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If you predict what will take place in the market, it will certainly prove to be
wrong. Saying by Margus Vals.

INTRODUCTION

Motivation of the study

Energy is an essential part of the social and economic development of any country
and nation. Due to increasing awareness of the environmental impact of energy
production, the goal of national energy policies is not only to guarantee a secure
and cost-effective energy supply, but also to minimize the harmful side effects and,
eventually, develop a sustainable energy system. Despite the increasing
investments in research and development of the utilization of the renewable energy
sources, the total energy production from fossil fuels is most likely going to
continue its growth at a considerable rate.

Estonia is a small country where electricity production, mining and processing
of oil shale form a regional economic complex with its difficulties. Estonia is the
only country in Europe that has a significant oil shale mining industry and 95 % of
Estonian electricity is produced by oil shale power plants. The Baltic States are
facing a complex situation of breaking up the monopoly and developing a free
electricity market issues in the European Union accession negotiations. Estonia has
also applied for a transition period for the development of the oil shale-based
energy sector.

The trend of liberalization and changes in the Estonian energy market, related to
the European Union's strict technological and environmental requirements, give
rise to the need to develop the modeling of new scenarios for the energy sector in
Estonia by mitigating the environmental impacts of electricity production and using
new, less environment-damaging technology. The easiest way to develop scenarios
is to use energy planning modeling.

Modeling is one of the complicated forecasting methods. In recent years, a large
number of energy planning models have been developed for energy system
analysis, including demand forecasts, supply forecasts and impacts of policy shifts
on the overall energy systems. Energy planning models often become useful when
analyzing complex systems involve a lot of data; they help to understand the
relationships between the different parameters and work out development scenarios
in any country. Energy planners and researchers could develop their own models
for energy planning exercises, but in practice it is not feasible for several reasons
(time consuming, level of complexity, financial limitations, etc.). Instead of
developing a new model, the existing ones can be used, but the key question is to
decide which model should be used. Energy models are based on different
fundamental approaches and concepts, and employ a range of mathematical
algorithms. As a consequence, these models vary considerably and the question
arises which model is the most suited for a certain purpose or situation. The



different goals in energy planning are regularly contradicting each other, which
makes planning a complex issue and gives rise to a multitude of compromises.

Objectives of the thesis

Objectives of the thesis are:
= analysis and evaluation of the existing energy models in the world;
= development of the selection criteria and selection of the several energy
models for the analysis of the energy market in Estonia;
= practical testing of the applicability of the selected models to Estonia.
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ABBREVIATIONS AND SYMBOLS
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The Integrated MARKAL-EFOM System
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Modular Energy System Analysis and Planning Software
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Dissemination Strategy on Electricity Balancing for Large Scale
Integration of Renewable Energy
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Hydrogen from Renewable Energy Sources
Energy Technology System Analysis Project
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Combined Heat and Power

Internal Rate of Return

Net Present Value

Gross Domestic Product

Gross Domestic Income

Medium-Sized Enterprises

Videocassette Recorders/ Videocassette Players
Houshold

Televisor

Transmission and Distribution

Circulating Fluidized Bed Combustion
Estonian kroon

Technology and Environmental Database
Reference scenario

Low-growth scenario

High-growth scenario

10



NUC
REN
HYB
LHYB
HHYB
RES

P

|

X

DS

L
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X1, X2
y

a,b

z

uj, |j, fi, bi
A

Unit prefixes

THQE R

Nuclear capacity scenario
Renewable energy scenario
Hybrid scenario
Low-growth-hybrid scenario
High-growth-hybrid scenario
Reference Energy System
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imports

exports

stock changes

losses and own consumption in the energy sector
total end-use
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variables, input parameters
output parameter

coefficients

the objective function
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the constraint matrix
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Mega, 10°
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Tera, 10"
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1 ELECTRICITY SUPPLY IN ESTONIA
1.1 Estonian Power System

Estonian Power System today is the compound complex, where oil shale fired
power plants, combined heat and power plants, wind turbines and hydro plants
work together.

AS Narva Elektrijaamad is one of the leading producers and sellers of electricity
in Estonia and the Baltic region, a competitive company in line with environmental
requirements. AS Narva Elektrijaamad supplies Estonian consumers with
electricity, generating about 95 % of electricity produced in Estonia, and furnishes
the city of Narva with heat. The company is also engaged in sales of fly ash, which
can be used in agriculture and production of construction materials. In the begining
of 2008 the electric capacity of the Narva power plants was 2 002 MW, with
1 346 MW installed at the Eesti power plant and 656 MW installed at the Balti
power plant. The installed thermal capacity was 84 MW and 400 MW respectively.
The main achievement of late years is introduction of a new technology of oil shale
combustion in the circulating fluidized bed at Unit 8 of the Eesti Power Plant and
Unit 11 of the Balti Power Plant. Application of the new technology has enabled
improvement of the operational efficiency as well as considerably decreased the
amount of hazardous emissions.

