account the goals of sustainable 

development and the principles of "green economy" is in the center of attention. 

The proposed tutorial is devoted to an overview of modern approaches to the assessment of 

energy resources, their rational use and the possibilities of achieving sustainable development goals. 

The book includes six main topics: 

 Introduction. Sustainable energy development as a base of the global sustainability. 

Sustainable development goals and trajectory of the energy sector. Global strategies. 

 Energy resources: distribution of different energy sources, availability and 

sustainability issues. Energy poverty as a global challenge. Global tendencies. 

 Energy security and energy efficiency: levels of evaluation, models, management 

instruments. State regulation and social initiatives. Energy management. “Green 

standards”. Best practices. 

 Green energy. Energy sector as a source of environmental damages. Models and 

assessments. Green vs renewable energy.   

 Management of the environmental risk in energy sector. Concept of environmental 

risk. Environmental risk of energy sources: renewables and non-renewables. 

Environmental damages and risk management: main approaches. Energy 

management. Waste as the “secondary resources”: recycling and “waste to energy” 

technologies. 

 Energy sector and the global climate policy. Greenhouse gases emissions: modern 

assessments and scenarios. Standards for the emissions. International collaboration. 

Each chapter contains in addition to the main text and illustrative material the questions and 

tasks for the self-checking and an extended list of references (information sources). 

We prepared this book as a supporting material for the master student of the direction 

“Ecology and nature management”. But we hope also, the book will be useful for a wide audience 

interested in sustainable energy development issues. 

 

 

Authors 
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Part 1. Introduction 

The modern understanding of sustainable development is strongly connected with 

sustainability in the use of natural resources. Especially important is it to organize the rational use of 

natural resources as a base of the economy in each country in the world. That is why issues of 

sustainability in the energy sector are in the center of each economic strategy and that is why we study 

today the issues of sustainable energy development. 

The important confirmation of this point of view is the complex of the sustainable 

development goals presented and accepted as the main chains of the global development strategy 

(Fig. 1.1). These goals are to be achieved till the 2030 according to the UN strategy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Sustainable development goals 

 

Except for the goal of affordable and clean energy itself, there are some very close goals 

connected with state and development of the energy sector. It is possible to show the role of energy 

production and consumption in the achievement of virtually each of the goals. 

Thus, the achievement of the “No poverty” goal requires to supply really clean and affordable 

energy to each family and household. The goal “Decent work and economic growth” means that this 

economic growth will be accompanied by enough amount of energy production. “Climate action” 

goal is strongly connected with the production and consumption of energy, its quality. In the scientific 

literature, it is possible to find studies describing the connections between the SDGs and explaining 

the necessity to develop the strategy for the achievement of all the goals. The same connections it is 

possible to model for practically all of 17 SDGs. Such a modeling allows to justify the priorities for 

several economic system, to build the development strategy for country or region. Under the 

conditions of limited resources and a variety of development scenarios, it is necessary to justify the 

best ways for the achievement of goals.  

At the same time, realization of the development strategy needs to control the processes of 

improvement and to “measure” the results. 

Coming back to the energy development goal itself, let us look at the approaches to the 

realization of SDG. The performance in the achieving of each goal is evaluated using a set of special 

indicators. The goal itself is “divided” in a set of targets and their achievement is controlled using a 

set of special indicators. Thus, for the SDG7, Ensure access to affordable, reliable, sustainable, and 

modern energy for all, we see the following structure of targets and indicators: 

 TARGET 7.1 By 2030, ensure universal access to affordable, reliable and modern energy 

services 

o INDICATOR 7.1.1 Proportion of population with access to electricity: Proportion of 

population with access to electricity, by urban/rural (%) 
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o INDICATOR 7.1.2 Proportion of population with primary reliance on clean fuels and 

technology: Proportion of population with primary reliance on clean fuels and 

technology (%) 

 TARGET 7.2 By 2030, increase substantially the share of renewable energy in the global 

energy mix. 

o INDICATOR 7.2.1 Renewable energy share in the total final energy consumption: 

Renewable energy share in the total final energy consumption (%) 

 TARGET 7.3 By 2030, double the global rate of improvement in energy 

o INDICATOR 7.3.1 Energy intensity measured in terms of primary energy and GDP: 

Energy intensity level of primary energy (megajoules per constant 2011 purchasing 

power parity GDP) 

In the following chapters, we will discuss the factors affecting positive or negative the general 

trajectory of energy development. 

Now let us look at the approaches to the description of the place of energy development in 

sustainability. First of all, what is sustainable development? The traditional representation of this 

concept includes three interacting intersecting spheres: social, economic, environmental. 

The “classic” definition presented in the UN documents describes the sustainable 

development as “development that meets the needs of the present without compromising the ability 

of future generations to meet their own needs”. Currently, this is the overarching paradigm of the 

United Nations. The concept of sustainable development was described by the 1987 Bruntland 

Commission Report. Thus, the general concept of the sustainable development includes the following 

interpretation of the interacting components. 

The social component is focused on the person; and seeks to preserve the stability of the 

social and cultural systems, including the reduction of the number of devastating conflicts between 

people. An important aspect - the equitable sharing of benefits. 

The environmental component means that sustainable development should ensure the 

integrity of the biological and physical natural systems. The main point is self-healing and dynamic 

adaptation of natural systems, rather than keeping them in an "ideal" static state. 

The economic component means the economic approach to the concept of sustainability is 

based on the theory of the maximum flow of aggregate income of Hicks-Lindahl. 

The concept implies the best use of limited resources and the use of eco-friendly, nature-, 

energy- and material-saving technologies, including extraction and processing of raw materials, 

creation of environmentally friendly products, minimization, recycling, and disposal of waste. In the 

official definition, sustainable development "meets the needs of the present without compromising 

the ability of future generations to meet their own needs." 

This scheme exists more than 25 years, as it has been developed on the Rio-92 world 

sustainability forum. As said before, currently the agenda on sustainability includes achievement of 

a set of goals, and it is controlled using a big hierarchical complex of indicators. Each country 

participating in the SDG achievement has to gather statistical information to be able to assess the 

progress in sustainability. 

How to understand, what issues are really important and are to be controlled when we control 

the development of an economic system? 

In general, the main components of the environmental-economic system are presented on slide 

4. There are a set of internal factors able to destruct the system or to help it to resist the external 

influences. The external factors, the same, can affect the system to destruct it or can help to stabilize 

its trajectory. Independent on the type of factors and the “period of life” of the system, we use 

indicators to understand its’ development trajectory. 

Discussing, whether the system is sustainable, we try to understand, whether it is in the state 

of stability (fig. 1.2). It is well known, that there are some types of stability are possible. These are 

inert stability (the system doesn’t show any reaction on the influence because it is strong enough and 

can resist) or plastic (the system will modify itself to stay alive, but all-important interrelations will 

be saved). 
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Fig. 1.2. Stability of the economic systems 

 

So, the positive and negative factors, internal and external affect the economic system and 

lead it to some state. To provide stability, we need to minimize the negative influences and to make 

the system stronger. Energy security is a necessary condition to maintain the required level of national 

and economic safety through the use of fuel and energy potential of the countries. Taking as an 

example the energy development of economic systems, it is possible to present the following threats: 

 environmental risk; 

 economic risk; 

 resource risk and energy 

These risks are formed by a complex of the instability factors, both internal and external. They 

can be realized as various adverse consequences like economical losses or environmental damages or 

social conflicts because of inequitable access to energy resources. 

To avoid these adverse consequences or to eliminate the cause of risk itself, the following 

general measures can be suggested: 

 ensuring environmental safety; 

 ensuring energy security; 

 ensuring equitable distribution of resources and energy services; 

 redistribution of the role of energy sources; 

 international collaboration; 

 information & education. 

In details, the main issues to be regulated on the way to sustainable energy development are: 

 energy security; 

 energy efficiency; 

 use of the renewables; 

 decarbonization; 

 access to the energy resources/ overcoming of energy poverty; 

 prevention of the pollution of the environment; 

 providing the safety of the energy objects (dangerous industrial objects); 

 providing new technologies. It is necessary also to provide 

 Prevention of environmental pollution 
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 Safety of the energy objects (dangerous industrial objects) 

 implementation new technologies meeting the requirements to the best available technologies 

– modern and efficient, available, applicable to the considering 

In the following chapters, we will discuss the concepts of energy security and energy 

efficiency. These two goals in the state of the energy sector and economic system at all are extremely 

relevant for each country now. On the national or international levels, these problems are an important 

topic for the discussions and development of political decisions. 

Global energy development scenarios 

The global energy policy is based on the models describing the evolution of the energy 

systems of the world and the factors of their interaction with natural, social, and economic 

environment. 

As an example of the global political documents let us get acquainted with the World energy 

outlook. This is a series of annual reports of the World Energy Agency. The reports include a review 

of the actual state of the energy sector in different countries and regions as well as global. Based on 

the critical analyses the main tendencies in the energy development will be defined and the scenarios 

are suggested. 

So, modern tendencies in global energy development include: 

 the increase of the use of low-carbon energy sources; 

 the decrease of the energy-related emissions; 

 the increase of the role of the 

Detailed these tendencies have been presented in the World energy outlook 2016. Such reports 

are issued annually and contain the general reviews of the state of energy resources and energy sector 

of the world, energy mixes (global and regional). A special role belongs to the analytical part of the 

report: this is an observation of various scenarios of the energy development, redistribution of the 

role of energy sources. Thus, in the World energy outlook-2016 issued by the International Energy 

Agency the following tendencies are discussed. 

 Growth in energy-related CO2 emissions stalled completely in 2015. This was mainly due to 

a 1.8% improvement in the energy intensity of the global economy, a trend bolstered by gains 

in energy efficiency, as well as the expanded use of cleaner energy sources worldwide, mostly 

renewables. 

 An increasing slice of the roughly $1.8 trillion of investment each year in the energy sector 

has been attracted to clean energy, at a time when investment in upstream oil and gas has 

fallen 

 The value of fossil-fuel consumption subsidies dropped in 2015 to $325 billion, from almost 

$500 billion the 2014. 

 The renewables-led transformation of the power sector has given focus to a new debate over 

power market design and electricity security, while traditional energy security concerns have 

not gone 

Among the global energy scenarios presented in the World energy outlook 2016, the central 

one is the scenario that means the 30% rise in global energy demand to 2040. This means an increase 

in consumption for all modern fuels, but the global aggregates mask a multitude of diverse trends and 

significant switching between fuels. Moreover, hundreds of millions of people are still left in 2040 

without basic energy services. 

A really visible increase in the world primary demand for low-carbon fuels is to be expected 

during the period 2016-2040. In comparison with these expectations, only gas demand will have the 

same tendency, and coal and oil demand decrease. 

Among other main tendencies there are also: 

 $44 trillion in investment is needed in global energy supply in our main scenario, 60% of 

which goes to oil, gas and coal extraction and supply, including power plants using these fuels, 

and nearly 20% to renewable energies. An extra $23 trillion is required for improvements in 

energy 
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 Countries are generally on track to achieve, and even exceed in some instances, many of the 

targets set in their Paris Agreement pledges; this is sufficient to slow the projected rise in 

global energy-related CO2 emissions, but not nearly enough to limit warming to less than 2 

°C. 

 A step-change in the pace of decarbonization and efficiency improvement is required in the 

450 Scenario, underlining the importance of the five-year review mechanism, built into the 

Paris Agreement, for countries to increase the ambition of their climate 

 Electricity takes an ever-larger share of the growth in final energy consumption: from just 

over one-quarter over the last 25 years, electricity accounts for almost 40% of additional 

consumption to 2040 in our main scenario and for two-thirds in the 450 

 In the 450 Scenario, nearly 60% of the power generated in 2040 is projected to come from 

renewables, almost half of this from wind and solar 

As one of the key issues is considered the trajectory of energy development, in particular 

relatively the climate change issues and emissions of greenhouse gases. Thus, according to the 

IEA, currently we are in the state of the “peak in emission”. This means, that when following 

the suggested scenario we have a peak emission level behind, and later in the future, the emissions 

will not be higher. 

The IEA proposes a bridging strategy to deliver a peak in global energy-related emissions by 

2020. The peak can be achieved relying solely on proven technologies and policies, without changing 

the economic and development prospects of any region, and is presented in a “Bridge Scenario”. The 

technologies and policies reflected in the Bridge Scenario are essential to secure the long-term 

decarbonization of the energy sector and their near-term adoption can help keep the door to the 2 °C 

goal open. 

The Bridge Scenario means the implementation of the following main measures: 

 Increasing energy efficiency in the industry, buildings, and transport 

 Progressively reducing the use of the least-efficient coal-fired power plants and banning their 

 Increasing investment in renewable energy technologies in the power sector from $270 billion 

in 2014 to $400 billion in 

 The gradual phasing out of fossil-fuel subsidies to end-users by 

 Reducing methane emissions in oil and gas 

As said before, energy development is an essential part of global economic development. It is 

strongly connected with all the branches. The stages of the development of the energy sector comply 

with the main steps of the world economy development. Thus, the forecast of the energy development 

must also consider the cyclic dynamics of the economy, the way between crises to revolutions. The 

evolution of the economic systems in most cases means the change of the energy strategy. This can 

be a transition to the more efficient use of energy or the use of some new energy sources. The factors 

providing the choice of any decision are always different. So, the transition to the use of the steam 

engine was due to the necessity to increase the efficiency of labor. The result was an industrial 

revolution. But the way was not easy and not “environmentally friendly”, and finally we come to the 

necessity of a new revolution. We speak about the decarbonization, decrease of energy-related 

emissions and it is necessary to implement renewable energy technologies. 

Another example is the application of the waste – to – energy technologies. In this case more 

important was to get rid of waste; production of energy can be considered as a secondary (important 

too) goal. 

Thus, the dominants can change. During all the history, the humanity “jumps” from one 

dominant source to another one: from biomass (wood, plant residues etc.) and wind (do you remember 

the windmills?) to coal, from coal to oil, after that to gas and nuclear energy, after that back to the 

renewables (including biomass!) etc. so, the dominants can change one the another, they can “co-

exist” in the same time. 

Providing the sustainable development of the energy sector and, following, whole the 

economic system, the following opportunities for energy security can be suggested: 
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 The diversification of energy sources: the economy should not be overly dependent on any 

one source of energy; the “nanostructure” energy balance is unacceptable. 

 The environmental acceptability: the development of energy should be accompanied by an 

increase in its negative impact on the environmental systems. 

 The sustainable consumption of traditional hydrocarbon resources, that is, the use of fossil 

fuels in the energy sector should not lead to a shortage of it for the chemical industry. 

 The transition from raw material supplies to international cooperation in the field of 

processing of energy resources, the exchange of the latest technologies, broad cooperation in 

the investment sphere, as well as in the development of modern standards of energy 

conservation. 

 High rates of development of renewable energy sources will reduce the dependence of the 

world economy on oil and gas production and minimize the cost of transportation of energy 

resources. 

 Intensification of international research in all branches of the energy sector. 

Such a strategy will allow us to minimize the risk of crises and provide as stable and 

sustainable development as possible. 

In the next chapters, we will get acquainted with the main energy sources, their distribution, 

and approaches to the management in energy consumption and production. 

Energy sustainability in regions and countries 

As an example of the work on the achievement of sustainable energy development and 

connected goals, let us look at the experience of the United Nations Economic Commission for 

Europe (UNECE). This is one of 5 regional commissions working on a complex of directions of the 

European countries' development. One of the most important directions is energy development. 

UNECE’s work on sustainable energy means the work on the improvement of the access to 

affordable and clean energy for all and help reduce greenhouse gas emissions and the carbon footprint 

of the energy sector in the region. It promotes international policy dialogue and cooperation among 

governments, energy industries, and other stakeholders. The focus is on energy efficiency, cleaner 

electricity production from fossil fuels, renewable energy, coal mine methane, natural gas, 

classification of energy and mineral reserves and resources, and energy security. 

The main institution in providing the regional policy in energy development in the European 

region is the Committee on Sustainable Energy of UNECE. This is an intergovernmental body that 

provides member States with a platform for international dialogue and cooperation. The committee 

is mandated to carry out a program of work in the field of sustainable energy with a view to providing 

access to affordable and clean energy to all, in line with the “Sustainable Energy for All” initiative of 

the Secretary-General, and to help reduce greenhouse gas emissions and the carbon footprint of the 

energy sector, as presented on the official webpage of the UNECE. 

Following its current programme, UNECE has begun developing normative instruments like 

standards and best practice guidances in energy efficiency, renewable energy, natural gas, and 

methane. The reduction of the emissions of intensive greenhouse gas is considered as a proper 

management of methane. UNECE is helping countries improve management of their natural 

endowments through the United Nations Framework Classification (UNFC), an internationally 

applicable scheme for classifying and reporting energy and mineral reserves and resources and has 

recently published recommendations to policymakers on carbon capture and storage. 

In the longer term and to affirm its value-added, UNECE will need to continue and expand its 

work in three critical areas: reconciling the reality of fossil fuels’ enduring share of the energy mix 

with the need to address climate change, enhancing integration of the region’s energy markets, and 

facilitating the transition to a sustainable energy system. The transition to a new, sustainable, and 

reliable energy system can be accelerated if member States implement in a concrete fashion the 

measures called for in the Hammamet Declaration. The programme of the UNECE's Committee on 

Sustainable Energy will, therefore, continue to aim to: 

 improve energy efficiency from source to use; 
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 measure and correct energy market failures; 

 facilitate economic integration and cooperation and promote sustainable development; 

 reduce energy and carbon intensities; 

 minimize the impact of the energy sector on the environment from source to use; 

 ensure that energy production, conversion, and use is cost-competitive; 

 enhance cost-effective attainment of environmental goals through: 

-technology, including cost-effective renewable energy and carbon capture and 

storage; 

-raised full cost awareness; 

-increased capacity; 

 innovate constructively across the board in the organization of society, industry, and 

government; 

 facilitate the exchange of experience and expertise through dialogue and networking among 

the UN Member States, industry, NGOs and IGOs, academia, and the general public on 

energy. 

