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This paper analyzes energy efficiency in Serbia. The analysis has been done on
the basis of energy intensity indicators for Serbia and neighboring countries, and
some other countries and regions. It relates to the period of some ten years and it is
directed to the consideration of required interventions regarding the change of the
National Energy Efficiency Policy. Regardless of constant attempts to improve and
increase energy efficiency and to expand utilization of renewable energy sources,
it seems that accomplished results are still very modest. The analysis of several en-
ergy indicators and their changes in the midterm period confirms this statement.
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Introduction

In the most recent literature dealing with energy economics, it is discussed more and
more about the relation between economic growth and energy consumption [1-12]. Interna-
tional Energy Agency (IEA) (www.iea.org) has been gathering and statistically processing data
which affect energy sector at the national level. The Agency has energy data for numerous
countries at the annual level. The IEA synthesizes gathered data into following indicators:
TPES/population (toe/capita), TPES/GDP, TPES/GDP (ppp), EE consumption/ population,
CO,/TPES, CO,/population, CO,/GDP. This database has been used for analyses and calcula-
tions in this paper.

The availability of all forms of energy at affordable prices is an encouragement for
both economic and social development of a society. At the same time, the energy sector is ac-
countable for approximately 75% of total emissions of greenhouse gases (GHG) thus causing
the main reason of climate change. As a result of correlative development of international con-
cerns because of climate change and safety of energy supply, the last decade is faced with the
growing awareness of politicians and wide public about issues associated with energy and the
creation of a new energy pattern directed towards energy efficiency. Energy efficiency typically
refers to energy consumption and it is not easily achievable because there are various stakehold-
ers i. e., participants at the energy efficiency market are different, and they should be encour-
aged to accept energy efficiency as a way of doing business and finally as a way of living. This
requires a change in a way people think. Since a more efficient use of energy is undoubtedly
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of general interest, in particular with reference to the fight against climate changes, there is a
need for interventions in the energy efficiency policy in order to remove barriers for achieving
and improving efficiency. The instruments of energy efficiency policy for promoting energy
efficiency should not only stimulate the market for higher efficiency but also to achieve cleaner
environment, higher standard of living, more competitive industry and safer energy supply. In
addition, they should be complied with actual market needs and adaptable to variable market
requirements and aimed at the best way to implement objectives.

In spite of excellent energy policies all over the world headed by the European Un-
ion (EU), which is an indisputable leader in energy efficiency and in the fight against climate
change, there are no remarkable results in the reduction of energy consumption [13, 14]. There-
fore, the fulfillment of energy efficiency requires new innovative approaches whose main char-
acteristic is their changeability [14]. This means that energy policy should be adaptable and
innovative and its making, evaluation and implementation should be continuous. This paper
is a result of detailed and long time analysis of reasons for relatively small shifts in the area of
energy efficiency and scanty utilization of renewable energy sources in Serbia and in neighbor-
ing countries. This analysis has explicitly shown that the main reasons are inadequate and slow
institutional organizing and application of state instruments aimed at own strategies implemen-
tation. Unfortunately, even some developed countries have not fully reached their strategic
objectives in this area. For this reason, the energy efficiency is in this paper observed primarily
as a continuous and adaptable process which should in the best way present available technical
solutions to those who should utilize these solutions.

Serbian energy system

Serbia shares borders with Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Hun-
gary, the Former Yugoslav Republic of Macedonia and Romania. Serbia’s terrain ranges from
rich, fertile plains of the northern Vojvodina region, limestone ranges and basins in the east to
geological old mountains and hills in the central, southeast and southwest parts [12].

The climate of Serbia varies from moderate continental climate in the northern Pan-
nonia lowlands along the rivers Sava and Danube and in the foothill zone inland of the country,
to alpine climate in the high mountain regions.

Out of the total land area of Serbia about 5.6 million ha are suitable for agriculture of
which only 57,000 ha are irrigated. Forests cover approximately 30% of the Serbia’s territory.

Energy balance Table 1. Participation of energy types in TPES in Serbia
(2009) (in megatons of oil equivalent [Mtoe] on a net calo-
rific value basis) [6]

Total consumption of primary

0,
energy in Serbia was 14.448 Mtoe in Coirﬁg};eat [l\g.tgle ; Sg./SO]
2009, out of which domestic produc- Crude oil 5085 | 207
tion accounted for 60%, and imports Oil products 0.958 6.6
for 40%. Domestic production of pri- Gas 1.395 9.7
mary energy includes exploitation and Nuclear 0 0.0
the use of domestic resources of coal, G Hydro 0.881 6.1

. eothermal, solar, efc. 0.046 0.3
crude oil, natural gas and renewable Combustible renewables and wastes 0.287 2.0
energy sources (hydro-potential, fuel Electricity 0.123 09
wood, and bio-diesel). The energy Heat 0 0.0
balance of Serbia is given in tab. 1. Total 14.448 | 100
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Energy structure

The energy sector of Serbia consists of the following:

(1) Oil sector within which the following is performed:

— domestic exploitation of crude oil (annual production of approximately 0.6 Mt of crude
oil),

— import, export and transport of crude oil and oil derivates,

— processing of crude oil in two refineries (annual production of approximately 4.0 Mt of
oil derivatives), and

— oil derivatives distribution and trade.