Iru Power Plant, the biggest producer of thermal power and the third biggest
producer of electrical power in Estonia, produced 1 085 GWh of thermal power
and 345 GWh of electrical power in 2008. Natural gas is the fuel used, with liquid
fuels providing backup. The electrical capacity of Iru Power Plant is 190 MW, and
its heat capacity is 648 MW (398 MW in co-generation mode). Today the situation
on the heating market of Tallinn has changed and the new competitor Vdo Power
Plant has been started to work from December 2008 with 50 MW of heat and
25 MW of electrical capacity. The basic heat load of 50 MW is supplied by Vio
Power Plant and Iru Power Plant is using as peak energy producer for heat
supplying of Tallinn.

AS Kohtla-Jirve Soojus (Kohtla-Jarve District Heating Network) with heat
capacity 10 MW and electrical capacity 15 MW supplies heat to the towns of Johvi
and Ahtme and sells electric power to Eesti Energia AS. The company owns the
oil-shale-fired Ahtme co-generation plant operating since 1951, and the thermal
power networks in the Ahtme-JShvi region. On July 2009 it was decided to
construct the boilerhouse in Ahtme for reserve and peak loads. Accroding to
international treaties current station in Ahtme can work until the end of next year,
and the new, environmentally friendly, economical and reliable in operation
boilerhouse will produce heat on January 2011.

Péarnu and Tartu town are supplied by Parnu and Tartu cogeneration plants.

Power plants using renewable energy, such as Virtsu wind turbine and
Linnamie and Keila-Joa hydroelectric plants, produced 1.2 % of the annual
electrical energy production in 2008. Estonia has in operation about 59 MW of
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wind capacity. The largest wind parks are Paldiski 18 MW, Viru-Nigula 24 MW
and RGuste 8 MW [I].

The Eesti Energia Renewable Energy main project is Narva Wind Park that will
become the biggest in Estonia, providing around 1.5 % of the annual electricity
production of Eesti Energia, and being able to cover the power consumption needs
of a town of 15000 inhabitants. Two wind turbines will be built with a total
capacity of 150 kW on the island of Ruhnu. The turbines will be connected to the
island’s power system and will produce 50-75 % of the power required by island
residents. Another project of Eesti Energia is co-generation plant in Viljandi
County for the production of electrical energy and fertilisers from biomass and
liquid pig manure. The electrical capacity of the planned co-generation plant will
be about 1.7 MW and the thermal power capacity about 1.9 MW. Thermal power
will be used in the production of biogas and to cover the heat requirements of the
pig farm [1]. The waste incineration plant will be built in the territorium of Iru
Power Plant with electrical capacity 19 MW and thermal capacity 50 MW by year
2012.

The total electricity and heat production in Estonia by energy sources in 2008
are presented in Figure 1 and 2 [2].

B Oil shale 93.6%
B Natural gas 2.8%
O Oil shale gas 1.9%
ORenewable 1.2%
B Peat 0.2%
B Other 0.2%

Figure 1. Total electricity generation by energy sources in 2008

@ Natural gas 39.8%
B Oil shale 34.6%
O Oil shale gas 15.0%
ORenewable  6.2%
B Peat 3.8%
@ Other 0.6%

Figure 2. Total heat generation by energy sources in 2008



1.2 Estonian electricity market

The market structure has similarities to Scandinavian model with the System
responsibility given to the transmission system operator. All market participants
are to have an open delivery contract and balance providers need a balance
agreement with system responsible party.

The Estonian electricity sector is organised around a vertically integrated utility
—Eesti Energia— a state-owned enterprise that controls the generation,
transmission, distribution as well as retail sales throughout almost all of the
country. Eesti Energia is also involved in the construction and maintenance of
energy systems. The Eesti Energia prices are under state regulation, but it is
dictating conditions and connection fees to small producers for access to its
network.