The Committee and its 6 subsidiary bodies are aimed to carry out concrete and results-oriented 

activities to achieve the specific objectives identified for each priority area and they will work in 

accordance with the “Guidelines on procedures and practices for ECE bodies” as adopted by the 

Commission session on 11 April 2013. Areas of work cover energy efficiency, cleaner electricity 

production from fossil fuels, renewable energy, coal mine methane, United Nations Framework 

Classification, and natural gas. The Committee will continue its energy security dialogue. 

 

Home task 

1. Analyze the official information of your country on the development and state governance 

in the energy sector. What statistical data and from what official sources are it possible to find? 

2. Please formulate 3 main problems of the energy development of your country. Is there a 

state policy in this area? 

 

Questions for the self-control 

Having analyzed the system of the sustainable development goals, explain how the SDG 7 

“Affordable and clean energy” is connected with: 

a) the SDG 8 “Decent work and economic growth”; 

b) the SDG 10 “Reducing inequalities”; 

c) the SDG 15 “Life on land”. 
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Part 2. Energy resources 

As shown before, the energy sector is a base for each economy. And the energy resources, as 

a base of the development of the energy sector of the economy, play a great role in the determination 

of the way and the level of economic development of each country. Availability, quality, the quantity 

of energy resources are the main factors here. Also, it is necessary to remember about the time factor: 

the situation in this sphere changes constantly, and sometimes very rapidly. Further, you will see 

some examples of the energy mix and we will discuss the situation with some types of energy 

resources. It is possible to say, that probably the least 200-300 years of the history of humanity was 

connected with most visible changes and challenges for the energy development virtually for all 

countries of the world, especially for countries of high level of industrial development and for the 

countries rich on different energy resources. 

Primary energy consumption 

Energy, “closed” in the world around us exists in different forms. It is possible to list some 

“traditional” sources of energy like gas, oil, wind, biomass. Also, it is possible to show the “non- 

traditional resources” that are relatively new for humanity. Among them, there are some “old 

acquaintances” too, like waste in example. Another one important “classification” means dividing the 

resources into renewable and non-renewable. And virtually all modern energy policies in the world 

are oriented on the possible active involvement of renewables into the production of energy. We can 

classify the resources according to different characteristics, but for the understanding of their 

availability and our possibility to use it we need to know the amounts of the consumption of resources. 

The primary energy consumption is an energy form found in nature that has not been subjected 

to any conversion or transformation process. It is the energy contained in raw fuels, and other forms 

of energy received as input to a system. 

Talking about the evolution of primary energy supply in the world it is possible to identify 

some trends and to suggest some scenarios of the global energy supply. First of all, currently, we are 

in the period of a huge increase of the role of renewables. These are various energy sources. Among 

them some very traditional like wind and biomass. And for the use of another part of renewables, it 

is necessary to apply some very special and modern technologies (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. World primary energy supply by source (source: www.dngvl.com) 

 

Thus, the availability of some sources is sometimes a little relative. There are a lot of examples 

of a perfect availability of wind resources on the coasts of the Arctic seas with a very small population 

density etc. 
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Another important thing to be noted is a visible increase in the total energy supply until 2010. 

After that, the supply is stabilized, and in the future, it is to expect a small decrease in the period up 

to 2050. The estimation presented above has been prepared by the Det Norske Veritas & 

Germanischer Lloyd company – one of the world leaders in consulting, evaluation, and management 

of risk. But, independent of the “authorship” virtually in all of the scenarios we see the evolution of 

the roles of resources and decrease of the fossil fuel role. 

So, according to the IEA, the input of the hydro energy increase from 1.8% in 1973 up to 2.4 

in 2012; oil – from 46.1 to 31.4% during the same period; coal – from 24.6 up to 29% etc. 

But in the future periods, especially visible after 2020, the role of oil and gas decreases 

significantly. In the previous lecture, you have seen the forecasts and some approaches to the 

regulation of the global energy policy. Another one important thing to be considered is an individual 

situation in the countries, especially in the main energy-exporting or importing countries. This 

distribution of the forecast for the period to 2040 is presented in the World Energy Outlook (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Primary energy mix: evolution according to the New Policies Scenario (Mtoe) 

(Source: World Energy Outlook-2016. OECD/IEA, 2016, www.iea.org) 

 

Scenarios presented in the World energy outlook mean not a simple “mechanically” change 

in energy production. The realization of each scenario depends of course on the availability (not only 

the technical availability but also on all other factors determining the possibility to use some 

resources) of several resources. But the most important role must play the international policy and 

readiness of each country to provide this policy solving own problems in energy development. 

Thus, according to the main scenario in the World energy outlook – 2016, it is necessary to 

expect a 30% rise in global energy demand to 2040. This means an increase in consumption for all 

modern fuels, but the global aggregates mask a multitude of diverse trends and significant switching 

between fuels. Moreover, hundreds of millions of people are still left in 2040 without basic energy 

services (Fig. 3). 
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Fig. 3. Modern tendencies in the energy development according to the IEA (source: 

World energy outlook, 2017) 

 

According to this scenario, the low-carbon fuels must become leaders in the period 2016-

2040, and the role of the fossil fuels goes down (in case of the coal the role reduces clearly). Thus, 

forecasting the availability and probable “lifetime” of several types of the resources (how much years 

will be else enough the quantity of the resource?..) and calculating their primary energy consumption 

we need to consider various aspects of their availability, characteristics of quality the resources and 

of course the demand in several countries of the world. 

Final consumption of energy resources 

Another “side” in the balance of the use of energy resources is their final consumption. 

This is the total energy consumed by end users, such as households, industry, and agriculture. 

It is the energy that reaches the final consumer's door and excludes that which is used by the energy 

sector itself. 

When calculating the final energy consumption, we exclude energy used by the energy sector, 

including for deliveries, and transformation. It also excludes fuel transformed in the electrical power 

stations of industrial auto-producers and coke transformed into blast-furnace gas where this is not 

part of overall industrial consumption but of the transformation sector. 

Final energy consumption in households, services, etc. covers quantities consumed by private 

households, commerce, public administration, services, agriculture, and fisheries. 

The energy end-user are private households, agriculture, industry, road transport, air transport 

(aviation), other transport (rail, inland navigation), services, and some others. 

Because of the loss of primary energy during its transformation, the final energy consumption 

is less than 70% of its initial offer: 8,500,000,000 tons, compared to 12.3 billion toe, or 11.8 billion 

toe compared 17.2 billion toe. 

Efficiency in developing other types of energy well below 100%. Thus, the efficiency of 

internal combustion engines used by the majority of vehicles is 40-50%. 

The final consumption of energy as a single source of electricity is taken into account. Its 

share in total final energy consumption, according to the IEA, is 17%. 

Some statistical information about the final energy consumption is presented in Table 1. 
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Table 1. Global final energy consumption (IEA, 2016) 

Resources Quantity, Mtoe % to the total 

Oil 3 506 41,6% 

Gas 1 315 15,6% 

Renewable sources, secondary raw materials, and waste 1 070 12,7% 

Coal and peat 826 9,8% 

Others 261 3,1% 

Electricity 1 450 17,2% 

Total 8 428 100% 

Total, tonnes of conventional fuel 11 799 100% 

Surely, each country is very individual with its “consumption tradition” – the level of energy 

efficiency, available technologies of energy use and production, properties of the resources itself, and 

finally political situation inside and abroad. For example, we can show the situation in Russia (Table 

2). 

 

Table 2. Final consumption of energy in the world economy: main consumers of energy 

in Russia 

Consumer The rate in the consumption of 

electricity 

The rate in the consumption 

of heat 

Industry (total): 48,9% 30,8% 

fuel 12,0% 7,6% 

ferrous metallurgy 7,1% 0,7% 

non-ferrous metallurgy 9,0% 2,1% 

chemistry and 

petrochemistry 

5,4% 8,9% 

engineering and 

metalworking 

6,5% 4,7% 

woodworking and pulp-

and-paper 

1,8% 0,9% 

building materials industry 2,1% 0,6% 

light industry 0,8% 0,6% 

food processing industry 1,4% 0,5% 

Agriculture 3,4% 1,2% 

Transport & 

communication 

11,5% 1,5% 

Building 0,9% 1,0% 

Housing and communal 

services 

14,0% 45,0% 

Population 8,0% 6,0% 

Others 13,3% 14,5% 

 

 

After the primary consumption, the final consumption structure transforms from the year to 

the year too. The main scenarios in the World energy outlook propose a visible reduction of the role 

of fossil fuels in the final energy mix from 67 up to 16%. And the role of renewables increases by up 

to 58% (Fig. 4). 

  



Management of energy resources 
A.P. Khaustov 
M.M. Redina 
P.Yu. Silaeva 

 

 

http://izd-mn.com/ 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Evolution of the power generation mix in the 450 Scenario (source: World Energy 

Outlook- 2016. OECD/IEA, 2016, www.iea.org ) 

 

This means not only change in the amount of the energy resources used, but also skip to the 

new technologies necessary for the production of the energy in a quantity and quality as forecasted/ 

planned. Thus, the evolution of the primary energy supply between 1993 and 2020 (Fig. 5) needed to 

apply always the most modern technologies for the production of always increasing quantities of 

nuclear power or hydropower that must be competitive from economical and environmental points of 

view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Total primary energy supply by source 1993, 2011, 2013 (Source: WEC Survey of 

Energy Resources 1995, World Energy Resources 2013 and WEC World Energy Scenarios to 2050) 

 

As you see, it is possible to compare the role of several resources in primary and final energy 

consumption. There are not some revolutionary changes in energy mixes during relatively short 

periods, but the role fossils decrease constantly. 
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Even in the “fate” of each energy source, there is to be found some variability. It is possible 

to show this on the example of the bioenergy development. First of all, this is not new, to get energy 

from biomass. But the use of modern technologies allows using the chemical energy of biomass more 

efficiently. In addition, it must become more environmentally friendly. It is to be noted that this source 

of energy can be used for the production of electricity as well as heat and transport fuels. In industrial 

renewables consumption, the bioenergy contributes 2/3. Some limitations and environmental 

problems connected with the production of bioenergy will be shown later. Let us look at the input of 

the bioenergy in the final consumption in the world (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Leading renewables (Source: OECD) 

 

Among all the renewables, the bioenergy brings up to 50%. Use of bioenergy from different 

sources and applying various technologies, we receive energy for electricity, heat, and for the 

production of transportation fuels. The input of bioenergy Is the highest by the production of heat and 

for the production of transport fuels. Production of electricity is not so wide developed – much more 

renewable energy comes from hydropower plants. Thus, forecasting the global tendencies in the 

development of renewables it is necessary to take into account also the specificity of the final 

consumption. The final users (consumers) of energy have their own trajectory of the development. 

This connection is bilateral: energy supply provides the basis for the economies. And the branches of 

economies change in time and need more or less energy in several periods of their development. 

The same is about all other energy resources. Now we will get acquainted with some facts 

about the distribution of energy resources. One of the most “frequently asked questions is the 

durability of the “age of … some resource”. Thus, there was a lot of forecasts for the exhaust of 

hydrocarbons or about the sufficient production of bioenergy and its challenges. But this is not simple 

arithmetic. Also the demand for energy to be considered. 

Resources of hydrocarbons 

The hydrocarbon energy resources presented in various forms. Quantitative assessments show 

that most active used hydrocarbon resources are not always the most significant in amount. The 

distribution of quantities of several resources you see on the next slide. 

Traditional resources: hydrocarbons, heavy oil and bitumen, oil, and gas in low-permeability 

reservoirs are 3.5x1012 tons of oil equivalent (TOE). Particularly high among the non-traditional are 

the geological resources of gas hydrates of land and water areas of and aqueous gas of continents 

(Fig. 7). 
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Fig. 7. Global potential geological resources of hydrocarbons (Source: Lavyorov N.P., 

2004) 

 

After the aqueous gases and gas hydrates there follow the oil and gas deposits in the low- 

permeability reservoirs. Involving these resources into the economy needs the application of special 

technologies, sometimes expensive. Only after that, we see the amounts of “traditional” resources 

like oil and gas and gases in coal-bearing sediments. 

And of course, the “traditional” oil and gas (and also the shale oil and gas) are currently the 

main “policymakers” – not for the energy policy only but also for the global economic development. 

World reserves of hydrocarbons and the dynamics of their development: OIL 

According to the OPEC bulletin (2018), the world proven oil reserves are 262.5 billion barrels 

(Fig. 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. World oil reserves (source: OPEC Annual Statistical Bulletin 2018) 

  

The main oil-producing countries are Venezuela, Saudi Arabia, Canada, Iran, and Iraq. The 

share of 10 countries that have reached the highest level of oil recovery - up to 65% of its annual 

global production (> 2.5 billion tons/year). 
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Among oil-producing countries, the leaders are OPEC members – about 80% of total oil 

production in the world. All the rest countries give only about 20%. Thus, it is possible to see that 

this is the OPEC policy can determine the oil price dynamics. 

The quality of oil and its characteristics vary significantly from deposit to deposit, and even 

on the same oil deposit, we can see the difference of oil composition in different oil wells and on 

different periods of oil production. Thus, forecasting the prospectives of oil production it is necessary 

to consider the quality of a product and the possibility of its use for several technological processes. 

In this chapter we do not discuss the environmental consequences of oil production, 

transportation, and storaging – you see these issues in the next parts of the course. 

As shown above, there are different scenarios of the energy development of the world energy 

sector and the economy at all. But virtually in each of the scenarios, we see the reduction of the role 

of this energy source in the future. This is due not only to the exhaustible character of oil and stable 

dynamics of the increase in the prices of oil production. this is really the truth, that the new deposits 

are mostly more difficult for the exploration and need the application of the more complete 

technologies. As the more significant factors act of causing the environmental consequences and 

possible influence on climate change. 

World reserves of hydrocarbons and the dynamics of their development: natural gas 

Natural gas is a much more “environmentally friendly” energy source than oil. When 

combusting the natural gas, there is the minimal production of the polluting substances. The best 

compositions of natural gas including more than 90% of methane (as i.e. in Yamal gas, Russia). In 

other cases, the composition can include sulfur compounds and some other components. By the 

combustion, this leads to the formation of some adverse substances. 

Currently, cumulative world production of natural gas fuel (free and associated) - 90.0 trillion 

m3. Over the past 20 years, natural gas production has increased by 1.7 times. Explored proven natural 

gas reserves in the world - about 190 trillion. m3. Total recoverable global gas resources - 460-480 

trillion м3:: 

 Russia - more than 45%; 

 Middle East - 17-18%; 

 Africa - 6%; 

 North America - 4-5%. 

According to modern assessments, the world gas reserves can be used up to 150 years else. 

But in general, this is only a forecast based on modern production and demand amounts. The basic 

scenarios show in any case reduction of natural gas production in the world in the next decades. So, 

the natural gas endowment can be re-evaluated. 

And of cause, a very important role belongs to the “competition” between the energy sources. 

For example, the last 10 years all the world has been expected the “shale gas revolution”. In reality, 

these expectations were too brave, and there are a lot of environmental consequences as well as 

technical problems with these technologies. But the market situation was changed as well as all the 

forecasts of the natural gas demand. 

World reserves of coal 

Coal is one of the leaders in world energy production. According to modern statistics, over 

the past 20 years, the world has produced more than 1.0 trillion. t coal and brown coal (without 

coking). 

Explored proven reserves of coal in the world exceed 850.0 billion tons, with total proven 

reserves of 3.6 trillion. t. 

Among the world leaders in coal production there are United States, Russia, China, Australia, 

and India (slide 13). The world reserves of coal are distributed not homogenous around the world and 

the world leaders in production may have these reserves. Reserves of coal for electricity production 

planned levels are sufficient not only for the XXI century but for a longer time. The development of 

"coal" power is constrained by high levels of greenhouse gases, heavy pollution of the environment, 

as well as the high cost of production and transportation of coal (Table 3). 
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Table 3. the World Coal Reserves (top 10 countries, source: 

https://www.worldometers.info/coal/) 

 Country Coal Reserves (tons) in 2016 World Share 

1 United States 254,197,000,000 22.3% 

2 Russia 176,770,840,800 15.5% 

3 Australia 159,634,329,600 14.0% 

4 China 149,818,259,000 13.1% 

5 India 107,726,551,700 9.5% 

6 Germany 39,802,209,480 3.5% 

7 Ukraine 37,891,906,250 3.3% 

8 South Africa 35,053,458,000 3.1% 

9 Poland 28,451,723,410 2.5% 

10 Kazakhstan 28,224,647,550 2.5% 

 

For the production and use of coal, we can list a large complex of negative environmental 

consequences connected with environmental pollution and climate change. Despite the political 

decision to reduce the role of non-renewables, it stays till now one of the most “popular” and 

economically efficient sources of energy. One argument for the development of coal deposits is also 

social effects. In many cases, coal-producing companies are the central objects for all the economic 

development of the regions. 

Global resources of nuclear power 

This type of energy resource is very specific and in a certain sense, no one country needs the 

presence of nuclear energy sources on their own territory to produce nuclear power. Currently, 31 

countries of the world produce nuclear energy. There are not many countries capable of organizing 

on their territory a full production cycle related to nuclear energy. These are all stages from uranium 

mining and its preparation for energy production and waste disposal. These are really complete 

technologies requiring high-quality staff and modern technologies, i.e. environmental protection 

technologies. 

Some environmental problems and risks connected with nuclear energy production will be 

discussed in the next chapters. These problems lead to a change in the state policy of nuclear energy 

development. So, there are some countries that stopped nuclear power plant (NPP) exploitation: Italy 

i.e. closed MPP since 1990. Other countries like Lithuania, Kazakhstan, and Armenia are planning to 

reintroduce nuclear power in the future. The attractiveness of nuclear energy is its relative 

‘cleanliness’ in the normal regime. But every time after some incident we come to the questions about 

risk prevention and the possibility to substitute the NPP with some other resources. 