Oil transport is performed predominantly trough the trunk oil pipeline (JANAF) from

Omisalj in Croatia to oil refineries in Pan¢evo and Novi Sad in Serbia. Total installed petroleum

refineries capacity is 7.8 Mt per year (4.8 Mt in Pancevo and 3 Mt in Novi Sad), while their

current operating capacities are reduced to 6.6 Mt.

(2) Natural gas sector within which the following is performed:

— domestic exploitation of natural gas (annual production of approximately 0.3 million m
of natural gas) and

— import, transport and distribution to natural gas consumers.

(3) Coal sector which consists of:

— three open pit mines in three mining basins: Kolubara, Kostolac and Kosovo-Metohia
basins (the latter temporarily not operating as part of the energy system of Serbia) and

— underground mines.

Over 95% of the total coal production from open pit mines is used for power production.

(4) Power sector consists of:

— electricity production in power plants with installed power of 7,120 MW (3,936 MW in
lignite-operated thermal power plants, 2,831 MW in hydropower plants and 353 MW in
heavy fuel oil or natural gas thermal power plants-district heating companies),

— power transmission systems with 10,200 km of 400, 220 and 110 kV power lines and
about 15.8 GVA installed in the transformer stations, and

— power distribution systems.

(5) District heating system existing in 50 cities of Serbia consists of decentralized heat sourc-
es with installed power of about 6,000 MJ/s and appropriate distribution networks. The
systems are used for heating residential and office space of about 450,000 flat equivalents.

(6) Industrial energy system includes heating sources with 6,300 MJ/s installed in several
hundred industrial companies of Serbia. They are used for the production of industrial
steam and heat for the production process purposes and for heating premises. In about 30
industrial companies, there are power plants which enable combined production of thermal
energy and power (with a capacity of about 250 MW), the largest number of which has not
been operational for a long time.

Basic characteristic of all parts of mentioned energy system is significant obsoles-
cence of technology and low energy efficiency, as well as currently disturbing and in the long
term unacceptable technological condition from the standpoint of environmental protection.

3

Energy sources of Serbia

The volume and structure of energy reserves and resources of Serbia are very unfa-
vorable. The reserves of quality energy products, such as oil and natural gas, are small (less
than 1% in total balance sheet reserves of Serbia), while the remaining 99% of energy reserves
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consist of various types of coal, predominantly low-quality lignite, with the share of over 92%
in the total balance sheet reserves. Lignite is extracted from two open pit mines in Kolubara
and Kostolac with yearly production of 35 Mt of lignite. Hard and brown coals are produced in
underground mines with annual production of 0.6 Mt.

Domestic production of crude oil and gas is small and covers only 15% of energy
demand (more than 80% of oil and gas are imported).

The most important renewable energy resource of Serbia is hydro energy estimated
at around 17,000 GWh annually. 10,000 GWh of hydro potential has been used so far. Some
7,000 GWh of hydropower potential in Serbia is still unused, which represents about 7.5% of
the total final energy consumption in 2009. Furthermore, there is room for the construction of
individual medium size hydro power plants (HPP) with power over 10 MW and annual produc-
tion of about 5,200 GWh. At about 900 potential locations on Serbian rivers, including small
rivers, possibilities have been determined for the construction of small hydropower plants (of
up to 10 MW), with possible production of about 1,800 GWh/year.

The energy potential of biomass is very significant and amounts to over 3 Mtoe per
year (the potential of small hydro power plants is about 0.4 Mtoe). The energy potential of exist-
ing geothermal energy in Serbia is nearly 0.2 Mtoe in the province of Vojvodina, the Sava Basin,
Macva, the Danube basin and in wider region of Central Serbia, as well as in existing spas.

The Energy sector development strategy of the Republic of Serbia by 2015

This document defines five basic priorities:

(1) continuous technological modernization of existing energy facilities/systems /sources, in
the following sectors: oil, natural gas and coal including strip mining and underground min-
ing, power sector with production facilities-thermal power plants, hydropower plants and
thermal power plants-district heating companies and transmission system, i. e. distribution
system, and thermal energy sector-district heating companies and industrial power plants;

(2) economical use of quality energy products and energy increase in the energy efficiency in
the production, distribution and utilization of energy by end consumers of energy-related
services;

(3) use of renewable energy sources and new, more energy efficient and environmentally ac-
ceptable energy technologies and installations/equipment for energy utilization;

(4) extraordinary/urgent investments in new power sources, with new gas technologies; and

(5) long term development and regional strategic priority of constructing new energy infra-
structure facilities and electric and thermal power sources within energy sectors of Serbia,
as well as capital-intensive energy infrastructure, within the frameworks of regional and
Pan European infrastructure systems connected with our systems.