In 2008 the total net generation from all power plants in Estonia was
9 498 GWh, a decrease of 1 456 GWh over the year or 13 % compared to the year
2007 [2]. The total electricity consumption in Estonia was 7 836 GWh, a decrease
of 97 GWh over the year or 1% compared to the year 2007. The Estonian
electricity net generation and consumption by months in 2008 is presented in
Figure 3 [3].
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Figure 3. Estonian electricity net generation and consumption by months in 2008

According to the European Union requirements the Estonian electricity market
must be opened on 35 % by the end of 2008 and fully opened by the year 2013.
Liberalization of electricity market means opening of electricity production and
sales for competition when the transmission and distribution remain natural
monopolies. Today Estonian electricity market has been open for eligible
customers whose annual consumption exceeds 40 GWh since 1999. These
consumers have a right to purchase electricity from any producer or seller in the
market and an obligation to pay for network services. At present there are 13
eligible costumers in the system, they consume about 16 % of energy in Estonia.
Non-eligible customers can purchase their electricity from the grid company they
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are physically connected to or from the seller named by that grid company. Grid
companies and sellers selling energy to non-eligible customers can purchase that
energy from power plants using oil-shale mines in Estonia as the primary energy
source or from small producers with capacities less than 10 MW.

Liberalization of electricity market or opening of electricity production and
sales for competition will raise system’s efficiency and quality of services in
Estonia, but considering the small size of Estonian electricity market, the
complication of power system control, shortage of generation capacity, costs of
operating the market, volatile prices and possible lowering of supply security and
reliability due to insufficient investments in the whole region can easily surpass the
expected positive effect of liberalization [4].

Since March 2009 Eesti Energia’s electricity weighted average price limit is
509 kr/ MWh or 32.5€/MWh. In addition to domestic electricity sales Eesti
Energia exports electricity via Nordic energy exchange Nord Pool to Finland.
Electricity export price is determined by Nord Pool Finland regional price level.
Additionally the Eesti Energia Group exports electricity to the other Baltic
States [5].

€/MWh

60
50
40
30 .
\é\\// '

2005 2006 2007 2008 2009

Eesti Energia ‘s monthly average domestic market price
@ Monthly average Nord Pool Helsinki area system price
@ Monthly average Nord Pool system price

Figure 4. Eesti Energia’s average domestic market price by months 2005-2009

The strategic objective of Estonian electricity sector development plan until
2020 is to assure the optimal functioning and development of Estonian power
system in the market economy conditions and to assure in the long-term outlook
the proper supply of electricity to the consumers at lowest price possible, at the
same time implementing all reliability and environmental conditions. The main
engagements and figures concerning to energy sector development by year 2020 is
followed [6]:

e diversification of energy sources used in the generation sector, including
construction of the Estonian nuclear power plant by 2020 and decreasing
the dependency on oil-shale generation;

e by 2010, renewable electricity will form 5.1 % of gross consumption;
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e by 2020, electricity produced in combined heat and power production
stations will account for 20 % of gross consumption;

e to open Estonian electricity market for 35 % in 2009 and for all consumers
in 2013;

e the limitation of energy consumption;

e preconditions will be established for connecting with the energy systems of
the Nordic and Central European countries, including the new
interconnection Estlink 2 between Estonia and Finland.

After year 2015 about 70 % of available installed net generation capacity of
existing oil shale based units will be shut down. In operation will be two new
fluidized bed boilers in the Narva Power plants, the second generation unit in Iru
Power plant and small power plants. The Estlink cable between Finland and
Estonia, commissioned right at the end of 2006, increased the opportunities for
power imports and export from and to Estonia.

The major investments in electricity production will be:

Peat and biomass CHP-s with gross capacity of 100 MW in 2010-2015
Wind turbines with gross capacity of 618 MW by the year 2015

Ist oil shale CFBC unit with gross capacity of 270 MW in 2015

2nd oil shale CFBC unit with gross capacity of 270 MW in 2016

Natural gas combined cycle plant with gross capacity of 100 MW in 2012
Nuclear plant with gross capacity of 600 MW in 2020.

The electricity supply and demand forecast in Estonia are presented in
Figure 5 [7].

EE S G O
year

O Necessary capacity @ Peat and Biomass. @ Hydro B Windmills

OAhtme CHP B Kohtla-Jarve CHP Olru Power Plant | Narva Power Plants

Figure 5. Electricity supply and demand forecast.
1.3 Electricity transmission and distribution

Pursuant to the Electricity Market Act, Estonia may have only one transmission
system operator. The Energy Market Inspectorate issued the corresponding license
to Elering OU which is a national grid company in the electricity market.

The task of electricity distribution is to transport electricity from the nearest
transmission grid connection to consumers by using an electrical network at a

16



voltage level of 0.4-35 kV, known as the distribution network, and then decreasing
the voltage to a level suitable for consumers.