According to the data of IEA and the World Nuclear Association1, the top 10 countries on 

production of electricity using the NPP are United States, France, Japan, China, Russia, Republic of 

Korea, Canada, Ukraine, Germany, Sweden (Fig. 9). 

Table 4. Nuclear power by country in 2020 (top 10 countries): number of operable nuclear 

reactors worldwide as of April 2020, by country 

Country Number of reactors 

United States 95 

France 57 

China 47 

Russia 38 

Japan 33 

South Korea 24 

India 22 

Canada 19 

United Kingdom 15 

Ukraine 15 
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Leading position in the uranium mining until 1991 held the USSR. In Russia, uranium mining 

since 1992 has dropped to 2.5-3.5 t/ year (7-8% of the world level). Prior to 2005, half the world's 

uranium concentrate produced in Canada and Australia. Since 2008, the three leaders entered 

Kazakhstan. In 2010, with the level of uranium that exceeded 10.0 million tons/year, Kazakhstan 

came in first place in the world. 

The world's total reserves of uranium reach 5.0 million tons, but not all of them are 

economically efficient. The total production of uranium over the lifetime of the nuclear industry has 

exceeded 2.5 million tons in the reactors used by 1.9 million tons. Nearly 500.0 thousand tons of 

uranium tailings in an isotopic enrichment waste. 

Currently, according to the NEA, the global distribution of identified resources among 

countries (either major uranium producers or have significant plans for the growth of nuclear-

generating capacity) is presented on Fig. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Global distribution of the Uranium reserves (source: BGR; 

https://www.statista.com/chart/12304/countries-with-the-biggest-production-volume-of-uranium/) 

 

Assumed, these leading countries are endowed with over 90% of the identified global resource 

base in this cost category (the remaining 5% are distributed among another 22 countries). The 

widespread distribution of uranium resources is an important geographic aspect of nuclear energy in 

light of the security of energy supply. 

World resources of hydro energy 

The hydro energy is indisputably renewable, but its environmental friendliness is 

questionable. As it said usually, this energy is renewable but not green. All the environmental 

consequences and limitations will be discussed in the next chapters. Now let us look at the distribution 

of the hydropower plants in the world. 

First of all, this source of energy is of cause strongest connected with the availability of water 

resources at al. even inside the one country, it is possible to find regions with better or wicker water 

resources availability. 

The top 5 countries producing hydro energy are China, Canada, Brazil, USA, Russia. On Fig. 

10 you see the input of countries in the energy production (installed capacity). 
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Fig. 10. Worldwide hydropower installed capacity. Source: hydropower.org/statusreport 

 

As shown, China is the largest producer of hydroelectricity. The total amount is 1,180 

terawatt-hours of energy in 2016. On the territory of China, there is the world’s largest hydroelectric 

power station, the Three Gorges Dam, located on the Yangtze River. But in addition, China is a 

serious importer of hydro energy: some Russian HPP is oriented on the production of energy for 

China. 

Brazil produces more than 70% of electricity using HPP. Currently, there are 158 HPPs in the 

country. 9 stations else are under construction, and the other 26 that have been authorized. The Itaipu 

Dam on the Parana on the Brazil-Paraguay border is the world’s second-biggest HPP. Another one 

largest HPP is the 11-GW Belo Monte plant (expected, the third world largest HPP). 

Canada generates 60% of electricity by the HPPs, with this renewable source of energy 

expected to increase up to 295% by 2050. 

In the US there is 6.5% of electricity produced on HPP. Most of the hydropower comes from 

facilities that have been around for many years. The average plant has been in operation for 64 years. 

The hydropower production in the US is expected to grow from 101 gigawatts (GW) of combined 

generating and storage capacity in 2015 to nearly 150 GW by 2050. 

Russia gets around 17% of the total power generation mix and around 99% of the total 

electricity generated from renewable sources. These impressive numbers are due to the use of the 

“renewable – but – not green” hydropower. There are also small-scale HPPs under construction in 

Russia. 

Our country is the second in the world in terms of hydro potential, yet only 20% of this 

potential has been developed 
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“The new hydrocarbons”: shale gas 

Among the non-renewables, shale gas is perhaps one of the most discussed and controversial 

issues. This is due to the big expectations connected with the replacement of natural gas with shale 

gas in the last decade. 

What is shale gas and why is it not the same that the traditional natural gas? First of all, it is 

of cause natural too. But this kind of gas contains much lower amounts of the burnable gases with 

good heat productivity. In reality, its calorific value is 2-3 times lower. 

2010 Europe started nine exploration projects on shale gas, of which five are in Poland. The 

cost of drilling an exploration well - $ 20 million first gas from a depth of 1620 m obtained in the 

well Markovolya-1 (Markowola-1). 

Potentially available resources of the planet are estimated at about 200 trillion. m3. Intelligence 

necessary for 30-50 years, obtained with the figure of geological reserves is likely to be 1.5-3 times 

less. 

The global shale gas basins according to Reuters are presented on the Fig. 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Global shale gas basins. Source: Reuters: IEA, BP 

Due to the strong adverse environmental consequences of the shale gas production, there are 

till now discussions about the necessity to develop this type of hydrocarbon resources. Currently, 

some countries having reserves of shale gas do not have any plans to develop it. This point of view 

is due to the different causes: sometimes, there are more environmentally friendly and economically 

efficient resources are available (like in Russia). In other cases, the country is not ready to implement 

new technologies. Sometimes these technologies do not pass the environmental assessment. 

In any case, the necessity to involve some new energy source into the economy must 

determine the state. 

So, we come to the last part of the lecture today – energy poverty. 

Energy poverty 

Energy poverty is a lack of access to modern energy services. These services are defined as 

household access to electricity and clean cooking facilities (e.g. fuels and stoves that do not cause air 

pollution in houses). 
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It is easy to see, that energy poverty is a “product” of a small number of available resources 

in the country and, on another hand, of a high level of energy consumption. This can be relatively 

low consumption by each citizen, but a big total consumption because of the growing population.  

In the reports of the IEA, the Energy Poverty Action initiative of the World Economic Forum 

is described as following. "Access to energy is fundamental to improving the quality of life and is a 

key imperative for economic development. In the developing world, energy poverty is still rife. 

Nearly 1.6 billion people still have no access to electricity". The absence of electricity leads to the 

necessity to use another “variant” of energy. So, there a lot of health effects are due to the use of a 

chip and available, but not healthy biomass combustion energy in households. 

The so-called Domestic energy poverty is a situation when a household does not have the 

access/ cannot afford to have the basic energy or energy services to achieve day to day living 

requirements. These needs are not something fantastic. These are lighting, cooking energy, domestic 

heating, or cooling). As a consequence, we see a risk of the energy ladder: as income increases, the 

energy types used by households would be cleaner and more efficient, but more expensive as moving 

from traditional biomasses to electricity. 

It is to be noted that the “map of energy poverty” is in compliance with the general economical 

level of a county. 

As you see, energy poverty is really one of the greatest challenges even for the relatively rich 

in energy resources countries. The significance of this problem requires the attention, not of the own 

governments of the countries facing this problem. The UN Advisory Group on Energy and Climate 

Change suggest the following steps to eliminate the problem: 

Goal 1: Eradicate extreme poverty and hunger. Access to modern energy facilitates 

economic development by providing more efficient and healthier means to undertake basic 

household tasks and means to undertake productive activities more generally, often more cheaply 

than by using the inefficient substitutes, such as candles and batteries. Modern energy can power 

water pumping, providing drinking water, and increasing agricultural yields through the use of 

machinery and irrigation. 

Goal 2: Achieve universal primary education. In impoverished communities’ children 

commonly spend significant time gathering fuelwood, fetching water, and cooking. Access to 

improved cooking fuels or technologies facilitates school attendance. Electricity is important for 

education because it facilitates communication, particularly through information technology, but also 

by the provision of such basic needs as lighting. 

Goal 3: Promote gender equality and empower women. Improved access to electricity 

and modern fuels reduces the physical burden associated with carrying wood and frees up valuable 

time, especially for women, widening their employment opportunities. In addition, street-lighting 

improves the safety of women and girls at night, allowing them to attend night schools and participate 

in community activities. 

Goals 4; 5; and 6: Reduce child mortality; Improve maternal health; and Combat 

HIV/AIDS, malaria, and other diseases. Most staple foods require cooking and reducing 

household air pollution through improved cooking fuels and stoves decreases the risk of respiratory 

infections, chronic obstructive lung disease, and lung cancer (when coal is used). Improved access to 

energy allows households to boil water, thus reducing the incidence of waterborne diseases. Improved 

access advances communication and transport services, which are critical for emergency health care. 

Electricity and modern energy services support the functioning of health clinics and hospitals. 

Goal 7: Ensure environmental sustainability. Modern cooking fuels and more efficient 

cookstoves can relieve pressures on the environment caused by the unsustainable use of biomass. 

The promotion of low-carbon renewable energy is congruent with the protection of the environment 

locally and globally, whereas the unsustainable exploitation of fuelwood causes local deforestation, 

soil degradation, and erosion. Using cleaner energy also reduces greenhouse-gas emissions and global 

warming. 

Goal 8: Develop a global partnership for development. Electricity is necessary to power 

information and communications technology applications. 
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Home task 

Identify the leading energy resources in your region. How high is the amount of energy 

produced using each of them during the last 5, 10, 50 years? 

 

 

Questions for the self-control 

1. Are there some changes in the energy mix of your country? What are the reasons of these 

changes? What are the forecasts for the next 10 years? 

2. What most efficient measures could you suggest for solving the problems of energy 

poverty? Make some suggestions on the example of some countries. 
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Part 3. Energy security and energy efficiency  

Energy security 

Among the 17 sustainable development goals, the goal Nr. 7 means production and use of 

clean energy, and it is closely connected with all the complex of goals. Increasing efficiency in only 

one direction it is impossible to reach any progress in the rest 16. Speaking about affordable and clean 

energy we can guarantee this only making the real integrated development strategy. 

The “purity” or environmental friendliness of energy is only one side of the problem. It is 

necessary to provide efficient use of the energy we produce, or we have a risk to come to energy 

pollution. This is this thing we take into account describing the “heat island” in cities or trying to 

reduce losses od heat when the windows are not insulated enough. 

At the beginning let us get acquainted with some basic definitions: what is energy security, 

what are risks and threats for energy security, what are the factors of energy security. 

First of all, the definition of energy security depends on who’s side are we now: if we are 

exporting country or energy importing country – this will determine our position. 

In the general case, energy security is the confidence that the energy will be available in the 

quantity and quality that is required in the present economic circumstances – this is the definition of 

the World Energy Council. 

This is a very general definition; it needs to be detailed and extended. As we have seen it in 

the previous chapter, the necessary quantity is a debatable question. We can only forecast with any 

level of accuracy the future demand for energy resources and the necessary amount and quality of 

energy we will use. Thus, the energy policy in many states was reviewed. 

Currently, energy-importing countries are moving from a comprehensive policy of protecting 

the national economy from potential disruptions in the supply of energy to the formation of each of 

the states or their unions combined guarantee of receiving foreign sources of energy in exchange for 

exporters access to their markets. 

For energy-exporting countries, energy security is: 

 maintenance of the sustainable operating of the energy complex and supply of the national 

economy with its products, 

 achieving stability exports (but not at the expense of the needs of the economy for energy), 

 create the conditions for successful competition of its own energy companies in foreign 

markets. 

For example: in Russia, energy security is determined as a state of protection of the country 

against internal and external threats to the functioning of the energy sector. These threats can be 

caused by internal or external factors on different levels of the economical system. In a few words, 

all the factors can be described as shown in fig 1. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Main factors of energy security 

First of all, to provide energy security it is necessary to provide the ability of the energy sector 

to ensure an economically viable domestic and external demand enough energy corresponding 

quality. As said above, to plan these moments we need a good forecast based on the reliable models 

of energy production and consumption. 
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The next important factor is economic affordability: the ability of the consumer sector to use 

energy efficiently. This means, to prevent wasteful expenditure society for its energy supply and the 

scarcity of fuel and energy balance. 

And the third important factor is technological affordability: sustainability of the energy sector 

to external economic, political, technological, and natural hazards, as well as its ability to minimize 

the damage caused by the expression of these factors. These are unfavorable situations on world oil 

prices, non-payments, investment slowdown, natural disasters and major accidents, foreign military, 

political and economic shares. 

What are the threats to energy security and sustainable energy development in general? 

Threats to energy security include a set of conditions and factors creating extreme situations 

in the systems of fuel and energy supply of the consumers that are dangerous for the normal 

functioning of these systems, and hence the vital interests of the individual, society, and the state. 

Traditionally, one of the main threats inside of many countries are connected with not quite 

efficient use of energy. It is possible to estimate it taken into account the “energy price” of each unit 

of the Gross domestic product of the country. The energy efficiency of economy sectors can be 

compared using the consumption of energy resources per capita. 

Thus, the consumption of oil and oil products per capita in OECD countries over the past 12 

years has increased by 10.4% - from 1742.5 to 1923.8 kg. Energy consumption as a whole grew even 

faster: in 12 years, from 4.1 tons (oil equivalent) - up to 4.6. 

In comparison with the Nordic countries, the average Russian consumes fuel, and energy is 

much smaller: a resident of Sweden at 42%, Finland 47%, Canada - by 1.9 times. In other words, the 

Russians now consume resources as much as they consumed the inhabitants of Scandinavia in the 

late 60's - early '70s. 

The quantitative assessments of energy efficiency can be calculated for different levels. An 

example of the national level is presented in the following scheme (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Components of the national wealth 

The energy potential is understood as a constellation of resources (means) for the production 

of useful work and obtain useful results. The ergatic capital includes costs estimate of the potential 

(energy) resource for the production of useful work (erg = work). And the national wealth is 

considered as a purpose and potential for development. Under these conditions, the national wealth 

is calculated as a difference between the assets and liabilities: 

NW = ∑ А (assets) – ∑ L (liabilities), 

Where the assets include: 

 Natural resources, 

 Tangible (physical) assets, 
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 Financial assets (GCR + investment + ...); 

 Intangible assets, including human capital, social capital and 

The liabilities are industrial and social costs; the depletion of natural resources, depletion of 

demographic resources. 

It is easy to see, that the energy resources are one of the biggest parts of the national welfare 

and the base for the development of other parts of it. 

The opportunities for energy security include the following positions. 

 Diversification of energy sources: the economy should not be overly dependent on any one 

source of energy; unacceptable monostructure energy 

 Environmental acceptability, that is, the development of energy should be accompanied by an 

increase in its negative impact on the 

 Sustainable consumption of traditional hydrocarbon resources, that is, the use of fossil fuels 

in the energy sector should not lead to a shortage of it for the chemical 

 The transition from raw material supplies to international cooperation in the field of 

processing of energy resources, the exchange of the latest technologies, broad cooperation in 

the investment sphere, as well as in the development of modern standards of energy 

conservation. 

 High rates of development of renewable energy sources will reduce the dependence of the 

world economy on oil and gas production and minimize the cost of transportation of energy 

 Intensification of international research in all branches of 

Energy efficiency 

Generally, any kind of efficiency means that we compare the “product” and the “price” of its 

production. We can speak about the efficiency of some technology and compare the properties of the 

product with the initial quantity and quality of raw material. Thus, we can produce iron using some 

ore and we will get some quantity of the steel of better or lower quality. The best technology allows 

for producing more good products for the lowest price, using fewer resources, more environmental-

friendly etc. 

The same is with the concept of energy efficiency. But here we can consider the efficiency on 

different levels – from some individual technology or even for some individual process to the level 

of a national economy. And there are some important concepts to be considered. 

In general, the energy efficiency is efficient (rational) use of energy resources: the achievement 

of economically justified efficiency of energy resources at the current level of engineering and 

technology and ensuring compliance with environmental regulations. 

The efficient use of energy, or "fifth type of fuel" means using less energy to provide the same 

level of energy supply of buildings or processes at work. 

As an example, in the Russian legislation energy efficiency - characteristics reflecting the ratio 

of the useful effect of the use of energy resources to the cost of energy produced in order to achieve 

this effect, with respect to products, processes, entity, individual entrepreneur (Federal Law of 

November 23, 2009, N 261-FZ "On energy saving and energy efficiency improvements and on 

amendments to certain legislative acts of the Russian Federation). 

The last position is especially important because of the great problem – a visible low level of 

energy efficiency in some sectors of the Russian economy. That is why in our country there was 

developed a special state policy on the improvement of energy efficiency. 

To make a numerical assessment of the energy efficiency on different levels and for different 

objects, the following calculation approaches are traditionally applied. 

 The general assessment efficiency means the relationship between the results and costs 

taken in the units that are preferable for the current task – these can be monetary units or 
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energy or natural measures like amounts of products and resources used for their 

manufacturing: 

Ef = Result / Costs 

 

 For the fuel complex the evaluation model includes the following components:  

Ef = GDP/ (Fuel&energy resources consumption + Δ Fuel&energy resources (export)) 

 For the national economy: 

Ef = ΔNational capital (increase)/ Δ National capital (costs) 

 For the regional economy:  

Ef = Δ Life quality/ ΔFuel and energy resources 

 For the level of a company:  

Ef = Capitalization/ ΔFuel and energy resources (value) 

 For individual technology:  

Ef = Cost of production / Outlay 

 For the individual plant:  Ef = Coefficient of efficiency  

 

 

So, the general model of efficiency compares the result and the costs of it. 

Evaluating the efficiency of the national economy we compare the increase of national capital 

and increase of the costs of the national capital. 

To understand the efficiency of a fuel complex it is necessary to calculate the relation of a 

Gross domestic product with a sum of the change in energy resources consumption and their export 

etc. 

Finally, for the individual plants, we use aт efficiency factor (or the coefficient of efficiency) 

as an assessment value. 