According to the Energy Law and the Strategy, the Ministry of Mining and Energy
prepared Program for Implementation of Energy Sector Development Strategy for the Period
from 2007 to 2012 which was adopted by the Serbian Government in January 2007. This Pro-
gram is a Decree defining conditions, method and time schedule of the Strategy implementation
for the following energy items:

— coal sector (underground and open pit mines),

— oil sector (domestic exploitation, refineries and transport),

—  gas sector,

— electric power sector (hydropower plants, thermal power plants, distribution and transmis-

sion),

—  district heating system,
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— industrial energy sector,

— energy efficiency in final energy consumption sectors (industry, transport, buildings), En-
ergy Efficiency Fund, and

— environmental protection in energy sector.

There are also several other strategies which have already been prepared or which are
in the process of preparation and they will be of further relevance for the energy sector (Strategy
for Sustainable Development, National Strategy for Sustainable Use of Natural Resources and
Goods, Strategy for Introducing Cleaner Production).

Despite the fact that the period for the implementation of these documents has not yet
expired, it can be said that the results are very poor. This fact and the reasons for poor results
will be discussed below.

Energy efficiency indicators

Energy efficiency should be understood as a set of organized activities which are un-
dertaken within the boundaries of a defined energy system with an aim to reduce the consump-
tion of input energy, harmful gases emissions and energy costs at the unchanged degree of pro-
vided services or the creation of new value in the production process within the defined system
[15]. The very definition indicates also the complexity of a problem arising from the need to
connect people, procedures and technologies in order to accomplish consistent and continuous
improvements in energy efficiency.

However, the energy efficiency today is predominantly the matter of technology and
not of knowledge. New technologies are very often not critical and very aggressively imposed
to users without essential proofs of their efficiency in relation to formerly used technologies.
Mainly, only unconvincing marketing explanations are given which do not provide sufficient
knowledge for someone who is supposed to apply this new technology. It is obvious that new
technologies have been made by improving old ones and thus it is not reasonable to reject old
technologies without detail analysis.

Because of its complexity, there are no doubts that energy efficiency is difficult to
measure. There are six indicators which are most frequently used and also employed in various
situations. These are [14]:

(1) Energy intensity — The relation between energy consumption (measured in energy units:
toe, Joule) and activity indicator measured by monetary units (gross domestic product,
added value). Energy intensity is the only indicator which can be used for the assessment
of energy efficiency at the high aggregation level at which it is not possible to character-
ize an activity by means of technical or physical indicators, i. e., at the level of the whole
national economy or the sector.

(2) Specific consumption — It connects energy consumption with activity indicator which is
measured by physical units (tones of steel, number of vehicles, efc.) or with an energy con-
sumption unit (vehicle, dwelling unit, efc.). As a matter of fact, it is more used in industrial
plants, in buildings or in transport when the efficiency of certain machines or objects or
devices is measured.

(3) Energy efficiency index — provides overall assessment of trends in the energy efficiency
sector. It is calculated by means of weighted average of sub-sector indicators (towards end
users, manner of transportation, etc.). The reduction implies the improvement of energy
efficiency. Such an index is more relevant for understanding the reality of changes in en-
ergy efficiency than the energy intensity indicator. Some of the years in the period which
has been analyzed are taken as the base ones (100%).
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(4) Diffusion indicator — There are three types of these indicators: 1) market penetration

of renewable energy sources (number of sold biomass boilers, percentage of fuel wood
boilers for heating, efc.); 2) market penetration of efficient technologies (number of sold
energy saving electric bulbs, percentage of electrical appliances with the A grade, etc.); 3)
diffusion of energy efficient practice (number of passengers using public transport, non-
motor transport, percentage of goods transported by railway, combined passenger—railway
transport, percentage of efficient processes in industry, efc.). Diffusion indicators have
been introduced in order to supplement existing energy efficiency indicators because they
can easily be tracked. Their aim is to improve interpretation of trends which have been
noticed relevant to energy efficiency indicators.

(5) Adjusted energy efficiency indicators — refer to differences which exist among countries

()

relevant to climate, economic structures or technologies. The comparison of energy efficien-
cy performance in different countries is important only when it is based on such indicators.
External factors which can affect the consumption of energy include: a) weather conditions;
b) degree of load; c) operating hours of public buildings; d) degree of utilization of installed
equipment; e) level of production; f) added value, including GDP changes; g) planned uti-
lization of installations and vehicles; h) relationship with other departments, etc. Some of
these factors are important for the correction of aggregate indicators whereas the others will
be used only for individual plants in which energy efficiency measures have been made.
Target indicators — are aimed at providing referent values which will show possible im-
provements of desired energy efficiency or possibilities for energy efficiency in a certain
country. In a way, they show similar resulting values but they are determined at the macro
levels assuming careful interpretation of differences. Their aim is to define the distance to
the average of three best countries; this indicates the benefits that can be generated.