This is handled by distribution network companies, of which there are 41 in
Estonia. The largest are OU Jaotusvork, OU VKG Elektrivorgud and Fortum
Elekter AS. Suppliers buy electricity from producers, and the electricity transport
service (the network service) from distribution networks.

The Estonian energy system is interconnected with the Russian and Latvian
energy systems and as from the end of year 2006 a connection has been established
with the Finnish energy system through an underwater cable Estlink. Within the
interconnected systems (Estonian, Latvian, Lithuanian, Belarussian and Russian
electricity systems) the faults of one system have an instant effect on the other’s
performance in system management, technology, environmental protection and
other fields [3].
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Figure 6. Baltic interconnected power system in 2008

The interconnected systems also enable electricity trade and the possibility to
obtain the necessary ancillary services (i.e. frequency control, managing power
reserves etc.) to maintain system reliability with a favorable price.

1.4 Environmental impact

The environmental impact of the energy industry is among the largest of any
industrial sector, and limiting that impact is a major factor in decision-making in
the industry. The environmental policy in Estonia is, to a very large extent, based
on the environmental policy of the European Union. Estonia applies the following
internationally acknowledged environmental principles: principle of prevention;
“polluter pays” principle; principle of strategic integration (including
environmental aspects in the development strategies in all spheres of activities and
the economy); and precautionary principle. Estonian environmental legislation is
based on two main framework laws: the Act related to the Protection of Nature in
Estonia (1990) and the Act on Sustainable Development (1995). Estonian
environmental policy is generally in accordance with European Union policy. The
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Act related to Sustainable Development, adopted in February 1995, lays down the
general principles of further development. Estonia’s nature conservation and
environmental protection goals should be reached, regardless of integration with
the EU. The transposition of EU environmental legislation into Estonia’s national
environmental legislation can significantly accelerate this process. As Estonia has
joined the most important international conventions in the field of nature
conservation and environmental protection, which, in most cases, are of the same
strictness as EU norms and standards, it has fair prospects for a relatively smooth
approximation process [1].

Estonia’s electricity production is mostly based on oil shale, which is rather
carbon dioxide rich. According to national annual allowance plans for greenhouse
gas emissions approved by the European Commission, the government of Estonia
allocated to Eesti Energia Group companies a total of 9.2 million tonnes of
greenhouse gas emissions credits for the second trading period of 2008-2012,
which is about 40 % less than for the first trading period. The current size of the
allowance allocated to Eesti Energia means it will be necessary to buy additional
credits in order to meet domestic electricity demand and generate electricity for
export [5].

Due to the nature of oil shale ash, the filters to be installed in the Narva
Elektrijaamad do not use lime or any other chemical to bind sulphur, as the level of
CaO in the oil shale ash is enough to lower the SO, content of the smoke to
400 mg/nm’ or less. According to EU directive the amount of sulphur and nitrogen
compounds in the emissions must remain below 200 mg/Nm3 and concentration of
fly ash in the emissions must not exceed 30 mg/Nm3. The restrictions will also
force to act earlier than this, as regulations state that from 2012 the SO, emissions
from Narva Elektrijaamad may not exceed 25 000 tonnes a year. Various methods
of lowering the SO, level have been tested, but none has produced satisfactory
results, and research continues. Ahtme power plant, which also runs on oil shale as
fuel and where the equipment is significantly older than that at Narva
Elektrijaamad, will be closed at the end of 2010.

Natural gas is the cleanest fossil fuel, but additional steps to lower pollution
from NO, emissions even further have been taken at Iru Power Plant, which runs
on natural gas. By using more efficient furnaces with lower NOy and optimising the
location of the furnaces, the Iru plant was able to achieve the required level of
emissions in smoke of 200 mg/nm’.

Wind energy is seen by some as a danger to birds and bats, and wind turbines
also have an aesthetic effect — such installations may not suit every landscape — and
create low-frequency noise and vibration. Environmental effects from hydro plants
involve ground problems arising from the blocking and swelling of bodies of
water, and the hindrance to the movement of fishes, especially rare species, to their
spawning areas. Today there have not been built new dams, the Estonian existing
old hydro plants are restored and renovated in line with all requirements [1].
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2 ENERGY SYSTEM MODELS

Modeling is one of complicated forecasting methods. Mathematical modeling
means the describtion of economical vision by using the mathematical formulas,
equations and inequalities.