Development of the state policy in the countries of the World is aimed in many cases on the 

improvement of energy efficiency. Thus, it is very important to form a policy in this direction. As an 

example let us take some positions of the Russian state policy. As one of the basic parts of the 

implementation of this policy was developed a federal low that suggests the following steps: 

 promotion of investment in the field of energy-saving and energy efficiency; 

 promoting the use of energy service contracts (contracts); 

 promoting the development and use of objects, technologies with high energy efficiency; 

 assistance in the construction of apartment buildings with high energy efficiency class; 

 support for regional and municipal programs in the field of energy conservation and energy 

efficiency, which should, in particular, the achievement of the most ambitious targets of 

energy saving and energy efficiency; 

 implementation of programs to stimulate the production and sale of goods, which have high 

energy efficiency in order to ensure they are in the number of satisfying consumer demand, 

at the same time prohibits (limited) production and turnover are similar in the purpose of use 

of the goods resulting from the use of which may be inefficient consumption energy 

resources; 
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 assistance in the implementation of educational activities in the field of energy-saving and 

energy efficiency, and information support of energy saving and energy efficiency; 

 other information provided by the legislation on energy saving and energy efficiency areas. 

Thus, these are measures to be implemented on the level of a state. It is possible to say that 

they take into account the state of energy efficiency in Russia. But in our opinion, they are quite 

universal and can be useful in different countries. But what about the level of companies and 

enterprises? 

Energy management systems 

Energy management is a modern approach to the organization of the efficient and sustainable 

use of energy resources. This means not only the production stage. No less important is the demand 

and consumption of the produced energy. 

And one of the even more popular decisions here is an implementation of energy management 

systems for the industrial enterprises and organizations. On its “construction”, the energy 

management system is similar to the quality management and environmental as well as occupational 

health and safety management systems. Combination of these approaches to the management helps 

to provide efficiency and sustainability of organizations based on the implementation of management 

systems: 

o Quality management (according to ISO 9001); 

o Environmental management (according to ISO 14001 et al. or similar standards); 

o Occupational health and safety management system (according to OHSAS 18001 et 

al. or similar standards); 

o Energy management (according to ISO 50001 or similar standards). 

The efficiency of the energy management systems is first of all due to the opportunity to save 

energy and to save money. In general, the implementation of energy management systems contributes 

to: 

o Active management of energy consumption and costs, reduce the sensitivity of a 

change in the price of energy resources 

o Permanent reduction in energy intensity (energy use per unit of output) 

o Documentation of savings for internal and external use (for example, loans on 

greenhouse gas emissions, compliance with laws on reporting) 

o Optimal use of staff and resources 

o Reduction of emissions without lost productivity 

Comparing the opportunities of the energy management systems, it is useful to get acquainted 

with the experience of some most successful companies like Dow Chemicals, Toyota, etc. 

In general, the company introducing the energy management system gets the following 

preferences: 

o Achieved systematicity in the management 

o Help to identify and focus on the most important energy consumers 

o Help define and focus on the staff, the most significant from the point of view of 

energy consumption 

o Focus on data and numerical methods 

o An integrated approach to the managing of staff; divisions; budget 

o Continuous improvement 

A short history of the development and implementation of energy management systems in the 

world is presented further. 

o 1985 - introduced by the British Standard BS 8207:1985 «Code of Practice for Energy 

Efficiency in Buildings", is still in effect with minor amendments made in 

o American National Standards Institute (ANSI) and the Institute of Electrical and Electronics 

Engineers (IEEE) has developed standards ANSI / IEEE 739:1995 «Recommended Practice for 

energy management in industrial and commercial enterprises" and ANSI / MSE 2000:2005 

«Energy Management " 
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o Danish standard DS 2403:2001 - the first standard that provides organizations a complete 

guide to energy management 

o 2009 published European standard EN 16001:2009, which has received national status in 17 

European 

o In 2008, the International Organization for Standardization (ISO) began developing a new 

international standard ISO 50001 (Energy Management System - Requirements with guidance 

for use). For this purpose, is organized a new technical committee ISO / TC 242 "Energy 

Management". 

o In Europe (as of end-August 2011) by the certification bodies (Det Norske Veritas, BSI, 

Lloyd's Register, TÜV Nord, TÜV Austria, DQS, etc.) was issued 45 certificates of compliance 

for the energy management system. Among the companies that have received them - Siemens 

Ltd (Dublin), Audi (Ingolstadt), Bayer Crop Science, LG Electronics India Pvt Ltd, Telekom 

Austria (Vienna). 

It is to be noted that currently there are few relative similar standards of energy management 

worldwide. These systems have some procedure differences. One of the most popular standards is the 

international ISO 50001 standard – “Energy Management System - Requirements with guidance for 

use”. In the focus of this standard are different types of energy, renewable, non- renewable, and 

secondary. 

The energy management system (EnMS) is considered as a set of interrelated or interacting 

elements of the organization on the formation of energy policy, setting goals, developing measures 

to achieve these objectives 

Energy efficiency means a quantitative relation between the energy produced goods and 

services produced and consumed energy. 

Purpose of ISO 50001 is to “... enhance implementation in the organization's systems and 

processes to improve the energy data." 

The object of the ISO 50001 is the “..specifies requirements for the use of energy and to 

energy consumption, including measurement, documentation and reporting practices of the design 

and supply of equipment, systems, processes, and personnel, affecting the Energy Data 

The general schema of the implementation of ISO 50001 based management system is the 

following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Main components of the ISO 50001 implementation cycle 

As examples of energy efficiency, we can remember conversion efficiency, the ratio of the 

required amount of energy consumed by the quantity, output to the input, the ratio of the theoretical 

consumption of energy required for the job, the actual flow rate. 
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The main purpose of the ISO 50001 is to enhance implementation in the organizations the 

systems and processes to improve the energy data. The standard is applicable to all organizations. 

The object of the ISO 50001 

“.. specifies requirements for the use of energy and to energy consumption, including 

measurement, documentation and reporting practices of the design and supply of equipment, systems, 

processes, and personnel, affecting the energy data. 

When implementing several new management systems, it is necessary to consider all the 

possible threats and benefits. Sometimes the result is expected to be not so impressive. But in the case 

of energy management, as shown before, we see visible improvements and even economic efficiency. 

Thus when implementing the energy management system the following threats and benefits to be 

taken into account 

Threats: 

 The appearance of new barriers to limit sales of energy-intensive production of enterprises to 

foreign 

 Significant reduction in government revenues in proportion to decrease sales in foreign 

markets (metal products, fertilizers, machinery, and metal hardware). 

 Declining competitiveness of export-oriented enterprises in the future in a significant period 

of global growth in energy prices. 

 The stagnation of the modernization process in the industry due to lower profitability 

Benefits: 

 The transition to a unified management model, generally accepted in the world. 

 The breakdown of many barriers that remain from the period of cheap energy and a centralized 

economy. 

 The gradual reduction of energy costs to the European 

 Promote the modernization of enterprises and municipalities. 

There is a set of concepts connected with the concept of energy performance staying in the 

center of ISO 50001 regulation (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Energy performance components 

In any case, the main object of regulation in the energy management system is the energy 

parameters. This is a broad term that includes the concepts of "energy efficiency", "energy intensity", 

"energy intensity", etc. Energy efficiency - the main component of the energy parameters. assessing 

the energy efficiency we use some indicators describing this concept. 

Energy efficiency indicators should be determined because of the need for energy efficiency 

and compliance with other requirements. A list of indicators of energy efficiency varies according to 

the degree of their difficulty. The organization determines essential for her energy efficiency. 

The goals for energy efficiency are the clearly defined requirements for the organization or its 

individual units, which are derived from the objectives and specific needs. As a result of these 

requirements is achieved the implementation of goals and objectives. 
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The tasks in the field of energy efficiency is a certain desired outcome or performance of tasks 

for energy efficiency 

The energy parameters - measurable indicators related to energy use. 

Energy Performance Indicator (EnPI) - a quantitative measure of energy efficiency, defined 

by the organization. 

The utilization of energy rate - energy use accounting for substantial energy consumption and 

/ or having a significant potential for improving energy efficiency. 

Continuous improvement - a periodic activity to increase energy efficiency and improve the 

energy management system. 

All the energy performance indicators can be divided into two groups: 

 Indicators based on operational data (lagging), and 

 Indicators linked to EnMS implementation (leading) 

Energy performance is commonly assessed with ‘lagging indicators’ which are retrospective 

metrics based on actual operational data, reflecting the as-is situation on energy performance: 

 Operational level indicators: typically relatively simple process functions calculated on a 

semi- or fully-continuous basis serving to measure and monitor energy usage over the short 

term, down to a single unit/facility. 

 Site-level indicators: based on aggregated data from the site and are commonly calculated 

on a quarterly or yearly basis. They serve to measure and monitor the energy efficiency of 

the site over time and/or against 

 Absolute energy consumption (in units of energy per year) may be used for management 

and/or financial reporting purposes but is of little interest as an energy performance 

indicator because it does not refer to the corresponding level of 

 Specific energy consumption (expressed in units of energy per unit of production or 

feedstock processed) is a commonly used indicator. It is often referred to as energy intensity. 

This is, however, of limited use for comparison or benchmarking of facilities of different 

complexity or asset type (e.g. gas field/plant vs. oil field). 

 Corporate level indicators. In complex organizations, central monitoring and 

communication with corporate management can be facilitated by company-wide 

consolidated indicators. 

Implementation of an EnMS provides the opportunity to develop so-called ‘leading’ indicators 

which, although not directly related to energy performance, monitor the achievements in the key work 

processes or management approaches, reflecting the status of implementation of certain EnMS 

elements: 

 number of energy inventories done; 

 percentage of completed energy assessments compared to plan; 

 number of energy-related non-conformities (where operational practices or equipment meet 

company standards or good practice); 

 percentage of energy-related improvement actions completed compared to plan; 

 percentage of supplier assessments where energy has been included; and 

 coverage of sites with 

The algorithm of ISO 50001 action is similar to the ISO 9001 or ISO 14001: we begin with 

the identification of problems, their ranking, and development of a policy after that follow the 

implementation of the improvement measures, control, and correction (in case they are necessary). 

In the case of the ISO 50001, we work on the correction of the energy performance parameters and 

achieve the best level of energy efficiency of our organization saving energy resources. 

And now let us look at the problem of energy efficiency from another side – let us get 

acquainted with the green building standards. 

Green building standards 

The main purpose of this group of standards is to provide resource efficiency of different 

buildings, independent of their function: industrial, resident or cultural or office, etc. 
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Further, there are some widest used systems of green building standards are presented. 

BREEAM 

This method of certification was developed in 1990 by the British company BRE Global and 

has been used worldwide. 

Within BREEAM, BRE Global supports the Council for sustainable development 

representing the shareholders of the largest representatives of the construction industry. BRE Global 

is preparing independent licensed assessors for BREEAM around the world. 

According to the BREEAM are currently certified more than 200,000 buildings and about 1 

million are currently “under consideration” 

The peculiarity of the evaluation system - a technique of assigning points on the sections 

dealing with life safety, environmental impact, and comfort. Points are multiplied by the weighting 

coefficients reflecting the relevant aspects in the construction site, then summed and transferred to 

the resulting estimate. The categories to be estimated are energy; water; materials; waste treatment/ 

utilization; use of land. 

Adaptation of the BREEAM system to the different regions is possible, without a decrease in 

efficiency. 

The minimum set of criteria and classes according to the BREEAM International 2009  is 

presented in table 1. 

Table 1. The minimum set of the criteria and classes according to the BREEAM 

International 2009 

  

Criteria & classification Passed Good Very good Superbly Excellent 

1. Management           

Management 1. – putting into 

operation 
- - - 1 2 

Management 2 – The influence of the 

construction site 
- - - 1 2 

Management 4. – Using of the 

Construction Guide 
- 1 1 1 1 

2. Health and Wellbeing           

H&W 1. The high-frequency lighting 1 1 1 1 1 

3. Energy           

En.1. – Energy performance - - - 6 10 

En.2. – Calculation and control of 

energy use 
- - 1 1 1 

En.5. Low carbon technologies - - - 1 1 

4. Transport - - - - - 

5. Water performance           

Wat.1. – Water consumption - - 1 1 2 

Wat.2. – Water measure devices - - - 1 1 

6. Waste           

Waste.3. – Separate storage of waste - - - 1 1 

7. Land use and environment           

L&E.4. – Impact on the land & 

environment 
- - - 2 2 

8. Pollution - - - - - 

9. Innovation - - - - - 
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Based on these assessment rules, the object gets a rating: 

 Didn’t passed <30; 

 Passed ≥ 30; 

 Good ≥ 45; 

 Very good ≥ 55; 

 Superbly ≥ 70; 

 Excellent ≥ 

LEED - The Leadership in Energy & Environmental Design 

The next world-famous green building standard is LEED - the Leadership in Energy & 

Environmental Design. 

The LEED evaluating system has been developed in 1993 by the United States Green Building 

Council (USGBC) as a standard for the assessment of the projects of energy-efficient & 

environmental-friendly sustainable buildings. The main objective is the transition of the construction 

industry for the design, construction, and operation of buildings. 

The LEED 2009 performance credit system aims to allocate points "based on the potential 

environmental impacts and human benefits of each credit." These are weighed using the 

environmental impact categories of the United States Environmental Protection Agency's Tools for 

the Reduction and Assessment of Chemical and Other Environmental Impacts (TRACI) and the 

environmental-impact weighting scheme developed by the National Institute of Standards and 

Technology (NIST). 

Since the development of the evaluation and certification system, there is a few “generations” 

of the LEED manual. The 1st version, LEED New Construction (NC) v1.0, led to LEED NCv2.0, 

LEED NCv2.2 in 2005, and LEED 2009 (previously named LEED v3) in 2009. LEED v4 was 

introduced in November 2013. Until October 31, 2016, new projects could choose between LEED 

2009 and LEED v4. New projects registering after October 31, 2016, have been required to use LEED 

v4.  

LEED 2009 encompasses ten rating systems for the design, construction, and operation of 

buildings, homes, and neighborhoods. Five overarching categories correspond to the specialties 

available under the LEED professional program. That suite currently consists of the elements: 

Green Building Design & Construction 

 LEED for New Construction 

 LEED for Core & Shell 

 LEED for Schools 

 LEED for Retail: New Construction and Major Renovations 

 LEED for Healthcare 

Green Interior Design & Construction 

 LEED for Commercial Interiors 

 LEED for Retail: Commercial Interiors 

Green Building Operations & Maintenance 

 LEED for Existing Buildings: Operations & Maintenance 

Green Neighborhood Development 

 LEED for Neighborhood Development 

Green Home Design and Construction 

 LEED for Homes (The LEED for Homes rating system is different from LEED v3, with 

different point categories and thresholds that reward efficient residential 

According to LEED, the buildings can qualify for four levels of certification: 
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 Certified: 40–49 points 

 Silver: 50-59 points 

 Gold: 60-79 points 

 The absence of a competent regulatory framework. Only last year, the Ministry 

of Regional Development adopted the requirements of energy efficiency of 

buildings and set specific rates of energy. It is assumed that they will be 

tightened in 2016 and 
 The high cost of energy-efficient construction with relatively low utility rates in 

Europe. Cost of m2 in the energy-saving house above the normal average of 20%. 

Statistics on the construction and operation of the economy in Russia yet, we have to 

bring data from other countries. According to the most intimate performance of 

Poland, Lithuania, Latvia, Germany, and Denmark: the cost of construction increases 

by 20%, saving on energy resources - 40%. 

 In such a case, the price per square meter will increase by 5 - 8 thousand, saving on 

energy resources - 150 - 250 rubles per m2. 

 The payback period of some of the projects comes in 20 - 30 years. Growth rates are 

not taken into account, the value of money, the need for repairs, replacements, and 

other systems. To an acceptable level of return for the investor in five to seven years, 

as long as this does not turn out to lower the threshold. 

 The lack of cheap domestic materials. Over the past 20 years, investments in the 

R&D sector in the construction industry were minimal. Most of the materials either 

imported or produced in Russia by foreign 

 The complexity of the implementation of energy-efficient technologies. The need for 

serious technical, scientific approach complicates the task for small developers 

 Platinum: 80 points and above 

 

Design teams have the option of achieving points under the Optimize Energy Performance 

credit by building an energy model. 

The energy model must follow the modeling methodologies of the ASHRAE 90.1 building 

energy standard. 

It requires that the team make two energy models: one representing the building as designed, 

and a second “baseline” building. 

The baseline building must be modeled in the same location and have the same geometry and 

occupancy as the design building. Depending on location (climate) and building size, the standard 

provides requirements for HVAC system type, and wall and window definitions. 

The goal of this approach is to provide a baseline building to use as a reference point to 

compare the design building against. This allows standardizing the baseline while putting weight on 

important factors that heavily influence building energy consumption (e.g., location, geometry, and 

occupancy patterns). The number of points achieved in this credit is correlated with the percent 

predicted energy cost savings demonstrated by the difference between the design and baseline energy 

models. 

The certification system GSBC (German sustainable building Council) 

DGNB system was developed in the mid-2000s by the German Council for Sustainable 

Building. It covers all relevant issues for sustainable construction and building outstanding notes by 

categories (slide 22): 

 bronze 

 silver 

 gold 

 DGNB Certificate is based on the concept of integrated planning, which is at an 

early stage determines the objective of sustainable development. Thus, sustainable 
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buildings can be designed on the basis of their current state of technology, and their 

quality can be validated with the new. 

 The basis for the system has been designed for the type of building "New 

construction of office and administrative buildings." Further systems for very 

different types of buildings (commercial, industrial, institutional, and residential) 

have been developed and are ready for use, as well as adapted to the international 

level. In addition, DGNB working on a certification system for hotels, existing 

buildings and 

Green building in Russia 

As shown before, there is a visible potential of energy saving in many branches of the Russian 

economy. And building and construction as well as in the housing and communal services sector are 

the spheres of improvements too. 

Development of the green building in Russia faces a complex of problems among them are: 

 Despite these problems, since 2010 in Russia there is a new type of standards acting: the 

system of certification of "green standards" was registered February 18, 2010, the Federal 

Agency for Technical Regulation and Metrology. 

The system is designed to minimize the negative impact of real estate on the environment, the 

introduction of energy efficiency technologies and resources, improving the comfort of living. 