Even at the first sight it is clear that it is not possible to use all listed indicators success-

fully in all situations and that they have been defined in order to satisfy certain practical require-
ments in a better way. Figure 1 shows the IEA energy efficiency indicator pyramid covering as
many aggregation levels as possible, actively pushing the attainable level further down by de-
veloping new indicators for lower aggregation levels and gathering additional data. Data avail-
ability decreases the number of countries for which indicators can be developed to ever smaller
sub-sectors of IEA member countries at lower aggregation levels. These data provides the indi-
cators that give the most insight into the underlying drivers that determine energy trends over

time and explain differ-

Energy balances Total by ences between countries.
eetors All initiatives agree on the

National accounts, Sectoral Bottom-up limitations of hlgh level
census, efc. intensities approach indicators and indicate a

Aggregate approach

A preference for physical in-

(top down) Structure: Subsectoral surveysof — djcators as being closer to
subsectoral intensities energy, use, structure .

the actual drivers of energy

] consumption than those
Attributes: Surveys of users and

utilizations, quality, efc. equipment, estimates based on monetary units.
The IEA uses historical

o Measurements of trend analysis to assess the

Process efficiencies processes and equipments impacts of past develop—

ments in energy efficiency
Figure 1. The energy efficiency indicator pyramid and compare the results
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across countries. The IEA also uses benchmarking against best practice to determine where the
largest improvement potentials exist in industry [14].

In addition to listed indicators, it is possible to define some other ones which are
needed in different analyses and in particular, when indicators of different countries and regions
are compared.

This paper deals with the analysis of indicators which refer to the whole country and the
offered analysis is aimed at the comparison of these energy indicators among the countries and
regions. The tab. 2 gives key indicators for Serbia and 8 neighboring countries, for Denmark, for
the EU 27 and for the World. It is logical to compare Serbia and neighboring counties since they
have considerable similarities both relevant to energy systems and to energy carriers which they
use. In addition, the table shows data for Denmark, not a large European country with an excep-
tionally high GDP per capita, extremely high technologies in the area of energy efficiency and
in particular, in the area of renewable energy sources. Also, Denmark is the only EU 27 country
which exports energy. Key indicators are also given for EU 27, to which Serbia is striving, as well
as for the World to which it belongs. The IEA database has been used for this purpose. Data for
Montenegro are incomplete as they do not exist in the above mentioned database and we have not
used other databases on purpose as we wanted to avoid frequent mutual inconsistencies.

Table 2. Key indicators for Serbia, neighboring countries, EU 27 and the world

. > Electricity CO,
Country' a5 Land area Population GDP GDP (ppp) TPES FS— tiont | emissions’
regton [km?] [million] | [US$ 2000] | [USS$ 2000] | [Mitoe] [TWh] | [MtofCO,]
Serbia (112) 88,3617 732 9.00 33.13 14.45 30.96 46.26
Croatia (126) 56,594 4.43 28.35 63.14 8.7 16.44 19.77
Bosnia and
Herzegovina 51,197 3.77 8.14 33.13 5.95 10.8 19.09
(127)
Albania (143) 28,748 3.16 5.88 18.16 1.72 5.58 27
Macedonia
N 25,713 2.04 441 14.95 278 7.08 8.34
Montenegro
(160 13,812 0.67
z{lhl‘g“)gary 93,028 10.02 56.40 147.51 24.86 37.82 48.16
é‘;’;‘a‘“a 238,391 21.48 56.00 199.91 34.41 48.69 78.36
ﬁ‘(‘)lsg)a“a 110,879 7.59 19.29 74.84 17.48 33.38 4221
Denmark
133 38,394 5.52 167.73 161.21 18.61 34.5 46.78
EU 27 4,324,782 500.37 9481.59 | 12007.61 165579 | 3037.15 3576.79
World 148,940,000 6760.75 3967441 | 6424443 | 1214985 | 184515 2899935

(1) Figure in brackets means order of the country by land area starting form the biggest (out of 236 countries. The largest
country is Russia -11.5%, and the smallest one is Vatican City - 0.0000003%).

(2) GDP is on a purchasing power parity (ppp) basis divided by population as of year 2009.

(3) UN area figure includes Kosovo, which has an area of 10,887 km? and has declared independence. The area of Serbia
without Kosovo is 77,474 km®.

(4) Gross production + imports — exports — losses.
(5) Emissions from fuel combustion only.
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Table 3 shows compound indicators for the same countries and regions, excluding

Montenegro as already explained.

With reference to other countries and regions, it can be concluded that in Serbia:

— population density is on the average relevant to our neighbors, much lover than in Den-
mark, higher than in the EU 27 and much lower than in the world,

— the consumption TPES per capita is on the average relevant to our neighbors, much lover
than in Denmark and the EU 27 and approximately identical with the world,

— the consumption TPES/GDP (ppp) is unfortunately the highest and even higher than in the
world,

— the physical indicator of electrical energy consumption per capita is among the highest in
the neighborhood but much lower than in Denmark and the EU 27. Since economic activi-
ties in Serbia are still very poor, the high consumption of electrical energy implies that it
is used irrationally and for non-industrial purposes and that it does not contribute to the
increase of the GDP; and

— unfortunately, CO, emissions per TPES consumption are among the highest and very high
per capita taking into considerations the population density in Serbia and in other countries.