Models become often useful when analysing complex systems with large
amount of data. Through models, various linkages and effects between different
phenomena can be mathematically described and data can be processed and
updated practically. Models may, for example, help to understand correlation
between different parameters and reveal relationships that would otherwise remain
unrecognised. Sometimes a model might be needed only to understand and
interpret existing data. Scenarios and sensitivity analyses are frequently used to
estimate the influence of varying conditions on the studied system.

Real systems are normally far too complicated to be perfectly represented in a
model, and consequently many simplifications have to be done. These
simplifications, uncertainties and possible mistakes regarding model parameters,
nature’s chaotic behaviour and unforeseen phenomena among many other things
tend to make model results untrustworthy. Thus, one should have a good
understanding about the model and the data used in modelling before employing
the results. Many times the experience and knowledge of the system gained by
building a model, as well as the questions that arise during modelling process,
become more valuable than the results produced by the model. Models can be
considered rather as a way of gaining insight of complex systems than providing
direct answers for decision making.

Energy models were first developed in the 1970s because of the increasing
availability and development of the computers and the increasing environmental
awareness. Most of the energy models were built and used in industrialised
countries, so that the main assumptions about energy systems were mainly based
on the experience from these countries. Energy models are based on different
fundamental approaches and concepts, and employ a range of mathematical
algorithms. As a consequence, these models vary considerably and the question
arises which model is most suited for a certain purpose or situation.

In order to decide which model is better to use, it is important to explain the
model characteristics, structures, data and modelling methods. The ways of
classification is given in this work and the basic distinctions of the types of models
such as econometric, macro-economic, economic equilibrium, optimization,
simulation, spreadsheet/toolbox and backcasting are described. In practice, it is not
feasible to develop own models for energy planning exercises by energy planners
and researchers, more effective to use existing models, but the key question is to
decide which model should be used. A classification scheme can provide insight in
the differences and similarities between energy models and thus helps the selection
of the proper energy models.
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2.1 Model classifications

Models are built for various purposes and consequently have different
characteristics and applications. The nine ways of classification are presented in
this work [8]:

1. General and Specific Purposes of Energy Models
The Model Structure: Internal Assumptions & External Assumptions
The Analytical Approach: Top-Down vs. Bottom-Up
The Underlying Methodology
The Mathematical Approach
Geographical Coverage: Global, Regional, National, Local or Project
Sectoral Coverage
The Time Horizon: Short, Medium and Long Term

9. Data Requirements

Such classification of energy models is helpful for understanding their need,
their roles and their specificity in relation to the studies under consideration.

2.1.1 General and Specific Purposes of Energy Models

Models are usually developed to address specific questions and therefore suitable
only for the purpose they were designed for. Incorrect application of a model may
result in significant misinterpretations which cannot be ascribed to poor model
functioning but, are the responsibility of the model users. There are made a
distinction between general purposes for energy modeling (forecasting, exploring,
backcasting) and more specific purposes such as demand/ supply analysis, impact
analysis, or appraisal.

2.1.1.1 General Purposes

General purposes are the purposes that reflect how the future is addressed in the
model. There are three general purposes of energy models:

To predict or forecast the future

Because prediction is based on extrapolation of trends found in historical data,
forecasting models are usually only applied for analyzing relatively short-term
impacts of actions. A prerequisite for such an extrapolation is that critical
underlying development parameters (e.g., elasticities) remain constant.

This approach requires an endogenous representation of economic behavior and
general growth patterns and is most found in short-term, econometrically driven
economic models.

To explore the future (scenario analysis)

Exploring the future is done by scenario analysis, in which a limited number of
“intervention” scenarios are compared with a “business as usual” reference
scenario. The alternative intervention scenarios are only relevant in the context of
the reference scenario and rely on assumptions rather than parameters extracted
from past behavior. Generally, assumptions must be made about economic
behavior, physical resource needs, technical progress, and economic or population
growth. Economic behavior is usually represented or simulated either by a “least

PN RN
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cost optimization” (utility) approach or in terms of technology adoption processes.
Sensitivity analyses are crucial to provide information on the effects of changes in
the assumptions. The scenario analysis approach can be used in the so-called
“bottom-up” models as well as the “top-down” models.

To look back from the future to the present (*“backcasting™)

The purpose of backcasting models is to construct visions of desired futures by
interviewing experts in the fields and subsequently look at what needs to be
changed to accomplish such futures. This approach is often used in alternative
energy studies and can also be seen as a separate methodology. However, it is
possible to use this methodology as an analytical tool for assessing the long run
(economic) consistency of the alternatives. This way, the “bottom-up” models can
be linked with the “top-down” models.