In accordance with the application book "Sochi-2014," Russia has committed during the 

construction of Olympic facilities to implement "green" standards. State Corporation "Olympstroy" 

adopted its own criteria: 

 water and energy saving, 

 use of only indigenous building materials, 

 best architectural and design decisions 

The estimation categories and points that can be given for several states of energy or 

resources used in the building include the following: 

 Planning organization of the land. The maximum possible score – 69 

 Architecture and space-planning solutions. The maximum possible score – 55 

 Efficient water use. The maximum possible score – 34 

 Energy efficiency. The maximum possible score – 120 

 Materials, resources, and equipment. The maximum possible score – 45 

 The quality and comfort of the living environment. The maximum possible score – 

75 

 Waste and hazardous materials. The maximum possible score – 25 

 Non-traditional and alternative energy sources. The maximum possible score – 60 

 Economic efficiency. The maximum possible score – 80 

 Additional requirements and activities. The maximum possible score – 60 

This national standard is based on the approaches shown above in the international guidelines 

and regulations. It remains to be hoped that the implementation of this standard will help increase the 

attractiveness of green buildings and ensure energy efficiency in the residential sector. 

 

Home task 

Having analyzed the system of sustainable development goals, explain how the SDG 7 

“Affordable and clean energy” is connected with: 

a) the SDG 8 “Decent work and economic growth”; 

b) the SDG 10 “Reducing inequalities”; 

c) the SDG 15 “Life on land”. 
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Questions for the self-control 

1. What are the main factors of energy insecurity in your country? 

2. What are the main principles of environmental regulation? 

3. List the five types of fuel. 
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Part 4. Green energy 

Modern energy sector is a well-known source of environmental damages. This is independent 

on how “green” the source of energy in itself. Sometimes we divide all the energy sources in “green” 

and “not green” thinking about the environmental problems of energy production. But this is a very 

simplified picture. In reality, no one human activity can stay without any consequences for the natural 

systems. We can speak only about more or less high damage and the possibility of nature restoration. 

Even produced some energy amount we need to think about how it will be used – storage, 

maybe lost, or will be used as efficiently as possible. The capacity on energy-saving and evaluation 

approaches you have seen in our previous lectures. 

Coming back to the sustainable development goals, we see again the interaction and 

interdependencies between Goal 7 (affordable and clean energy) and all other goals, including the 

issues of nature protection, climate protection, and health and well-being. 

Environmental problems of the energy sector 

As said, the energy sector is never absolutely environment friendly. This is a question of the 

scale of the impacts. In any case, in the industrial countries, we see the greatest input of the energy 

sector into the total air pollution. These problems led to the decision of some countries to restructure 

whole the energy police. As an example, let us remember Germany. This country switched once to 

the gas, but the last 20 years are devoted to the greening of energy and the wide implementation of 

the renewables. 

In general, the environmental consequences of energy sector include: 

 pollution of air, water bodies, land; 

 alienation of large areas under the objects of energy production and redistribution; 

 the problem of search for the alternative sources of energy and of transition to their use; 

 the problem of energy-saving and retrieval of less energy-intensive technologies; 

 climate effects: to be discussed are not the global climate changes, but also the local and 

regional climate effects in the zone of influence of the energy objects (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Greenhouse gas emissions by sectors (according to the method of the International 

Panel on Climate Change). Source: ICCP 
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In the following paragraphs of this chapter you will see the main environmental consequences 

of use of different energy sources. And now a little another point of view: secondary energy resources. 

Secondary energy resources 

The secondary energy resources (Fig. 2) is one of the opportunities to increase the efficiency 

of use of energy. We face the resources: 

 Combustible secondary energy resources – waste of the technological processes. We “extract 

the chemically bound energy, unused or unusable for further technology processing; 

 Thermal – the “thermal waste”: 

o enthalpy of the exhaust gas processing units, main, incidental, intermediate products, 

and production waste; 

o heat cooling systems working bodies of technological units and installations; 

o enthalpy of steam and hot water, used in process plants; 

o thermal steam and hot water simultaneously obtained in the process. 

 Secondary energy resource of pressure: potential energy of gases from process units with 

excess pressure, which must be reduced before the next stage of their use or before emission 

into the atmosphere. 

An example of the scheme of use of secondary energy resources you see further. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Use of the secondary energy resources 

So, the application of such schemes allows us to increase the general energy efficiency and to 

save finally the natural systems. 
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“Traditional” energy sector and the environment 

As you see in the previous lectures, till now the global energy mix includes the highest inputs 

of oil, gas, and coal. Also, the input of hydro energy is high enough in countries with rich water 

resources and the input of nuclear energy in some countries. Even if the energy policy is aimed at the 

development of renewables, these energy sources are playing the leading role. 

Thermal power plants 

Thermal power plants - the most active sources of pollution. Any TPP produces due to the 

burning of fossil fuels many times more emissions, discharges, and waste than, for example, a nuclear 

power plant. The amount of pollutants from thermal power plants depends on the type of fuel and 

combustion technology used, the choice of environmentally friendly technologies. A visible reduction 

in pollution can be achieved even through the proper selection of brands of coal, which will be used 

at the plant. 

This is one of the most “unfriendly” to the environment types of power plants. Combustion of 

coal or oil and gas has of course very different consequences. And gas power plants are much 

preferable. The general scheme of the impacts of a thermal power plant on the environmental 

components is presented on the Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Environmental effects of the TPP 

In general, the impacts include emissions of ash, solid particles, oxides of sulfur, nitrogen, 

carbon, water vapor. Also, there are slag, a sink of the warm water, noise, and electromagnetic fields 

as main environmental consequences. 

To understand the scale of impacts, let us look at the material balance of an “average” big coal 

powerplant with a capacity of 2400 MW (Fig. 4). 
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Fig. 4. Material balance of coal TPP (capacity of 2400 MW) 

There are only the main emissions shown. But these are not all the impacts. There are not 

some numbers about the emissions of the most dangerous substances like benzo(a)pyrene, vanadium 

oxide, or radioactive components. 

According to some evaluations, the use of some types of coal with a high content of the 

radioactivity provides around the power plant pollution higher than in an impact area of a nuclear 

power plant. 

To minimize the impact of a power plant on the natural surrounding, one of the ways is a 

selection of the best coal types. Environmental characteristics of used fuels can be conditionally 

evaluated by its basic technological characteristics compared with natural gas (excluding radiation 

characteristics and toxicity of mineral contained in the fuel elements). The approach is based on the 

optimization of the coal quality: 

𝜀 =  
𝛴(𝐶𝑖/𝐶𝑙𝑖𝑚 𝑖)𝑛𝑔𝑄𝑓

𝑦

𝑄𝑛𝑔
𝑦

𝛴((𝐶𝑖/𝐶𝑙𝑖𝑚 𝑖)𝑓

 

Сi - concentration of i dangerous substance in the outgoing gases from the boiler at a =1,4 

(before the cleaning device), mg/m3; Clim i - maximum single admissible concentration limit of the 

substance i  in the lower atmosphere, mg/m3; Qf - the heat of the combustion of the fuel, kJ / kg («ng» 

- natural gas, «f» - fuel). 

For the reference gas Qng=35657 kJ/ m3  (8510 kcal / m3). For natural gas, εng=1, for other 

types of fuel ε<1. If at the various thermal power plants combusted n types of fuel with the 

environmental characteristic of each of them εi, so the integrated environmental characteristic of the 

fuel balance of the fuel energy sector ε is: 

εFE = Σ εiBi , 

Вi - the rate of fuel i in the fuel balance of the thermal energy sector. 

For the fuel balance of thermal power plants in Russia eFE=0,65 (1998). 

In general, the ways to reduce the negative impacts of thermal power plants include the 

following directions: 

 reduction of emissions of nitrogen oxides; 
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 desulphurization of the thermal power plant flue gas: Russian standards established norms of 

specific emissions of sulfur oxides 700 mg/nm3 (they address the real investment 

opportunities and power industry, power engineering and preparedness plants in Russia); 

 reduction in emissions of main pollutants. 

Hydroelectric power plants 

The next type of “traditional” energy is hydro energy. From the first point of view, they are 

clearer in comparison with the thermal energy production. But this is not a full picture. 

The scheme of the environmental impacts of an “average” hydropower plant is presented on 

the following slide (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Environmental effects of hydroelectric power plants 

Main environmental consequences 
1. The flooding of large areas that could be used for other commercial purposes (in the first 

place - agriculture). 

2. Climate change in the areas exposed to 

3. Changes in the level of groundwater (as a result - flooding of large areas), changes of water 

temperature regime, which leads to a change in the species composition of aquatic 

As said, of course only countries rich in hydro resources can develop this type of energy 

production. As example, let us look at the information about the greatest power plants in Russia. 

Construction of these power plants allowed to develop also the most active energy consumer like 

petrochemistry and aluminum production. 

The largest hydropower stations in Russia (over 1,000 MW) listed in Table 1. 

Table 1 Largest hydropower stations in Russia (over 1,000 MW) 

Name of hydro 

power plant 

Installed 

capacity, 

MW 

Year of 

commissioning of 

the last power 

unit 

Owner Location 

Sayano- 

Shushenskaya 

6400 1985 RusHydro River Yenisei, 

Sayanogorsk 

Krasnoyarskaya 6000 1970 EuroSibEnergo+ 

RusHydro 

River Yenisei, 

Divnogorsk 

Bratskaya 4500 1963 EuroSibEnergo+ 

Inter RAO EES 

River Angara, 

Bratsk 

Ust-Ilimskaya 3840 1979 EuroSibEnergo+ 

Inter RAO EES 

River Angara, 

Ust’- Ilimsk 

Boguchanskaya 2997 2012-2014 RusHydro/RUSAL River Angara, 

Kodinsk 
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Volzhskaya 2671 1961 RusHydro River Volga, 

Volzhsky/ 

Volgograd 

Zhigulevskaya 2477,5 1957 RusHydro River Volga, 

Zhigulevsk 

Bureyskaya 2010 2009 RusHydro River Bureya, 

Talakan 

Cheboksary 1415 1986 RusHydro River Volga, 

Novocheboksarsk 

Saratov 1370 1971 RusHydro River Volga, 

Balakovo 

Zeya 1330 1980 RusHydro River Zeya, Zeya 

Nizhnekamsk 1205 1987 OAO Generating 

company 

River Kama, 

Naberezhnye 

cHelny 

Votkinskaya 1035 1963 RusHydro River Kama, 

Chaikovsky 

Chirkeysk 1000 1976 RusHydro River Sulak, Dubki 

Total 34 733,50       

To understand the scale of the possible influences of the HPP on the environment, let us get 

acquainted with some characteristics of the Boguchanskaya power plant: 

 The project area 2326 km² (including the Krasnoyarsk Territory 1961 km², in the Irkutsk 

region 365 km²) and a length of 375 km 

 Area of shallow water (with a depth of less than 2 m) will be 98 km² or 4.2% of the total 

area. 

The normal supply level of the reservoir is 208.0 meters above sea level, forced supply level 

- 209.5 m, the dead volume level - 207.0 m 

 A full reservoir volume 58.2 km ³, useful - 2.3 km³. 

 Filling of the reservoir - in two stages: in 2012 it was filled to the intermediate level of 185.0 

m and in 2013-2014 must be completed prior to the design level of 208.0 m 

 In the flood zone, flooding, and processing of banks - 29 settlements. Their population is 

wholly or partially 

 The total number of population displacement in the project 12,173 people, the majority of 

which (about 8,000 people) were resettled in the 1980s - early 1990s. The rest of the 

population moved in the 2008-2012 (move to the city). 

 For the study of archaeological sites within the area of flooding in 2008-2012 was carried 

out archaeological excavations. In 2011 as part of an archaeological expedition, Boguchan 

employed about 1,200 people. Have been excavated over an area of 40,000 m², fully 

investigated 130 of 142 objects of registered. In just five years, research has been done 

about a million. 

 Also carried over from the flood zone monuments of wooden architecture. 

The Boguchan HPP is considered as a “middle - greatest” power plant. Construction of this 

station needs some decades, from the project to the commissioning. 

Among the biggest HPP in the world, there are dozens of objects (table 2). In general, the 

HPP will be considered as a “big-scale” from over a few hundred megawatts produced energy. In 

the following list are included the HPPs with an installed capacity of at least 2,000 MW. 

Home task 

1. Find examples of the use of the damage evaluation methods, accepted in your country. 

What environmental norms are implemented? 

2. Find examples of the algorithms for the section of best technologies from the point of 

view of their environmental and economic efficiency in your country. 
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Questions for the self-control 

1. How can pollution reduction from thermal power plants be achieved? 

2. What are the secondary energy resources? 

3. What are the main environmental effects of nuclear plants? 

4. List the main types of biofuels? 
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Part 5. Management of the environmental risk in the energy sector 

“Environmental risk” is one of the most often used concepts in discussions of new technical 

or building projects, development of new technologies, modernization of old industrial objects 

environmental restorations after some pollutions or destructions. In any case, we speak about the 

danger of deterioration or about the possibility to improve the adverse situation. In general, we use 

the concept “risk” as a measure of the danger. And talking about the energy sector we can find a lot 

of examples of various risks connected with environmental impacts, including climate risks. 

Thus, environmental risk identification and management is a very important task for the 

sustainability of the energy sector. 

The concept "risk" 

This concept is described in different sources from different points of view. We can speak 

about the risk as a danger or as the ability to something or uncertainty. In each case, understanding 

the risk in some way, we select the appropriate approach to managing this type of risk. 

Understanding risk as a danger, threat means, this is the possibility of an event with negative 

consequences, resulting in harm to the person or organization. In this case to organize efficient 

management of risk it is necessary to reduce adverse events, and (or) their consequences through 

activities that require a reasonable cost 

Risk as the ability to something is the "action on luck, hoping for a lucky break." It is assumed 

that the higher the risk, the greater is the potential income. Risk management, if we consider the risk 

this way, means the use of technology to maximize income while limiting or minimizing losses. 

And risk as uncertainty is a measure of discrepancy between the results of decisions that are 

evaluated through their utility and effectiveness of harm to the eligibility criteria for the selected 

benchmarks. Risk management here focused on reducing the variance between expected outcomes 

and actual results. 

In any case, we have a probable event (mostly we mean, it is negative). This event can happen 

with some object – a “victim” of risk. According to the object of risks, they can be divided as shown 

further (tab. 1). 

Table 1 – environmental risk classification according to the object of risk 

Type of risk Object (the victim) 

in the risk 

Adverse consequences of risk 

Individual 

(valeological) 

Health, human life Decreased performance, disease, injury, disability, 

death 

Social Society, population Health damage, loss of life, destruction of the 

technosphere, landscapes, loss of property 

Ecological Natural environment Pollution of water, air, soil, destruction of facilities 

and environmental systems 

Technical Technical objects Accident, explosion, collapse, fire, breakage, 

destruction 

Economic Property, capital, 

money 

Loss of property, capital, products, money, the 

expected benefits 

 

It is to be noted, that every time we need some models for the assessment of probable 

consequences for the “victim”. Knowing these dependencies, we can try to reduce the number of 

adverse consequences or to prevent them. Despite the visible attention to the problems of adverse 

environmental consequences, environmental damages, and risk till now there are no unified 

approaches to the quantitative assessments of many situations with the realization of risk. It is difficult 

to make an assessment and to compare different scenarios of probable environmental problems. That 

is why these problems are in the focus of many special studies on the management of environmental 

risk in different spheres. 
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Especial important is it to take into account the time and intensity characteristics of the 

probable adverse events. To create really efficient risk models, it is necessary to give the most full 

description of risk. For these purposes some classifications can be suggested: 

 according to the belonging to the components of activity - anthropogenic, social, 

technological, natural sources of risk: it is necessary to identify the source (or a set of most 

important sources) of risk and to understand their combined action for the most efficient 

management (reduction or absolutely elimination) of risk; 

 according to the interrelation with production and technological cycles: innovation, design, 

technology, performance, service, recycling – it is easy to see, that the “best” stages of the 

lifecycle of a project to reduce or prevent a risk are the earliest stages; this is this approach 

requires the development of adequate environmental norms and regulations of all the 

economic activities; 

 by the natural essence: physical, chemical, biological, 

The management approaches allowing to reduce the risk most efficient depending on the type 

of source. So, as an example, if we order the risks according to the lifecycle, the best stage for the 

regulation is innovation and design. In the later stages, it will be more and more difficult to improve 

the gaps and to reduce the risks. 

In this case, it is important to know the temporal and spatial characteristics of the adverse 

events that we try to reduce or prevent. 

Thus, on the speed of impact on objects of risk we divide: 

 instant - and 1 second, 

 rapid - up to 1 minute, 

 rapid - and 1 hour, 

 flowing - to 1 day, 

 creeping - up to 1 month, 

 continuous - more than 1 

For the modeling of risk, it is very important to understand the “development” of probable 

damage as full as possible. Sometimes the “far” consequences can not be imagined when we model 

the situation. There are a lot of examples of giant catastrophic events like nuclear power plants 

destructions or natural disasters when in the first stages it was not possible to understand whole the 

set of future environmental problems. Duration of the impact as well as period, when the 

consequences become visible, it is necessary to take into account in identification and managing of 

risk. 

On energy, which determines the level of danger it is possible to identify: 

 safe, 

 permissible, 

 hazardous, 

 dangerous, 

 high risk, 

 extremely 

As you see, we speak always about the quantitative characteristics of risk. This is like with all 

other environmental (and not only) assessments. The verbal descriptions can be understood different 

way: what is “good” or “bad” state? “Big” or “small”? And if we describe some object or process 

using the quantitative characteristics, it is possible to understand the scale of changes and to identify 

the certain states of an object. 

In quantitative assessments of risk, one of the most interesting and practically used positions 

is the identification of acceptability of risk. 

The acceptable risk is a certain compromise between the negative effects of risk (harm, 

damages, losses) and the cost of their prevention or reduction. Acceptability means the level of risk 

that society (individuals, groups) agree at this stage of its development. 