Table 3. Compound indicators for Serbia, neighboring countries, EU 27 and the world

a. & > g 0 . A o = g
a =S = - .8 2.9
| £ 28|25 |E| 2|28 BE | BB
E| B |48 |3Z| 3| Q|58 82| 52
£ = o L 35 o S o 19 Q5
g = = M S Q © (=1 O &

Country or region =
2| £ |=8| £ | 2| 8|28| E~| E¢
2 3 s 2 ) L ) Q o a2
Sl 2 18s| £ |S|<S|»2| 28| g2
E|=8| &2 |=2|2 == 2 8
Serbia (112) 83 1.97 0.44 4,230 [3.20 |6.32 | 1.40 1,230 4,526
Croatia (126) 78 1.96 0.14 3,711 (227 (446 | 0.31 6,400 14,253
Bosnia and Herzegovina (127) 74 1.58 0.18 2,865 |[3.21 [5.06 | 0.58 2,159 8,788
Albania (143) 110 0.54 0.09 1,766 |1.57 [0.85 | 0.15 1,861 5,747
Macedonia, FYRM (148) 79 1.36 0.19 3,471 [3.00 |4.09 | 0.56 2,162 7,328
Hungary (110) 108 2.48 0.17 3,774 (194 [4.81 | 0.33 5,629 14,722
Romania (82) 90 1.60 0.17 2,267 [2.28 |3.65 | 0.39 2,607 9,307
Bulgaria (105) 68 2.30 0.23 4,398 |2.41 [5.56 | 0.56 2,542 9,860
Denmark (133) 144 3.37 0.12 6,250 [2.51 |8.47 | 0.29 | 30,386 | 29,205
EU 27 116 3.31 0.14 6,070 [2.16 |7.15 | 0.30 | 18,949 | 23,997
World 45 1.80 0.19 2,729 (239 |4.29 | 045 5,868 9,503

We are going to show below the change of the following physical indicators during
time: 1) total primary energy supply (TPES) per capita, 2) electricity consumption per capita,
and 3) CO, emissions per capita. These indicators will be examined for Serbia and Denmark.
On the basis of their trends, we are going to assess the degree of energy efficiency develop-
ment at the national level. These indicators are not given for other countries exclusively for
the lack of space herein. These indicators for both Serbia and Denmark are shown in figs. 2 and
3. Denmark has been chosen because it is the world’s leader in development and utilization of
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energy efficient technologies and renewables, and because it is a country slightly smaller than
Serbia but economically by far ahead of Serbia.

The presented trends in the change of energy indicators in the previous period are
without large oscillations in Denmark and with a falling trend. In Serbia, it is quite the opposite.
Oscillations are much more pronounced but at the same time, all three mentioned indicators
have growing trends.

There is the growth of TPES consumption per capita in the conditions of mild de-
crease of population and very apparent economic stagnation which shows the absence of posi-
tive effects of energy efficiency measures.

If this is accompanied by the growth of CO, emissions then, this is yet another con-
firmation of the poor energy efficiency and also of the absence of the corresponding use of
technologies for renewable energy sources. The growth of electrical energy consumption per
capita can be explained in the same way. Taking into account the present economic stagnation,
it can be concluded that the increased energy consumption is not used for the purpose of the
GDP growth but only for the purpose of raising the standard of living.

12

T . . .
2= SERBIA Basic social and economic char-
Z s | acteristics:
5= 10 . . .
L jz] —
222 Electricity mild fall of populatlot}
=z g consumplion/population — slowdown of economic
228 8 growth
8§52 — considerable growth of pri-
£5s 61— mary energy consumption per
g£gs capita
223 .
5% 4 — considerable growth of elec-
=2 .= & . .
gz x trical energy per capita
Z 5 o2 — considerable growth of car-
& g TPES/population bon dioxide emissions per
= .
’ | | capita

2000 2001 2oloz 2003 2004 2005 2006 2007 zolns 2009 — GDP(ppp) population =
=4,526 US$ (2000) in 2009

Year

Figure 2. Some energy indicators in Serbia from 2001 to 2009

12 1 I
COypopulation DENMARK Basic social and economic char-
10 | = 0 acteristics:
?ﬁmﬂ — very mild growth of popula-
| [ J _ tion
— stable economic development

p T = T I . 7 iy . — stagnation in the consump-

Electricity tion of primary energy per
consumplion/population capita

n/population [ MWh/capital,

2 /population [t CO,/capita]

— stagnation of electrical en-
ergy consumption per capita
— considerable fall of carbon
dioxide emissions per capita
GDP (ppp)/population =
=30,386 US$ (2000) in 2009

ra

TPES/populati

TPES/population [toe/capita], Electricity

2000 2002 2004 2006 2008 2010

Year

Figure 3. Some energy indicators in Denmark from 2001 to 2009
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In the previous illustration of comparing Denmark and Serbia, it can be seen that the
situation in Denmark is completely different. There is a constant fall of TPES consumption and
CO, emissions and the stagnation in the consumption of electrical energy. And, above all, the
GDP per capita in Denmark is several times higher than in Serbia.