2.1.1.2 Specific Purposes

More specific or concrete purposes of energy models are the aspects on which the
models focus, such as energy demand, energy supply, impacts, or appraisal.

I. Energy Demand Models

Demand models focus on either the entire economy or a certain sector and
regard demand as a function of changes in population, income, and energy prices.
Demand planning consists of programms elaboration to manage the demand and
provide the work of energy system with minimal costs. Energy demand models are
those, which are basically used for energy demand forecasting.

I1. Energy Supply Models

Supply models focus mainly on the technical aspects concerning energy
systems and whether supply can meet a given demand, but may include financial
aspects using a least-cost approach. Supply planning consists of capacity of power
plants, transmision and distribution planning to provide minimal costs and satisfy
the customers load needs. Energy supply models are those, which are mainly used
for energy supply forecasting.

[11. Energy System Models
Energy system models are used for overall energy system analysis including
demand, supply and balance.

IV. Impact Models

Impacts can be caused by using certain energy systems or enact certain policy
measures. Impacts may include changes in the financial/economic situation,
changes in the social situation (distribution of wealth, employment), or changes in
health and the environment (emissions, solid or liquid waste, biodiversity). Impact
models assess the consequences of selecting certain options.

V. Appraisal Models

If there are several options they need to be compared and appraised in order to
select the most suited option. Even if there seems to be only one option to be
appraised there will always be the other option of not selecting the option which
has consequences as well. The consequences or impacts of each option are
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compared and appraised according to one or more preset criteria of which
efficiency (technical as well as cost) is the most commonly used.

Recent models generally have an integrated approach in the sense that they
combine several specific purposes. Demand-supply matching models and impact-
appraisal models are common examples of integrated models, but an integrated
approach is also required to study energyeconomy-environmental interactions.
Also, almost all models include some indication of costs as a means for appraisal.
Some models are constructed as a modular package, which enables the user to
select only those modules or submodels that are relevant.

Another aspect concerning the purpose is what form of energy the model
addresses. Not all models include all forms. In fact, there exist many models which
focus on electricity exclusively. On the other hand, some models that address
“energy” as a whole, can not differentiate between different forms of energy and
thus do not deal with the fact that not all energy forms are suited for certain
purposes (e.g., there is no use in supplying more heat to the end-users if people
want to use more electrical appliances) [8].

2.1.2 The Model Structure: Internal and External Assumptions

Besides the purpose of models, the models can also be distinguished according to
their structure, more specific the assumptions on which the structure is based. For
each type of model, a decision has to be made on which assumptions will be
embedded in the model structure (the implicit or internal assumptions) and which
are left to be determined by the user (i.e., external or input assumptions). There are
distinguished four independent dimensions with which the structure of models can
be characterized:

I. The degree of endogenization

Endogenization means the attempt to incorporate all parameters within the
model equations so as to minimize the number of exogenous parameters. Predictive
models have endogenized behavior, while exploring or backcasting models use
external (or input) assumptions about behavior which make them more suited to
simulate the effects of changes in historical patterns.

Il. The extent of the description of the non-energy sector components of the
economy

Non-energy sector components include investment, trade, consumption of non-
energy goods and services, income distribution, and more. The more detailed the
model’s description of the non-energy sectors, the more suitable the model is for
analyzing the extent to which energy policy measures affect the entire economy.

I11. The extent of the description of energy end-uses
The more detailed the model’s description of energy end-uses, the more suitable
the model is for analyzing the technological potential for energy efficiency.

IV. The extent of the description of energy supply technologies

The technological potential for fuel substitution and new supply technologies
can best be analyzed if the model allows for a detailed description of technologies.
Most models with an economic background represent technology only in a highly
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aggregated manner, treating it as a black box. This makes them less suited for
analyzing different supply technologies.

For each of the four dimensions there is a range from “more” to “less” and each
energy model can be ranked somewhere on that range. As far as parameter values
are not assumed within the energy model, the model users themselves will have to
make external assumptions about these parameters. External assumptions often
include assumptions about:

I. Population growth
Other things being equal, population growth increases energy demand.

I1. Economic growth

Economic growth generally causes an increase in activities for which energy is
needed (this does not have to imply, however, that energy demand increases
because energy efficiency might increase at the same time). Another consequence
of economic growth is that it reduces the economic lifetime of energy-using
equipment.

I11. Energy demand

Energy demand is influenced by structural changes in an economy because
different sectors have different energy intensities. Furthermore, the choice of
technology and the associated energy efficiency affect the demand for energy.