From the point of view of the range of acceptability the risks are differentiated into five levels: 

 low, 
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 acceptable, 

 elevated, 

 severe, 

 extreme risk 

As an example of the acceptable risk, we can remember a value of valeological risk of death 

among people: 5.10-4. This is consistent with the WHO in the world is almost impossible to prevent 

the deaths of five common diseases for every 10 000 people under the age of 30 years. With such a 

risk society is forced to accept as the cost of its reduction will be useless. 

We can describe the acceptable levels of risk (slide 5) for general conditions and for the 

individuals as it suggested by specialists of Det Norske Veritas and Germanischer Lloyd. 

Thus, for the risk level there is the following model is to be applied (Fig. 1): 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. General criteria of risk level (Source: https://blogs.dnvgl.com/oilgas/safety/risk-

criteria) 

Another one approach is to be used when we identify and try to manage the individual risk 

(fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Criteria of risk acceptance: individual (Source: 

https://blogs.dnvgl.com/oilgas/safety/risk-criteria) 

According to this model, we identify a level of risk as acceptable or “as low as reasonably 

practicable” or unacceptable. In the first case there no measures for the improvement necessary. 

For the so-called “ALARP” level the risk should be reduced where reasonably practicable. 

But also the costs and benefits need to be considered (Table 2). 
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Table 2 - Levels of risk and its acceptability 

The type of risk Exemplary levels of risk for the year,% 

Small Acceptable Increased High Emergency 

Valeological: death, pers. / year < 0,01 0,01...0,05 0,05...0,5 0,5...2,0 >2,0 

Ecological < 1,0 1...5 5...25 25...50 > 50 

Technical < 5 5...10 10...25 25...50 >50 

Economic < 15 25...30 30...50 50...75 >75 

 

And the unacceptable risk must be reduced. 

The quantitative assessments of individual risk by this approach mean the borders of 10-

6 between ALARP and acceptability and 10-3 per year for the border between ALARP and 

unacceptable risk. 

The approach showed in the Det Norsk Veritas documents is in general wide used, but this is 

not only one “point of view”. In different countries of the world, there is state regulatory framework 

with a very individual approach to the setting of the acceptable risk level. 

In any case, it is necessary to identify first the risk “amount” and considering it to understand 

the necessity of its reduction as well as the best “technologies” for this purpose. In other words, we 

need to “construct” the most efficient algorithm for risk management. 

Stages of risk management 

Quantitative analysis means quantification of individual risks and the risk of the project as a 

whole. 

Risk management is a process including a set of steps from the identification of risk to the 

reduction of risk (when necessary). These stages are presented on the fig. 3. 

 

 

 

 

 

 

 

 

 

Fig. 3. Stages of the environmental risk identification and management 

The first big block devoted to the possible full identification of types of source of risk, its 

nature and main characteristics, important for the future calculation of risk level, and understanding 

the necessity of its regulation. 
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The qualitative analysis includes: 

 identification of sources and causes of risk, stages, and activities determining the risk; 

 identification of all potential risks; 

 identification of practical benefits and possible adverse effects; 

 Identification of the temporary forms of the danger (immediately realization or distributed in 

time). 

Identification of risk is the first stage in the management. The main purpose of the stage is to 

determine the composition (the list) of adverse events causing environmental degradation and directly 

or indirectly causing economic damage to the object in question. 

The event is seen as negative, if there is a real possibility of its manifestations, and its 

manifestation can cause real damage to the object. 

The effects of negative events can be linked in a chain of cause-and-effect relationship Þ 

tasks of the identification stage include: 

 determining the possibility of events; 

 identification of sequences of events that shape the resulting real negative event for the 

object (for example, an earthquake - the destruction of oil-contaminated land). 

At the stage of identification must be justified conclusion about the possibility (or 

impossibility) of causing real damage to the object in question. At the same time, the incident event 

does not necessarily bring harm. 

To identify risk we can apply statistical, analytical, and expert approaches. 

The statistical approach needs to gather information about sources and manifestations of 

adverse events. But sometimes we need to identify risks for the unique objects or for the new objects 

where never was identified yet any problems. 

Analytical procedures need to understand the nature of processes very detailed, so in any 

practical case, it is just impossible to take into account all the processes affecting the modeled system. 

Expert approaches are widely used for the identification of risk as well as for the selection of 

best methods for their reduction. But in many cases, it is difficult to prevent some subjectivity in the 

assessments: each expert is a person with an individual experience. 

Thus, most often in praxis is used a combination of all these methods. 

Coming back to the environmental risks of the energy sector, we can find in various researches 

the following examples for the risks of renewables. Surely, in comparison with the thermal 

powerplants, some of the effects are much lower, but this doesn’t means, that they are not to be 

considered. 

Solar energy 

 Alienation of land areas, their possible degradation; 

 High consumption of materials; 

 The possibility of leakage of working fluids containing chlorates and nitrites; 

 The danger of overheating and ignition of systems, contamination of products with toxic 

substances when using solar systems in agriculture; 

 Change of heat balance, humidity, wind direction in the area of station location; 

 Darkening of large areas by solar concentrators, possible land degradation; 

 TV and radio jamming; 

 Generation of waste containing toxic components 

Wind energy 

 Withdrawal of land resources, changes in soil properties 

 Acoustic Impact (Sound Effects) 

 Impact on the landscape and its perception 

 Electromagnetic radiation, interference with television and radio communications 

 Impact on avifauna on migratory routes and marine fauna when placing WPPs in the waters 

 Emergency situations, the danger of breakage and departure of damaged parts 
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Hydro energy direct impact: 

 Permanent and temporary flooding and 

 Creation of conditions for the occurrence or increase of seismic 

 Changing the temperature regime of 

 Amplification of wave processes. 

 Adverse hydrobiological and hydrochemical 

Indirect impact 

 Climate change in the zone of influence of the 

 Deterioration of coastal woody vegetation and even its 

 The emergence of areas less suitable for business 

 Effects on fisheries. 

After the identification of risk sources, it is necessary to understand as more as possible about 

the consequences of the manifestation of risk. Thus, the next stage is determining the structure of 

possible damage. 

The result of an adverse event - damage. In the case of environmental and economic risks, it 

may not be a direct consequence of the event. It can be shown indirectly caused by the degradation 

of the environment. 

Natural damage (physical) is measured by some of the characteristics that reflect 

deterioration, loss of properties of the object (died N trees, damaged K cars, L acres of contaminated 

soil, etc.). 

The cost form of expression of damage (losses): 

 direct - include direct loss of the object (health, life for the population, property - for the 

public and legal sites); 

 indirect - arise as a consequence of the impossibility to maintain the normal operation of the 

object, which is carried out before the onset of the event (this is often referred lost profits, 

losses in the form of claims and the counterparty default, loss of image, ). 

The quantitative assessment of risk needs not only the evaluation of the probability but also 

the evaluation of the scale of the event. We can make this assessment using the natural units (i.e., 

probability of pollution of some area 0f 100 or 200 sq.m). Another variant is to use monetary 

assessments. 

To determine the amount of damage can be applied: 

 regulatory approach: the size of the loss is measured by the standard indicators, usually 

provided by the law, the practice of damages; 

 calculation methods: determination of all components of the damage and a reasonable 

estimate of their value 

 market approach: assessment of damages for the loss of the market value of the property, loss 

of wages, 

After we have identified and evaluated the risks, it is necessary to select a method of its 

reduction when necessary. 

In general, traditionally is used one of the following methods (fig. 4). 
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Fig. 4. Selection of the risk management approaches 

 avoiding the risk; 

 reducing the probability of an adverse event; 

 reducing the damage; 

 risk transfer (to other objects, etc). 

 methods of compensation for the damage suffered by the object itself, and the damage it 

caused to other 

As you see, the preferable method is chosen, taken into account the frequency and severity of 

an adverse event. In any case, the real efficiency of some selected measure can be estimated and if it 

“doesn’t work”, the management scheme requires to form another set of risk reduction measures. 

Each really efficient management scheme use always the response: the management process 

is continuous, we always need to understand the effect of our management activities. That is why the 

essential component of this process is monitoring. This stage is carried out during the work related to 

environmental monitoring, the examination of existing facilities - sources of danger, projects of 

construction of new facilities, licensing activities, inspections, and others. The most commonly used 

instruments - environmental audit and monitoring. 

Monitoring process in risk management allows: 

 to carry out a continuous assessment of the quality of different areas of operating systems and 

biological objects (plants, animals, microorganisms, ); 

 to determine the degree of violation of environmental condition (quality) OS and biological 

objects; 

 to set the limits of environmental degradation and identify the sources of human 

A scale of risk: environmental damages 

When calculating the risk management schemes, one of the main problems is to make an 

adequate and enough precise evaluation of the damage. In general, we understand, that such 

assessments are the base for the choice of the best regulation methods. But in the praxis, it is very 

complicated to find an adequate calculation method. In some cases, the problem is, that the calculation 

approaches must be state-approved. In the opposite case, the results of an assessment will not be 

recognized. 

In the case of environmental risk, we face a necessity to calculate environmental damages. 

Environmental damage is a set of adverse changes in the environment caused by various effects: 

pollution, withdrawal, or breach of quality resources (fig. 5).  
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Fig. 5. Economic damages because of the environmental pollution 

The monetary valuation of negative changes in the environment forms the value of ecological- 

economic damage. But this is one of the most difficult stages of the evaluation of damages (fig. 6). 

For this step, we need to know all about the natural consequences of the adverse event. But sometimes, 

these problems can manifest in a later period and cannot be understood or suggested currently. In 

addition, we have to make a monetary assessment for some consequences that do not have any 

adequate “price”. I.e., how to evaluate the loss of some unique natural monument or a historical 

building? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Stages of the assessment of the damage (case of pollution) 

For the practical assessments of damage, we use direct and indirect approaches. This means, 

we can apply a very individual model for the direct assessment, or we cause some general evaluations 

based on the previous experience and examples in case of an indirect approach. 

Most wide used “direct” methods are based on the information and analytical models 

developed especially for our case. We do not take into account (for example) some “old” models 

constructed for similar cases: we do not extend the previous results on our situation. Thus, in case of 

some air pollution caused by the combustion of coal without environmental protection measures, we 

will collect the data about or situation, about all the recipients of damage, about the long-term and 

currently visible consequences and we will create a model of the interconnection between the damage 

value and pollution amount. But this will be an individual model, for our situation only. 

The previous results like the value of the damage caused by 1 t of emission under similar 

conditions will not be taken into account. 

In the practice such direct methods include: 

 The method of control (reference) areas: based on a comparison of the economic 

development of polluted and control (relatively clean) area. This method is used only for the 

actual assessment of damage in the existing pressures on the environment. This is the basic 
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method for determining the values of specific damage (to establish the response to 

exposure). The method based on the selection of area with all parameters (climate, topology, 

...) coincides with the studied (polluted) one. Control (reference) area should be different only 

in the level of anthropogenic load. In determining damage correlate levels of pollution of the 

reference area and the test area, as well as the economic performance of the recipient (object 

impact) in the control and the studied areas in natural and in money terms. Typically, a control 

area is selected separately for each type of study of local 

 The analytical method is based on a multivariate analysis of the relationship of individual 

recipients and indicators of 

 The combined method is used in cases where the number of impacts is very large, and the 

contribution of each factor is difficult to 

An example of the algorithm of the reference areas method is presented on the fig. 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Environmental damage evaluation: method of control (reference) areas 

Such approaches are used to build the” knowledge base” for the calculation of specific damage 

and the development of empirical techniques. To show the practical application of the direct methods 

in fig. 8 there are presented two “parallel” damage calculation methods allowing them to develop 

further some standard algorithms. 

 

 

 

The calculation of economic damage from pollution  

Defining standards for the determination of economic of damage  

Selection of the enterprise - the object of study  

Collection and analysis 
of information characterizing the 

sources of emissions  

Collection and analysis of 
information for the calculation of 

areas of concentration of 
pollutants  

Construction of zones of the pollutant concentration and 
determination of the area of contamination  

Selection of reference (control area)  

Collection of information on 
the functioning of individual sectors of 

the economy in the control area  

Collection of information on 
the functioning of individual sectors of 

the economy in the study area  

Processing the information, obtaining quantitative relationships, the 
definition of physical indicators of damage  
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Fig. 8. Direct environmental damage calculation approaches: methods on the principle of 

calculation 

All the direct methods are precise enough but need to collect a big amount of data about the 

environmental impacts and their consequences (negative reactions of the recipients). This requires 

time and high quality of data obtained. That is why the quick assessments in practice are widely 

distributed the indirect approaches. 

In general, virtually all currently used in the standard document algorithms of the 

environmental damage evaluation are based on the indirect approach. This means, for the calculation 

of damage we need some initial data about the impact itself, some data about the “victim” of the 

adverse events, and some formulas obtained for the previous assessments and approved as a standard 

algorithm in the documents. 

As an example of such an “aggregate assessment” let us get acquainted with one the oldest 

standard calculation methods: this is a document developed in 1983 and called “Temporary typical 

method of determining the cost-effectiveness of environmental protection measures and assess the 

economic damage to the national economy of pollution” (Approved by the Resolution of Gosplan, 

the USSR State Construction Committee and the Presidium of the USSR from October 21, 1983, 

Moscow, Economics, 1987). Surely, the document is really very old and needs to be improved 

according to the modern state of economics of natural resources and current price levels. But it is 

interesting as one of its wide coverage, versatility. In general, there approaches to the calculation of 

damage because of air pollution, water pollution, soil pollution, and acoustic environment 

disturbances in the document. The method is focused on the evaluation of the “prevented damage” as 

the main purpose of any environmental protection measure. Thus, the economic effect of such a 

measure is to reduce the damage. To evaluate the efficiency, we compare this effect with expenses 

for the environmental protection for 1 year respectively. 

On gross emissions  On concentrations of pollutants  

Used for: 
- selection of the development 
strategy of the enterprise 
- choice of optimal environmental 
activities in a particular enterprise  

Used: 
- to select the location of businesses in 
the region 

- to select the environmental activities 
in the region 

- to improve urban planning and 
transport routes  

Assessment of damage from the individual components of 
the economic damage on local recipients: 

 

Methods of calculating economic damages  
(on the principle of calculation)  

On the individual ingredients  On the sum of the ingredients  
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Thus, to calculate the damage caused by some amount of the emission we need to make the 

following steps: to identify the composition of the emission and quantity of its components as well 

as their toxicity; to identify the zone of pollution (the type of the territory according to the set of 

objects situated there); to understand the meteorological conditions and some technical characteristics 

of the emission source). The following formula is suggested for the calculation: 

У=ϒ·σ·f·М, 

ϒ – the value of specific pollution damage, rub. / conditional t (1983: 2.4 rub.; 1990: 3.3 rub.; 

currently indexation is necessary); 

σ – correction coefficient due to the type of the territory falling under the influence of the 

pollution: 

Type of the polluted area σ 

Spas and resorts, nature reserves, wildlife sanctuaries 10 

Suburban recreation areas, garden and dacha cooperatives and 

associations 
8 

Towns and villages population density n persons/ha * 
(0,1 pers 

/ha.)*n 

The territory of industries (including protective zones) and industrial 

units 
4 

Forests: 

Group 1 (protected areas etc.) 

Group 2 (limited exploitation) 

Group 3 (exploitation) 

Arable land 

  

0,2 

0,1 

0,25 

0,25 

Southern areas (south of 50 ° N) 0,15 

Central Black Earth region, Southern Siberia 0,1 

other areas   

Orchards, vineyards 0,5 

Pastures, hayfields 0,05 

f – correction coefficient depending on the dispersion of the pollutant in the atmosphere 

(identified taken into account meteorological conditions and construction of the emission source – 

these factors determine the further distribution of the pollutants in the atmosphere); 

М – the relative masses of the pollutants, conditional t (considering their toxicity): for each 

substance to be calculated as Ai x mi, 

Ai is relative toxicity (is inverse proportion to the maximum permissible concentration of the 

substance in the atmosphere of settlements, average day concentration), 

mi is a mass of each controlled substance. 

Thus, the measure of the relative risk of contamination of the atmosphere depends on the size, 

type, and location of an area of high air pollution. 

In praxis, the most often used approaches are indirect: we use information about “price” of 

some pollution or nature destruction on the base of our previous experience. Despite these approaches 

are not quite precise, we use them because of relative simplicity. 
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Thus, using the model approaches to the calculation of damage and probability of some 

adverse event, we receive a model for the elaboration of regulatory measures, their implementation, 

control, and improvement (if necessary) as presented in the Fig. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9. Decrease of environmental damages caused by the priority risk sources 

Waste as the “secondary resources” 

At first blush, this topic is far from our theme. But reducing the amount of waste we reduce 

also a set of various risks for the environmental components (including climate risks because of 

methane emissions from the landfills). 

Of course, these technologies are not simply and not harmless, but the experience of many 

counties justify the efficiency of this approach. In comparison with other waste management 

approaches, the combustion technologies are not the most preferable – they are only on the 4th place 

in the wide used hierarchy of waste treatment techniques (Fig. 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Waste management hierarchy (Epa Waste Management Hierarchy, source: 

https://www.pngkit.com/view/u2t4y3w7u2i1q8r5_epa-waste-management-hierarchy-waste-

management-epa/) 

Use of the energy produced by modern WTE-incinerators: it is more advantageous to 

produce electricity rather than district heating. 
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The experience of Reno Nord (Denmark, Aalborg) shows an efficient production of electricity 

and heating energy for the neighbor district. The plant was built using today's best solutions and is 

able to operate stably and safely with relatively high steam data of 425°C and 50 bars. 

One reason for this high level of efficiency is that the cycle has been optimized through 

preheating the condensate by flue gas cooling after the boiler. Currently, Reno Nord uses 97% of the 

waste's energy, with an electrical efficiency of 27% (Source: Thomas Norman, Technology 

Development Department Head at Babcock & Wilcox Vølund). 