Based on the above facts, it can be concluded that the energy efficiency in Serbia is at
a very low level. Although there are numerous studies and papers which indicate potentials and
propose measures for the increase of energy efficiency, the large scale result has failed to occur.
It is quite likely that a roadway to energy efficiency increase is through the essential change in
the energy efficiency policy and in the introduction of elements of control and management in
the process of its implementation.

The evaluation of energy efficiency policy effects:
monitoring & verification (M&V)

As the first step in the preparation of the energy efficiency program, it will be necessary
to determine how policy instruments (or the package of instruments) are expected to influence the
improvement of energy efficiency. On the basis of clearly explained assumptions, the instruments
of energy efficiency policy will be created, that is, well devised means for cost-effective
improvement of energy efficiency market performance. The participants in the preparation of
the energy efficiency program should predict in the way which is as precise as possible the
effects of energy efficiency policy instruments before they are going to be implemented. This is
discussed as the policy evaluation ex-ante or the policy’s evaluation beforehand during which
the impacts (social, technological and financial) of policy instruments will be predicted. The
expected impact and cost-effectiveness of instruments will be evaluated and compared with the
usual operating scenario in which no instruments are applied. The evaluation ex-anfe involves
the assessment of expected impact in the sense of energy saving, as well as the cost-effectiveness
of policy instruments. However, those who are preparing the energy efficiency program do not
have sufficient experience and knowledge to confirm whether the evaluation has been good
and therefore, the preparation of such a program should be public, i. e., all stakeholders and
interested parties and market participant who can contribute in the overall understanding of
planned instruments effects should be involved. As opposed to the ex-ante evaluation, the ex-
post evaluation is used after some time has elapsed after the use of an instrument in order to
assess the effects of its application and respond to two crucial questions:

— How much has the instrument contributed to the fulfillment of the policy’s objectives (the
instrument’s efficiency)?

— The instrument’s efficiency is measured as its net effect with reference to the objective
of the energy efficiency policy. The net effect is equal to the difference between the
amount of energy which is used before and after the utilization of the instrument and it
is determined in line with the previously determined baseline.

— Has the instrument been cost-effective, i. e., could the objectives have been fulfilled in
a cheaper way?

— The cost-effectiveness is a ratio between additional costs which the application of an instru-
ment imposed on the end user, the society as a whole or the government and its net impacts.
The government’s costs are related to the implementation of the energy efficiency policy,
administration, implementation of regulations, monitoring and assessment, subsidies
and tax relieves. In other words, the instrument’s cost-effectiveness is evaluated in order
to determine how well the public money has been used to achieve socially beneficial
objectives. The costs for end users are determined on the basis of the energy price,
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secondary investments and operating costs, as well as the costs for maintaining energy
efficient measure.
However, the instruments of energy efficiency policy can have other effects as well, and it
is necessary to raise the third question:

— What has the application of the energy efficiency policy’s instrument also affected?
The most frequently mentioned side effects of the energy efficiency policy are benefits
for the environment and opening of new jobs which are positive effects with respect to
environmental, social and economic stability and progress. Sometimes, however, negative
effects are also possible. For example, the compact fluorescent bulbs use much less energy
and have longer lifetime and in the world’s fight against climate changes they are starting
to fully replace the “old” incandescent light bulbs. But, they also bring some other hazards,
such as a small amount of highly toxic mercury they contain. The policy makers have to be
aware of these relations and often compromises have to be done — in this case, the compro-
mise is between efficiency and health risk.

The answers to these questions refer to the ex-post evaluation. This goes beyond the
evaluation of finally achieved energy savings and tries to reveal the factors of success and fail-
ure enhancing in that way our knowledge about results achieved at the market. The enhanced
knowledge enables the improvement of the effectiveness of the energy efficiency policy’s in-
strument and redefining of the energy efficiency policy. This requires both qualitative and
quantitative assessments and it is desirable that they are supported by empirical data about
the policy performance. The most important is the cause — impact relationship supplemented
by indicators which measure the existence of the cause — impact relationship and then, the
relationship between the success and failure factors (qualitative) with other instruments of the
energy efficiency policy (other instruments can enhance or mitigate the effect of analyzed in-
struments). In the evaluation, empirical data are also very important as they are additional and
often the only indicators of certain instruments impacts.