IV. Energy supply

Energy supply is determined by the short-term availability of alternative
resource supplies as well as by backstop technologies which give an indication of
the cost at which an infinite alternative supply of energy becomes available (and
thus provide information on the maximum cost of a policy).

V. Price and income elasticities of energy demand

Elasticities measure the relative change in energy demand, given relative
changes in energy prices and in incomes. Higher elasticities imply larger changes
in energy use.

VI. Existing tax system and tax recycling

Taxes can have large impacts on the total costs of energy systems.

There has to be always at least one external parameter, anyway if all the
parameters of a model have to be determined exogenously, the model would be no
more than a computational device. In practice, energy models will be placed
somewhere between these two extremes [8].

2.1.3 The Analytical Approach: Top-Down vs. Bottom-Up

By the analytical approach models can be divided as top-down, bottom-up and
hybrid. The distinction between top-down and bottom-up models is particularly
interesting because they tend to produce opposite outcomes for the same problem.

The differences in outcomes of top-down and bottom-up models stem from the
distinct manners in which these two types of models treat the adoption of
technologies, the decision-making behavior of economic agents, and how markets
and economic institutions actually operate over a given period of time.
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Economics regards technology as a set of techniques by which inputs such as
capital, labor, and energy can be transferred into useful outputs. The “best” or most
optimal techniques (defined by efficient markets) determine the so-called economic
“production frontier” (see Figure 7) which can be constructed by observing actual
behavior. No investments are possible beyond this frontier. However, it is possible
to move the frontier towards the origin by means of technological progress.
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Figure 7. The production frontier from an economical perspective

A purely economic model has no explicit representation of technologies, but
uses elasticities which implicitly reflect the technologies.

Technological change in most economic models is represented by the
“autonomous energy efficiency index” and the “elasticity of substitution” between
the aggregate inputs to households and firms. Stated otherwise, technology is
treated as a black box, which makes it difficult to convert detailed technological
projections into the production functions of these models.

Engineering studies, on the other hand, are independent of observed market
behavior. They describe the techniques, the performances, and the direct costs of
all technological options in order to identify possibilities for improvement. In
practice, the technological potential differs from the “best” technologies that
represent the economic production frontier in economic models. The difference
arises due the fact that the engineering approach tends to ignore existing
constraints, while the economic production frontier is based on market behavior.
These constraints include hidden costs, costs of implementation measures, market
imperfections, macro-economic relationships (multiplier effects, price effects), and
macro-economic indicators (GNP, employment). Market behavior can be regarded
as a result of the existence of these constraints. Therefore, models which are based
on data derived from actual behavior are believed to automatically include existing

constraints.
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Another characteristic of top-down models is that they use aggregated data to
examine interactions between the energy sector and other sectors of the economy,
and to examine the overall macro-economic performance of the economy. This is
done by endogenizing behavioral relationships as much as possible. Past behavior
can then be extrapolated into the future, which makes top-down models suitable for
predictive purposes on the short term.

In contrast, bottom-up models usually focus on the energy sector exclusively,
and use highly disaggregated data to describe energy end-uses and technological
options in detail. Bottom-up models can be further subdivided into descriptive and
prescriptive models.

Descriptive models try to provide a practical estimate of the technology mix that
would result from actual decisions, based on factors such as complex preferences,
intangible costs, capital constraints, attitudes to risk, uncertainty, and market
barriers. Prescriptive studies, on the other hand, provide an estimate for the
technological potential by examining the effects of acquiring only the most
efficient existing technologies (or of minimizing explicit costs for a given service
at a system level). As a consequence, descriptive models are typically less
optimistic than prescriptive studies. In a sense, the purpose of descriptive models
tends towards prediction and it can be seen as an attempt to bridge the gap between
the engineering paradigm and the economic paradigm, while the purpose of
prescriptive models tends more towards exploration.

Top-down and bottom-up models can be combined in a hybrid approach,
depending on purpose, data requirements and desired output. For instance, many
top-down models now also allow for simulations. This implies that different
outcomes must then be ascribed to differences in external or input assumptions
rather than differences in model structure [8].

Top-down models are most useful for studying broad macroeconomic and fiscal
policies for mitigation such as carbon or other environmental taxes. Top-down
models externalise major structural changes such as lifestyles, urbanisation and
technological changes. The strengths of the top-down approach are its consistency,
its links to historic references and economic frameworks, equilibrating prices and
quantities and its data availability.