One of the most often discussed problems of the WTE technologies, we can remember 

emissions of CO2, NOx, SO2, and some more dangerous substances. First of all, these are dioxins and 

other persistent organic substances. Such emissions were a reason why in the middle of 1990th the 

incinerators at the US hospitals were suspended for additional research. But modern technologies 

allow us to minimize these emissions. Their amount is lower than the current technological norms. 

This allows us to reach also the safe levels of these substances in the surrounding atmosphere. 

To select an efficient WTE-technology, the 5 following factors are to be taken into account: 

 Steam temperature; 

 Steam pressure; 

 The temperature of the cooling agent used on the turbine's condenser; 

 An optimized cycle: optimized by preheating the condensate before the feed water tank; 

 Stable and robust 

The steam temperature is primarily limited by corrosion on the superheaters due to the very 

aggressive flue gas. 

But the presented factors are only one side of a problem. Waste's composition can vary 

significantly. This leads to difficulties when creating uniform operating conditions. However, stable 

and robust control ensures that the incineration process is optimal and that the entire process runs 

without significant fluctuations. Only in the last years are the incineration technologies developed 

that don’t require a very thorough waste sorting. In any case, the preparation is strongly necessary to 

provide not only efficient but first of all safe combustion of waste. This treatment technology is a 

source of risk because of high temperature and pressure, that is why the incineration plants are objects 

of the special control and monitoring from the point of view of industrial monitoring.  

Dynamics of the WTE in the world can be better understood taken into account the following 

statistics (Fig. 12). 

 

 

 

 

 

 

 

Fig. 12. Global WTE distribution (Source: Zion Research Analysis, 2016) 

So, most European countries have incineration technologies that generate energy. Energy 

production is constantly increasing from year to year. In fact, it is one of the forms of using secondary 

energy resources. Among the most often remembered “waste power plants” are the waste incineration 

plant in Vienna, a whole infrastructure for the energy supply of Rotterdam Bay. 
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Also, you see the level of emissions of most controlled substances – they are reduced in 

comparison with the 80th technologies up to 99%. 

One of the most often remembered problems of the WTE is emissions of toxic compounds. It 

is possible to show, that during the last 30 years there is visible progress here (Table 4). 

Table 4. Reduction of the toxic emissions of incineration plants during the 1990-2005 

Pollutant 1990 Emissions (tpy) 2005 Emissions (tpy) % Reduction 

CDD/ CDF, TEQ basis 4,400 15 Over 99% 

Cadmium 9.6 0.4 96% 

Hydrochloric acid 57,400 3,200 94% 

Lead 170 5.5 97% 

Mercury 5.7 2.3 96% 

Nitrogen Oxides 64,900 49,500 24% 

Particulates 18,600 780 96% 

Sulfur Dioxide 38,300 4,600 88% 

Currently, to prevent all the adverse environmental consequences of the WTE techniques there 

is a set of regulations developed in Europe. One of such regulations is a BAT-system document “ 

European Commission. 2006. Reference Document on the Best Available Techniques for Waste 

Incineration. BAT Reference Document (BREF).” (European IPPC Bureau, Seville, 

Spain. www.eippcb.jrc.es/pages/FActivities.htm). Application of these emission standards together 

with their strong control allow reducing the emissions up to the safe levels.  

The modern incineration plant is situated in some European countries the cities and produce 

energy for the heating. It is possible to find examples of such plants in Vienna, in Parma in Rotterdam 

and many other European cities as well as abroad of Europe. 

Despite the visible positive effect of the WTE in the reduction of GHG emissions from 

landfills and non-organized garbage dump, the incineration plant itself is a source of CO2 and other 

GHGs. Nearly all of the carbon content in the waste is emitted after the incineration as carbon dioxide 

to the atmosphere. To calculate the total emission it is to take into account that the municipal solid 

waste (MSW) contains approximately the same mass fraction of carbon as CO2 itself (27%). Thus, 

the treatment of 1 metric ton of MSW produces approximately 1 metric ton of CO2. 

This amount can be compared with some other waste treatment approaches. Thus, if the waste 

was landfilled, 1 metric ton of MSW produces approximately 62 m3 methane via the anaerobic 

decomposition of the biodegradable part of the waste. This amount of methane has more than twice 

the global warming potential than the 1 metric ton of CO2, which could be produced by combustion. 

Summarized, the WTE-technology is currently considered as a very efficient and prospecting 

approach, allowing to reduce the adverse environmental consequences of the waste landfilling. On 

another hand, this is a source of energy that under some conditions can be considered as a 

“conventional-renewable” taking into account the stable “flow” of the residuals of human activities. 

 

Home task 

1. Describe the best approaches to the management of environmental risk caused by the 

main energy resources of your region. 

2. Describe the risks of the “waste to – energy” technologies. 

 

Questions for the self-control 

1. What is the individual (valeological) environmental risk? 

2. What are the objects of economic environmental risk? 

3. List the stages of the environmental risk analysis algorithm. 

4. What is natural (physical) environmental damage? 

http://www.eippcb.jrc.es/pages/FActivities.htm
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Part 6. Energy sector and the global climate policy 

The global climate policy is aimed on the reduction of adverse consequences of climate 

change and, on another hand, on the reduction of the possible influence of the human activities on the 

concentration of greenhouse gases (GHG) in the Earth's atmosphere. 

In 1992, the United Nations Framework Convention on Climate Change (UNFCCC) was 

adopted, fixing the basic provisions of climate policy. The document states that modern warming 

adversely affects the existence of society and nature; The main reason for warming is the increase in 

the concentration of atmospheric greenhouse gases. This process is determined by an increase in 

anthropogenic emissions, in which the burning of fossil fuels plays a leading role. In this regard, the 

document justifies the need to require the reduction of anthropogenic emissions of GHG to preserve 

the global climate. The most consistent and comprehensive concept of anthropogenic warming is 

presented in the assessment and special reports of the Intergovernmental Panel on Climate Change 

(IPCC). 

Greenhouse gas traps heat in the atmosphere through the so-called greenhouse effect. Some 

GHG emissions are the result of both natural occurrences and the result of human activities, while 

others are exclusively emitted through human activities. The principal greenhouse gases are 

(Theordor, 2016): 

 Carbon Dioxide (CO2) Although trace quantities are found naturally in ambient air, the 

emission of this gas is primarily from fossil fuel combustion from activities including electricity 

generation, transportation, manufacturing (e.g., cement), and municipal solid waste combustion. 

Carbon dioxide concentrations in the atmosphere have risen by almost 35% since the Industrial 

 Methane (CH4) is emitted during the production and transport of coal, natural gas, and oil, 

from the decomposition of organic wastes in municipal solid waste landfills, and from the raising of 

livestock. It is also released during normal coal mining operations and wastewater treatment 

especially from municipal sewage systems. It remains in the atmosphere for 9–15 years and is over 

20 times more effective in trapping heat than CO2 over a 100-year period. Methane is also a primary 

component of natural gas and can be an important energy source, as through the use of natural gas or 

the trapping of landfill methane. Methane concentrations in the atmosphere have risen by over 150% 

since the Industrial Revolution. 

 Nitrous Oxide (N2O) has a long atmospheric lifetime of approximately 120 years and a 

heat-trapping effect that is almost 310 times more powerful than carbon dioxide on a per molecule 

basis. Nitrous oxide is emitted during agricultural and industrial activities, as well as during 

combustion of fossil fuels and solid waste. In relation to building inputs and outputs, N2O is emitted 

during wastewater treatment and during the production of adipic acid, which is used to create some 

plastics and urethane foams; however, this is a fraction of the emissions from agricultural and 

industrial activities. Nitrous oxide concentrations in the atmosphere have risen by over 16% since the 

Industrial 

 Fluorinated Gases include artificial greenhouse gases such as hydrochlorofluorocarbons 

(HCFCs), perfluorocarbons, and sulfur hexafluoride. They remain in the atmosphere for various 

lengths of time ranging from tens to thousands of years and can be thousands of times more effective 

in trapping heat than CO2 over a 100-year period. They are primarily emitted from industrial 

processes and are used as substitutes for ozone-depleting substances. As it relates to buildings, these 

gases are emitted through electrical transmission and distribution and through supply chain used in 

refrigerants such as R-22, insulation, and halon fire suppression systems. Although they are emitted 

in much smaller quantities than the other gases, because of their high potency they are often called 

High Global Warming Potential Gases. 

 Chlorofluorocarbon (CFCs) are greenhouse gases, although they are considered a more 

serious factor in regard to ozone depletion rather than global warming. CFCs were defined by the 

1987 Montreal Protocol and are used for refrigeration, air conditioning, packaging, insulation, 

solvents, or aerosol propellants—all of which are commonly used in buildings. These gases are being 

replaced by other compounds, including hydrochlorofluorocarbons and hydrofluorocarbons, which 
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are greenhouse gases covered under the Kyoto Protocol. For details on the Montreal Protocol and 

Kyoto Protocol see the below subsection on the different 

To describe the role of GHG and to compare the different greenhouse gases the following 

units of measurement have been developed (Theordor, 2016): 

 Global Warming Potential (GWP)—is a measure of how much a given mass of greenhouse 

gas is estimated to contribute to global warming. It is a relative scale that compares the gas in question 

to that of the same mass of carbon dioxide (CO2) whose GWP is, by convention, equal to 1. A GWP 

is calculated over a specific time interval that must be stated whenever a GWP is quoted or else the 

value is 

 Carbon Dioxide Equivalent—Emissions of greenhouse gases are typically expressed in a 

common metric so that their impacts can be directly compared, as some gases are more potent and 

have a higher global warming potential than others. The international standard of practice is to express 

greenhouse gases in carbon dioxide 

 

The warming potential varies significantly, as you can see in Table 1. 

Table 1 — GHG global warming potentials 

Gas Chemical formula Global warming potential* 

Carbon dioxide CO2 1 

Methane CH4 21 

Nitrous oxide N2O 310 

Hydrofluorocarbons (HFCs) 
HFC-23 

  

CHF3 

11 700 

HFC-32 CH2F3 650 

HFC-41 CH3F 150 

HFC-43-10mee C5H2F10 1 300 

HFC-125 C2HF5 2 800 

HFC-134 C2FI2F4 (CHF2CHF2) 1 000 

HFC-134a C2H2F4 (CH2FCF3) 1 300 

HFC-143 C2H3F3 (CHF2CH2F) 300 

HFC-143a C2H3F3 (CF3CH3) 3 800 

HFC-152a C2H4F2 (CH3CHF2) 140 

HFC-227ea C3HF7 2 900 

HFC-236fa C3H2F6 6 300 

HFC 245ca C3H3F5 560 

Hydrofluoroethers (HFEs) 
HFE-7100 

C4F9OCH3 500 

 

HFE-7200 C4F9OC2H5 100 

Perfluorocarbons (PFCs) 
Perfluoromethane (tetrafluoromethane) 

CF4О 6 500 

Perfluoroethane (hexafluoroethane) C2F6 9 200 

Perfluoropropane C3F8 7 000 

Perfluorobutane C4F10 7 000 

Perfluorocyclobutane c- C4F8 8 700 

Perfluoropentane C5F12 7 500 

Perfluorohexane C6F14 7 400 

Sulfur hexafluoride SF6 23 900 

* Intergovernmental Panel on Climate Change. Revised 1996 IPCC Guidelines for National 

Greenhouse Gas Inventories Reporting Instructions, 1997 
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It is to be noted, the anthropogenic concept of warming in general and of the conclusions of 

the IPCC, in particular, is not always perceived unambiguously and criticized. Thus, in the work of a 

group of researchers from the Arctic and Antarctic Research Institute (AARI), the current temperature 

dynamics are associated with the presence of two natural cycles - a 60-year and a 200- year ones. The 

wind field of the planet - circumpolar vortices, determining the west-east air transport in the 

troposphere of temperate latitudes, is involved in the mechanism of the formation of cycles. 

The 60-year cycle is associated with changes in the intensity of the vortices (during periods 

of warming, their deepening occurs), and the 200-year cycle - with modifications of their spatial 

position (they expand with warming). 

The external cause of cycling is associated with the rhythm of solar activity. A phase shift of 

20–25 years between the secular dynamics of sunspots and the state of circumpolar vortices is 

revealed. 

Addition of cyclic components on the verge of the XX and XXI centuries. has already led to 

a change in warming by cooling, as evidenced by the trend towards a decrease in global temperature 

in the second half of the 2000s. A number of other researchers share similar views [5, 6], although 

there are significant discrepancies in the identification of periods of solar rhythm and the description 

of mediator climate mechanisms. 

As you see, currently there is not any commonly accepted model of climate change. There is 

a wide set of models, retrospective assessments, and forecasts. It is to be noted, that till now there is 

not also a unified point of view on the role of anthropogenic activity in climate change. In general, 

the amount of greenhouse gases in the atmosphere is not in a strong correlation with the atmospheric 

temperature if we will study enough long time periods. At the same time, all the “man-made” 

greenhouse gases are a very small part of their global content in the atmosphere. But in any case, the 

global policy is aimed today on the reduction of anthropogenic emissions. Thus, the main “producers” 

of greenhouse gases, incl. energy sector builds their development policy according to this challenge. 

Our present lecture is devoted to the problems of the input of the energy sector into the climate change 

problem and to the formation of climate policy. 

The regulation of greenhouse gases is based on the system of scientifically justified norms 

and standards. That is why we will get acquainted with standards of emissions. 

Climate action and energy sector 

Climate action is one of the 17 sustainable development goals (fig. 1). And as we said many 

times before, no one of these goals cannot be reached individually. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Sustainable development goals. 

Thus, the goal of climate action is most closely connected with at least 6 goals. These are: 

 economic growth, 

 affordable and clean energy, 
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 Industry, innovation and infrastructure, 

 sustainable cities and communities, 

 life below water and on 

But also, all another 9 goals are not less important and finally,  factors of the achievement of 

the climate action goal or are under influence of it. 

How significant are emissions of the greenhouse gases, is possible to see on the Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Global greenhouse gases emissions by gas (fig. 2a), by economic sector (fig. 2 b), by 

country (fig. 2 c). Source: Core Writing Team, R.K. Pachauri, and L.A. Meyer (eds.)]. IPCC, Geneva, 

Switzerland, 151 pp. IPCC (2014): Climate Change 2014: Synthesis Report. Contribution of Working 

Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 

Taking into account the distribution of the main GHG sources (economic sectors or countries) 

the energy development policy is to be created and implemented. The efficiency of this policy can be 

illustrated by the global trends in GHG emissions (fig. 3). 

  

http://www.ipcc.ch/pdf/assessment-report/ar5/syr/AR5_SYR_FINAL_All_Topics.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/AR5_SYR_FINAL_All_Topics.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/AR5_SYR_FINAL_All_Topics.pdf
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Fig. 3. GHG dynamics in EU during 1990-2016. Source: EEA, Eurostat 

 

As shown, the global emissions amount reduced virtually by 25% from the level of 1990 

during the period 1990-2016. 

One of the leading organizations making assessments and scenarios on global climate change 

is an International Panel on Climate Change (IPCC). According to their estimations, over 76% of the 

global greenhouse gases emissions is CO2. The energy sector provides over 35% of the emissions and 

is a leader, leaving behind other industries. Among the main “greenhouse-countries” the first position 

belongs to China; then follow: 

 US (15%), 

 EU (28 countries) with 9%, 

 India (7%), 

 Russia (5%), 

 Japan (4%). 

 All the rest of the world produce about 30% of 

It is to take into account, that we need to consider all the sets of gases identified as greenhouse 

gases. Among them, CO2 belongs not to the biggest greenhouse potential. Also, we need to control 

NO2, methane, F-gases. But for the models and for the more understandable representation of data 

we use so-called “CO2-equivalent”. 

According to the IPCC, the total annual anthropogenic GHG emissions (GtCO2eq/yr) by 

groups of gases 1970 – 2010 is formed by (fig. 4): 

 CO2 from fossil fuel combustion and industrial processes; 

 CO2 from forestry and other land use (FOLU); 

 methane (CH4); 

 nitrous oxide (N2O); 

 fluorinated gases covered under the Kyoto Protocol (F-gases). 

These main sources of GHG produce currently over 49 Gt GHG emissions. 
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Fig. 4. Total annual GHG emissions. Source: IPCC, 2014: Summary for Policymakers. In: 

Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change. Sourse: Edenhofer, O., R. 

Pichs- Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. 

Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and J.C. Minx 

(eds.). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

 

On the right side of the figure, GHG emissions in 2010 are shown again broken down into 

these components with the associated uncertainties (90 % confidence interval) indicated by the error 

bars. Total anthropogenic GHG emissions uncertainties are derived from the individual gas estimates. 

Comparing Fig. 3 and Fig. 4 we can see a clear difference in the GHG-emissions trends in 

Europe and in the world in general. In this case, the regional policy can be presented as a real example 

of real progress in the “greening” or increase of sustainability. As said, the role of the energy sector 

in the global emissions is practically the leading. On the fig. 5 there are scenarios for 4 main drivers 

of global GHG emissions. 
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Fig. 5. Main drivers of the global GHG emissions. Source: Kadner, et al., 2014: Technical 

Summary. In: Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group 

III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press, Cambridge, United Kingdom and New York, NY, USA. 

 

Scenarios harmonized with respect to a particular factor are depicted with individual lines. 

Other scenarios are depicted as a range with median emboldened; shading reflects interquartile range 

(darkest), 5th – 95th percentile range (lighter), and full range (lightest), excluding one indicated 

outlier in panel a). Scenarios are filtered by model and study for each indicator to include only unique 

projections. Model projections and historic data are normalized to 1 in 2010. GDP is aggregated using 

base-year market exchange rates. Energy and carbon intensity are measured with respect to total 

primary energy. 

The presented trends in energy intensity of GDP, the carbon intensity of energy, population 

growth, and the GDP pro capita dynamics are multidirectional, but in any case, despite the forecasted 

economic growth and population dynamics we see clearly decrease in energy intensity of GDP as 

well as any stability (at least, not a visible growth) in carbon intensity. Of course, such forecasts take 

into account the active implementation of the “decarbonization” policy with a visible reduction of 

GHG production virtually in all sectors of the industry. 