The evaluations ex-ante and ex-post should be supported by quantitative data, i. e.,
by data about the improvements of energy efficiency which have actually been realized by the
implementation of policy instruments and energy efficiency improvement projects. For these
purposes, monitoring and verification (M&V) of energy savings are used. M&V are essentially
the part of any energy efficiency policy — as they include the overall improvement of energy
efficiency and assess the impact of individual measures. M&V procedures include two major
methodological approaches: top-down and bottom-up. Both approaches must be combined in
order to evaluate appropriately and as exact as possible the success of the national energy ef-
ficiency policy and to evaluate the impact of energy efficiency improvement measures

The top-down calculation method means that a starting point for the calculation of energy
savings is national or large aggregate sectoral energy savings. This is a purely statistical approach
which is often called an energy efficiency indicator because it indicates accomplishments.

The top-down methodology is based on the collection of extensive data sets for not
only energy consumption but also for various factors influencing it, and on the calculation
and monitoring of energy efficiency indicators. The main advantage of using the top-down
methods is their simplicity, lower costs and reliance on the existing systems or energy statistics,
which is required for the development of the country’s energy balance. On the other hand, these
indicators do not consider individual energy efficiency measures and their impact and they do
not show cause and effect relationships between measures and their resulting energy savings.
Determining such indicators requires huge amount of data (it is necessary to have not only
energy statistics, but also the whole set of macro and micro economic data that are influencing
energy consumption in all sectors of end users), and data availability and reliability are often
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questionable in practice, and sometimes it is necessary that these data are determined and
assessed by experts. Nevertheless, the energy efficiency indicators make an inevitable part of
the energy efficiency evaluation (both ex-ante and ex-post) as they are the only means to make
a starting point for own performance against the performance of others, to reveal the potentials
and determine policy objectives, to measure the success, i. e., failure, of the energy efficiency
policy instruments and to track down the progress made in achieving defined objectives.

The bottom-up method means that energy consumption is reduced as a result of the im-
plementation of specific energy efficiency improvement measure and it is measured in kilowatt-
hours [kWh] and Joules [J] or in tons of oil equivalent [toe] which is added to energy savings
results by applying other specific energy efficiency improvement measures in order to obtain an
overall impact of the implementation of the defined energy efficiency policy. Thus, the bottom-
up M&V methods are oriented towards the evaluation of individual energy efficiency projects
and they are rarely used for the evaluation of overall energy efficiency policy impacts.

M&V approach is directed to the fact that the absence of energy use can be only deter-
mined by comparing measurements of energy use which has been made before (baseline) and
after (post-retrofit) the implementation of energy efficiency measure or which can be expressed
in a simple equation:

Energy saving = Baseline energy use — Post-retrofit energy use £ Adjustments )

The baseline conditions can be changed after the energy efficiency measures are in-
stalled and the “adjustment” (can be positive or negative) in eq. (1) in order to reduce the energy
use in two periods (before and after) under the same conditions, sometimes significantly compli-
cate the procedure. The conditions which determine the energy use are weather conditions, load,
throughput of the plant and equipment which are required for necessary operations. These fac-
tors must be taken into account and analysed after measures are undertaken and adjustments are
made in order to ensure correct comparisons of the state pre- and post-retrofit. This kind of M&V
scheme (which is often called ex-post) can be very expensive but it guarantees the detections of
real savings. The costs are related to actual measurements, i. e., to the measurement equipment.
To avoid large costs, only the largest or unpredictable measures should be analysed in this way.

Individual energy efficiency projects might also be evaluated using well reasoned
estimations of impacts of individual energy efficiency improvement measures. This approach
(often called ex-ante) means that the introduction of a certain type of energy efficiency meas-
ures provides a certain amount of energy savings prior to its actual realization. This approach
has significantly lower costs and it is especially appropriate for measures which can be repeated
and for which it is possible to make reasonable estimate through an agreement. There are also
some “hybrid” solutions that combine ex-ante and ex-post approaches in the bottom-up M&V.
This hybrid approach is often called parameterized ex-ante method. It is applied in measures
for which energy savings are known but they may differ depending on a number of restricted
factors (for example, availability factor or the number of working hours). The results of this
approach can be more accurate than the results obtained by using the pure ex-ante methodology
and the costs of M&V are not much higher.

The success of the national energy efficiency policy has to be constantly monitored
and its impact evaluated. Findings obtained during evaluation will be used to make changes in
the energy efficiency policies and for their higher effectiveness. Regardless of the importance
of the evaluation of the energy efficiency policy, it is often neglected. The energy efficiency
programs are often adopted by governments and parliaments and afterwards they are not inter-
ested in achieved results. Therefore, it is very difficult to set up a completely operable system
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for the evaluation of energy efficiency as it requires the change in the structure and practice of
main stakeholders participating in the preparation of the energy efficiency policy. Additionally,
such an evaluation should be supported by M&V procedures which require comprehensive data
collection and the system’s analysis in order to determine energy efficiency indicators that will
quantify the effects of the energy efficiency policy.

The key for making an effective energy efficiency policy

For the energy efficiency policy to be successful, it should be the result of learning
and knowledge both theoretical and practical. The closed loop is the most appropriate descrip-
tion for the policy making (fig. 4) which consists of the following stages:

(1) Policy design:
— Policy definition — objectives, tasks, approaches for different target groups, legal and
regulatory frameworks,
— Policy instruments development — incentives, penalties, standards, technical and finan-
cial support,
(2) Policy implementation — institutional framework, stakeholders, human resources, capaci-
ties and capability development, supporting infrastructure (ICT), and
(3) Policy evaluation: monitoring of achieved results through energy statistics and energy ef-
ficiency indicators, qualitative and quantitative value of impacts of the policy instruments.

Decision on redesigning
energy efficiency policy

-~
A ]

Suceessful
implementation of
energy efficiency proj

Evaluation of energy
efficiency policy

U
. Repetition
-

Implementation of
energy efficiency policy

* CHANGE

[ ENERGY EFFICIENCY
L MARKET

Drafting of energy
efficiency policy

MARKET ASSESSMENT

Figure 4. Changeability of energy efficiency policy

The energy efficiency policy is in its essence the program of market transformation
which implies strategic interventions that cause permanent changes in the structure or function
of markets for all energy efficient products/services/practices.

It is based on the following key pillars:

— the program of energy efficiency policy measures which will remove market barriers iden-
tified in the stages of development of individual energy efficiency projects,

— the policy interventions adaptable to market conditions which ensure sustainability of energy
efficiency improvements by repeating successfully implemented energy efficiency projects,
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— the policy instruments which should enable all market players (the government, the private
sector, consumers, equipment producers, service sector, financial institutions, efc.) to find
their own interest in the improvement of energy efficiency, and

— the improvements of energy efficiency which are the result of supply and demand interac-
tions based on competitive market forces.

Therefore, before we start with the preparation of a draft energy efficiency program,
it is necessary to perform a market assessment. The market assessment will reveal its maturity
which is extremely important since different measures have different effects and they are ap-
propriate for different markets, i. e., for markets with various maturity levels. This means that
some measures can stimulate market introduction, whereas other measures can accelerate com-
mercialization or increase the overall demand for energy efficient products and services. The
market analysis is required in order to identify market forces that have to be strengthened by
incentives, i. e., weakened by penalties. The measures should be carefully devised in order to
overcome identified market barriers.

Conclusions

It is obvious that the preparation and drafting of an energy efficiency program is not
one time job. It is a continuous process that should create conditions for the energy efficiency
market to make suitable decisions. Therefore, approaches to markets as complex systems of
supply and demand interactions should be changed and this change should be directed towards
efficiency, environmental benefits and social wellbeing. However, there are some barriers
which prevent functioning of the energy efficiency market in the best way and based on these
barriers it will be necessary to make a choice of energy efficiency policy instruments. These
instruments should be flexible so that they can respond to market requirements and enable
the accomplishment of objectives in the best possible way, i. e., with the lowest costs for the
society. Because of the fast changing market conditions, energy efficiency programs can no
longer be documents which remain unchanged for several years. The evaluation of the energy
efficiency policy should become common. Future research work to support energy efficiency
policy making should be exactly directed towards the elaboration of methodology that will be
able to qualitatively and quantitatively evaluate effectiveness and cost-effectiveness of energy
efficiency policy instruments and enable the selection of the best program for energy efficiency
measures in dependence of current development stage of the energy efficiency market.

The evaluation procedures will advance and deepen our knowledge on success or
failure factors of the energy efficiency policy. The analysis of the current situation shows
that energy efficiency policies world-wide fail in accomplishing desired objectives in terms
of energy consumption reduction. The main reason lies in the lack of understanding and
focus on capacities for the implementation of the energy efficiency policy which are totally
undeveloped, insufficient and inappropriate for ambitious objectives that have to be achieved.
It is necessary to understand that the energy efficiency policy will not be implemented by itself
and that capacities and capabilities are required in all social structures. The situation can be
improved if we accept the system of energy management both in public services and in private
sector. Additionally, with the positive pressure from civil society organisations and media,
the understanding of energy and climate change issues will improve, gradually changing the
society’s mindset towards higher efficiency.

The national energy policy should be relied on the following:
e ultimate and continuous promotion of energy efficiency in all energy sectors,
o full use of renewable energy sources and reduced consumption of imported fossil fuels,
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e development of service providers sector in order to achieve previous objectives (production
of insulation materials, boilers for the use of biomass, small plants for the production of
biogas, solar collectors, etc.), and

e modification of economic and financial mechanisms aimed at the implementation of previ-
ous objectives.

Perhaps it may seem to someone that such conditions for the national energy effi-

ciency policy have already been said, but this paper primarily insists on the control of the im-

plementation of energy efficiency policy measures.

Acronyms

GDP — gross domestic product, [US$]

GDP (ppp) — GDP dollar estimates derived from purchasing power parity (ppp) calculations. Purchasing power
parity (ppp) is a theory of long-term equilibrium exchange rates based on relative price levels of
two countries, [US$]

TPES — total primary energy supply, [ktoe] (indigenous production + imports — exports — international
marine bunkers + stock changes)
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