Low-carbon world 

Thus, the regulation of global emissions is aimed at the new production and consumption 

model called “low-carbon” (Fig. 6). 
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Fig. 6. Historical CO2 emissions (1990-2016) and emissions reduction targets (2020, 

2025, 2030) for the top ten emitting Parties, excluding China and India. Source: CO₂ EMISSIONS 

FROM FUEL COMBUSTION OVERVIEW (2018 edition). IEA, 2018 

 

Among the basic international documents on the reduction of greenhouse gases emissions, the 

most important is a Paris Agreement. The Paris Agreement on climate protection is founded 

on Nationally Determined Contributions (NDCs) made by countries, which are intended to outline 

their “highest possible ambition” to address climate change including reducing GHG emissions. 

NDCs are have to be updated every 5 years; each new NDC is to represent a progression from 

the previous one. 

Current NDCs cover the period from 2020 to 2030 (2025); they most include quantitative 

emissions reductions targets 

The long-term goals of the Paris Agreement are: 

 to limit temperature rise to “well below 2°C above pre-industrial levels” and 

 to pursue efforts to limit the rise to 5°C. 

Countries aim to reach global peaking of GHG emissions as soon as possible” and “to 

undertake rapid reductions thereafter” to “achieve a balance between anthropogenic emissions by 

sources and removals by sinks of GHGs in the second half of this century,” equating essentially to 

achieving net-zero emissions by this time. 

Some historical data, current state, and goals according to the Paris Agreement for the largest 

emitters you can see on the next slide (table 1). 

Table 1. The global CO greenhouse gas reduction targets of the ten largest emitters (based on 

2016) emissions and IEA member countries* 

Ten highest 

emitting Parties 

(as per IEA 

estimates of 

CO2 emissions 

from fuel 

combustion in 

2016) 

1990 2005 2016 2020 GHG 

target 

Base 

year 

level 

2016 

level 

% change 

to 2016 

NDC GHG target 

MtCO2 

China (incl. 

Hong Kong) 

2 

122 

5 

448 

9 

102 

Emissions 

/GDP 40-45% 

below 

2005 

0.72 

kgCO2/ 

2010 

USD 

PPP 

0.46 

kgCO2/ 

2010 

USD 

PPP 

-36% Reduce CO2 per 

unit of GDP by 60-

65% below 2005 
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United States 4 

803 

5 

703 

4 

833 

17% below 

2005 

5 703 

Mt 

4 883 

Mt 

• 15% 26-28% reduction 

by 2025 below 

2005 levels 

European Union 4 

027 

3 

922 

3 

192 

20% below 

1990 

4 027 

Mt 

3 192 

Mt 

-21% 40% reduction 

compared to 1990 

levels 

India 529 1 

072 

2 

077 

Emission/GDP 

20- 

25% below 

2005 

0.30 

kgСО2/ 

2010 

USD 

PPP 

0.26 

kgCO2/ 

2010 

USD 

PPP 

•        13% Emissions/GDP 

33-35% below 

2005 levels 

Russian 

Federation 

2 

164 

1 

482 

1 

439 

15-25% below 

1990 

2 164 

Mt 

1 439 

Mt 

-34% 25-30% below 

1990 levels 

Japan 1 

037 

1 

164 

1 

147 

3.8% below 

2005 

1 164 

Mt 

1 147 

Mt 

-6% 26% below 2013 

levels 

Republic of 

Korea (Korea) 

232 458 589 None   589 Mt   37% below BAU 

emissions of 850.6 

Mt CO2 e in 2030 

Islamic Republic 

of Iran (Iran) 

171 418 563 None  X  4% below BAU of 

1540 Mt CO2 in 

2030: 12% with 

international 

support 

Canada 420 540 541 17% below 

2005 

540 Mt 541 Mt +0% 30% below 2005 

levels 

Saudi Arabia 151 298 527 None  X  Annual GHG-

emission 

abatement of up to 

130 Mt CO2e 

Other IEA member countries 

 1990 2005 2016 2020 GHG 

target 

base 

year 

level 

2016 

level 

change % 

to 2016 

  

MtCO2 

Australia 260 372 392 5% below 

2000 

levels 

335 Mt 392 Mt + 17% 26-28% below 

2005 levels 

New Zealand 22 34 30 5% below 

1990 levels 

22 Mt 30 Mt +40% 30% below 2005 

levels 

Norway 27 35 36 40% below 

1990 

27 Mt 36 Mt +29% 40% below 1990 

levels 

Switzerland 41 44 38 20% below 

1990 

41 Mt 38 Mt -7% 50% below 1990 

levels. 35% 

anticipated 

reduction by 2025 

Turkey 129 216 339 None    21% emission 

reduction below 

BAU of 1175 Mt 

CO2e 

Mexico 257 412 445 30% below 

BAU scenario 

906 Mt 

CO2 

(2020 

BAU) 

445Mt 51% 

below 

BAU 

2020 

level 

22% below BAU 

*Source: CO₂ EMISSIONS FROM FUEL COMBUSTION OVERVIEW (2018 edition). IEA, 

2018 
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As you see, the highest amounts of reduction reach up to 40…50% for different countries. 

The participants of the agreement are China, the US, the EU, India, Russia, Japan, the Republic of 

Korea, Iran, Canada, Saudi Arabia. 

Limiting atmospheric peak concentrations over the course of the century — not only reaching 

long-term concentration levels — is critical for limiting transient temperature change (Fig.7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Total emissions of GHG: AR5 scenarios. Source: Edenhofer O., R. Pichs-Madruga, Y. 

Sokona, S. Kadner, et al., 2014: Technical Summary. In: Climate Change 2014: Mitigation of Climate 

Change. Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change. Cambridge University Press, Cambridge, United Kingdom and New York, 

NY, USA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. GHG emissions with different assumptions for negative emissions. Source: Edenhofer 

O., R. Pichs-Madruga, Y. Sokona, S. Kadner, et al., 2014: Technical Summary. In: Climate Change 

2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, 

United Kingdom and New York, NY, USA. 
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 Mitigation scenarios reaching about 450 ppm CO2eq in 2100 typically involve temporary 

overshoot of atmospheric concentrations, as do many scenarios reaching about 500 ppm or 

about 550 ppm CO2eq in 2100. Reaching atmospheric concentration levels of about 450 to 

about 500 ppm CO2eq by 2100 will require substantial cuts in anthropogenic GHG emissions 

by mid-century 

 Reaching atmospheric concentration levels of about 450 to about 650 ppm CO2eq by 2100 

will require large-scale changes to global and national energy systems over the coming 

decades. (high confidence). Scenarios reaching atmospheric concentrations levels of about 

450 to about 500 ppm CO2eq by 2100 are characterized by a tripling to nearly a quadrupling 

of the global share of zero- and low-carbon energy supply from renewables, nuclear energy, 

fossil energy with carbon dioxide capture and storage (CCS), and bioenergy with CCS 

(BECCS), by the year 2050 relative to 2010 (about 17 %) 

Some key characteristics of the mitigation scenarios for the greenhouse gases emissions 

mentioned above are presented in the table 2. 

Table 2. GHG emissions: key characteristics of mitigation scenarios 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Source: Edenhofer O., R. Pichs-Madruga, Y. Sokona, S. Kadner, et al., 2014: Technical In: 

Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 

Cambridge, United Kingdom and New York, NY, USA. 

  

In any case, regulation measures lead not only to the positive effects. Sometimes, the costs of 

the implementation of such measures are enough high. The main co-benefits and adverse side-effects 

of the main mitigation measures in the energy supply sector presented in the table 3. 

Table 3. Co-benefits (green arrows) and adverse side-effects (orange arrows) of the main 

mitigation measures in the energy supply sector 
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↑↓ a positive/negative effect on the respective objective or concern; 

? an uncertain net effect. 

 

The effects depend on local circumstances and on the implementation practice, pace, and 

scale. 
Source: Edenhofer O., R. Pichs-Madruga, Y. Sokona, S. Kadner, et al., 2014: Technical Summary. In: 

Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 

Cambridge, United Kingdom and New York, NY, USA. 

 

Among other things, these changes include the replacement of coal-based thermal energy with 

nuclear or renewable or fossil CCS. All these variants have a complex of economic, social, 

environmental, and some other consequences, positive and negative. 

So, for the variant “nuclear-replacing coal power”, the economic consequences will be: 

 Positive: improvements in energy security and local employment impact; 

 Negative: increase in the legacy cost of waste and abandoned 

Among the environmental issues there are: 

 Positive: decrease of the impact on the ecosystems because of reduction of air pollution; 

 Negative: probable consequences of nuclear 

On the same principle is constructed the evaluation of other variants. 

Regulation of the greenhouse gases emissions  

Talking about this sphere of regulation, we need to consider that the efforts of one country, 

without coordination with partners and the environment, cannot give the full effect. That is why it is 

important, that the regulation is coordinated on the international level. 

In table 4 there some general information about the ISO 14000 – Environmental management 

standards, part of which is devoted to the GHG emissions regulation. 
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Table 4. Environmental management standards on the GHG emissions regulation 

Subcommittee Subcommittee Title Published standards Under 

development 

ISO/TC 207/SC 1 Environmental management 

systems 

5 5 

ISO/TC 207/SC 2 Environmental auditing and 

related environmental 

investigations 

1 1 

ISO/TC 207/SC 3 Environmental labelling 6 0 

ISO/TC 207/SC 4 Environmental performance 

evaluation 

4 5 

ISO/TC 207/SC 5 Life cycle assessment 11 2 

ISO/TC 207/SC 7 Greenhouse gas management 

and related activities 

8 9 

 

The ISO 1406* group provides specifications with guidance at the organization and project 

level for quantifying, monitoring, and reporting of greenhouse gas emission reductions or removal 

enhancements. 

The organization-level applies to an organization's greenhouse gas inventory (includes the 

requirements for the design, development, management, and reporting of the inventory). 

The project level (requirements for planning a greenhouse gas project and 

identifying/selecting sources, sinks, and reservoirs). 

Additional information is provided for validating and verifying greenhouse gas assertions and 

for use in accreditation or other forms of recognition. 

The current list of the standards is presented on the following slide 

 ISO 14064-1:2018 Greenhouse gases - Part 1: Specification with guidance at the organization 

level for quantification and reporting of greenhouse gas emissions and removals 

 ISO 14064-2:2006 Greenhouse gases - Part 2: Specification with guidance at the project level 

for quantification, monitoring, and reporting of greenhouse gas emission reductions or 

removal enhancements 

 ISO 14064-3:2006 Greenhouse gases - Part 3: Specification with guidance for the validation 

and verification of greenhouse gas assertions 

 ISO 14065:2013 Greenhouse gases - Requirements for greenhouse gas validation and 

verification bodies for use in accreditation or other forms of recognition 

 ISO 14066:2011 Greenhouse gases - Competence requirements for greenhouse gas validation 

teams and verification teams 

 ISO 14067:2018 Greenhouse gases - Carbon footprint of products - Requirements and 

guidelines for quantification 

 ISO/TR 14069:2013 Greenhouse gases - Quantification and reporting of greenhouse gas 

emissions for organizations - Guidance for the application of ISO 14064-1 

 ISO 14080:2018 Greenhouse gas management and related activities - Framework and 

principles for methodologies on climate actions 

Thus, the directions of regulation include: 

 Organization of quantification and reporting of greenhouse gas emissions and removals; 

 Validation and verification of greenhouse gas assertions; 

 Requirements for greenhouse gas validation and verification bodies for use in accreditation 

or other forms of recognition; 

 Competence requirements for greenhouse gas validation teams and verification teams; 

 Evaluations for the carbon footprint of products; 

 Framework and principles for methodologies on climate 

Interrelations of the regulated issues and the general scheme of management is presented on 

the Fig. 9. 
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Fig. 9. Interrelations of ISO environmental management standards of GHG regulation 

 

As environmental management standards, the above-shown documents are aimed at the 

development of the own policy of the organization for the reduction of GHG emissions. But in the 

case of GHG, this needs also to organize the accounting virtually at the same time. Thus, inventory 

and regulatory projects are to be developed virtually parallel to each other. 

The methodology of GHG inventory requires to apply the standard schemes describing the 

relations between sources and “sinks” of GHG in the framework of an organization. In general, such 

a scheme is to be organized as shown in the ISO 14064-1-2012 standard (Fig. 10). 
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Fig. 10. Relationship between GHG sources, sinks and facilities. Key: x is the number of 

facilities within the organizational boundary; n is the number of GHG sources or sinks at the facility. 

Source: ISO 14064-1 

NOTE 1 An organization's GHG emissions and removals are aggregated from facility-level 

quantification of GHG sources and sinks. 

NOTE 2 The organization ought to be aware that a GHG sink in one period might become a 

GHG source in another period or vice versa. 

Under development is now a group of standards, that are to regulate the issues of: 

 quantification, monitoring, and reporting of greenhouse gas emission reductions or removal 

enhancements; 

 verification and validation of greenhouse gas statements; 

 requirements for greenhouse gas validation and verification bodies for use in accreditation or 

other forms of 

Currently, these are the following documents: 

 ISO 14064-2 Greenhouse gases -- Part 2: Specification with guidance at the project level for 

quantification, monitoring, and reporting of greenhouse gas emission reductions or removal 

enhancements 

 ISO 14064-3 Greenhouse gases -- Part 3: Specification with guidance for the verification and 

validation of greenhouse gas statements 

 ISO/CD 14065 Greenhouse gases -- Requirements for greenhouse gas validation and 

verification bodies for use in accreditation or other forms of recognition 

 ISO/AWI 14082 Radiative Forcing Management-- Guidance for the quantification and 

reporting of radiative forcing-based climate footprints and mitigation efforts 

 ISO/FDIS 14090 Adaptation to climate change -- Principles, requirements, and guidelines 

 ISO/CD 14091 Adaptation to climate change -- Vulnerability, impacts and risk assessment 

 ISO/AWI TS 14092 GHG Management & related activities: requirement & guidance of 

adaptation planning for organizations including local governments and communities 
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 ISO/AWI 14097 Framework and principles for assessing and reporting investments and 

financing activities related to climate change 

 ISO/NP 19694-1 Stationary source emissions -- Determination of greenhouse gas (GHG) 

emissions in energy-intensive industries -- Part 1: General aspects 

One of the basic positions for the regulation of greenhouse gases emissions in ISO14060 

standard group is principles of the GHG inventory and accounting: 

1. Relevance: Ensure the GHG inventory appropriately reflects the GHG emissions of the 

organization and serves the decision-making needs of internal and external 

2. Completeness: Account for and report on all GHG emission sources and activities within the 

chosen inventory boundary. Disclose and justify any specific 

3. Consistency: Use consistent methodologies to allow for meaningful comparisons of 

emissions over time. Transparently document any changes to the data, inventory boundary, 

methods, or any other relevant factors in the time 

4. Accuracy: Ensure that the quantification of GHG emissions is systematically neither over nor 

under actual emissions, as far as can be judged, and that uncertainties are reduced as far as 

practicable. Achieve sufficient accuracy to enable users to make decisions with reasonable 

assurance as to the integrity of the reported 

5. Transparency: Address all relevant issues in a factual and coherent manner, based on a clear 

audit trail. Disclose any relevant assumptions and make appropriate references to the 

accounting and calculation methodologies and data sources 

Based on these principles the strong regulatory system can be constructed. But as all the ISO 

management standards, this system is adjusted to the specific features of each organization. This 

allows us to expect the most efficient regulation in the sphere of greenhouse management in an 

organization independent of its branch belongingness. 

International collaboration on climate protection in the energy sector 

And finally, we come to the last part of our lecture – international collaboration on climate 

protection in the energy sector. 

You have seen some names of the international organizations making policy in energy 

development or maintaining the decision making. These are in particular, International Energy 

Agency, IPCC, UNFCCC, OECD, OPEC, and a variety of branch-specific institutions. 

The main directions of the collaboration on climate protection in the energy sector include: 

 Gathering the relevant information for the decisions making: inventory and accounting 

 Creation the models and scenarios 

 Development of the common policy on climate protection 

 Implementation of policy, incl. international agreements, standards, reporting and 

management initiatives 

 Monitoring and corrections 

 Science and education for the climate-friendly energy 

In conclusion, we emphasize that it is active international cooperation and the implementation 

of jointly developed solutions to control and reduce greenhouse gas emissions should ensure the 

development of the energy complex under the most favorable scenario. 

Among most authoritative international organizations active in the sphere of the world energy 

sustainability and GHG emissions regulation there are the following institutions. 

UNFCCC secretariat (UN Climate Change), established in 1992 after the countries adopted 

the United Nations Framework Convention on Climate Change (UNFCCC). Supports a complexof 

bodies serving to advance the implementation of the Convention, the Kyoto Protocol, and the Paris 

Agreement. Provides technical expertise and assists in the analysis and review of climate change 

information reported by Parties and in the implementation of the Kyoto mechanisms. It also maintains 

the registry for Nationally Determined Contributions (NDC) established under the Paris Agreement, 

a key aspect of the implementation of the Paris Agreement. https://unfccc.int/about-us/about-the-

secretariat 

https://unfccc.int/about-us/about-the-secretariat
https://unfccc.int/about-us/about-the-secretariat
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IPCC - the Intergovernmental Panel on Climate Change (IPCC) is the United Nations body 

for assessing the science related to climate change. Created in 1988 by the World Meteorological 

Organization (WMO) and the United Nations Environment Programme (UNEP). The objective is to 

provide governments at all levels with scientific information that they can use to develop climate 

policies. IPCC reports are also a key input into international climate change 

negotiations https://www.ipcc.ch 

International energy agency - the global energy authority providing data, analysis, and 

solutions on all fuels and all technologies; helping governments, industry, and citizens make good 

energy choices. 

 

Home task 

1. Describe the climate policy of your country. 

2. What is the role of the international standardization of the realization of climate policy? 

 

Questions for the self-control 

1. What are the long-term goals of the Paris Agreement? 

2. What are the main GHG emitters? 

3. What countries are participants of the Paris agreement? 

4. List 19. Principles of the GHG inventory/ accounting 
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