Bottom-up models are most useful for studying options that have specific
sectoral and technological implications. A bottom-up approach can be useful,
mainly because the model is independent of market behaviour and production
frontiers and because technologies are explicitly modelled. The weaknesses of
bottom-up models are that main drivers remain exogenous such as demand,
technology change and resources.

The hybrid approach leads to flexible models, because it combines the
advantages of top-down and bottom-up models. Both top-down and bottom-up
models can be useful for certain purposes of future forecasts, but the most energy
planning models are focused on bottom-up or hybrid approaches because of their
flexibility [8].
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The different aspects associated with top-down and bottom-up models are
summarized in Table 1.

Table 1. Characteristics of top-down models and bottom-up models

Top-Down Models

Bottom-Up Models

use an “economic approach”

use an “‘engineering approach”

give pessimistic estimates on

give optimistic estimates on “best”

“best” performance performance
can not explicitly represent allow for detailed description of
technologies technologies
reflect available technologies reflect technical potential
adopted by the market

the “most efficient” technologies
are given by the production
frontier (which is set by market

efficient technologies can lie beyond the
economic production frontier suggested
by market behavior

behavior)
use aggregated data for predicting use disaggregated data for exploring
purposes purposes
are based on observed market are independent of observed market
behavior behavior

disregard the technically most

efficient technologies available,

thus underestimate potential for
efficiency improvements

disregard market thresholds (hidden costs
and other constraints), thus overestimate
the potential for efficiency improvements

determine energy demand through
aggregate economic indices (GNP,
price elasticities), but vary in
addressing energy supply

represent supply technologies in detail
using disaggregated data, but vary in
addressing energy consumption

endogenize behavioral
relationships

assess costs of technological options
directly

assumes there are no
discontinuities in historical trends

assumes interactions between energy
sector and other sectors is negligible

2.1.4 The Underlying Methodology

Concerning the underlying methodology there are seven types of commonly used
methodologies:
1. econometric,

2. macro-economic,

3. economic equilibrium,
4. optimization,

5. simulation,

6. spreadsheet,

7. backcasting.
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In practice, the distinction is not always clear, the literature make a distinction
between simulation, optimization, and spreadsheet methods usually only when
referring to bottom-up models, while recent economic top-down models use
optimization and simulation techniques as well. On the other hand, econometric,
macro-economic, and economic equilibrium methods are generally only applied in
top-down models, although there are exceptions here also.

I. Econometric Models

Econometric methodologies are methodologies that apply statistical methods to
extrapolate past market behavior into the future. Nowadays econometric
methodologies are mainly used as parts of macro-economic models. They rely on
aggregated data that have been measured in the past to predict the short- or
medium-term future in terms of labor, capital, or other inputs. They are also
frequently used to analyze energy-economy interactions. So, generally, the purpose
of econometric models is to predict the future as accurately as possible using
measured parameters.

A disadvantage of this methodology is that it does not represent specific
technologies at all and could not be use for long-term planning. Also, variables are
based on past behavior and trend analysis also extrapolates past trends of energy-
economic activity. However, trend analysis is not suited for policy analysis partly
due to the fact that it requires highly aggregated data (to reduce fluctuations in
behavior over time) and does not allow for energy-economy feedbacks. It cannot
capture structural change and does not explain determinants of energy demand.

I1. Macro-Economic Models

The macro-economic methodology focuses on the entire economy of a society
and on the interaction between the sectors and well known as input-output models.
It is often applied in energy demand analysis when taken from a neo-Keynesian
perspective (i.e., output is demand determined). Input-output tables are used to
describe transactions among economic sectors and assist in analysis of energy-
economy interactions. The Input-output models are often developed for exploring
purposes, using assumed parameter and scenarios which do not necessarily have to
reflect reality.

Similar to the econometric methodology, the macro-economic methodology has
the disadvantage that it does not represent specific technologies and long-term
expectations are not taken into account.

I11. Economic Equilibrium Models

Where econometric and macro-economic methods are mainly applied to study
the short or medium term effects, economic equilibrium methodologies focus on
the medium to long term. They are used to study the energy sector as part of the
overall economy and focus on interrelations between the energy sector and the rest
of the economy. Economic equilibrium models are sometimes also referred to as
resource allocation models. Some energy-economic models consider energy price
equilibrium while balancing supply and demand. Price equilibrium energy-
economic models are basically used for policy analysis, rather than for energy
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supply and demand forecasts. Price equilibrium energy-economic models can
further be divided into two categories:

e partial equilibrium models,

e general equilibrium models.

Partial equilibrium models only focus on equilibria in parts of the economy,
such as the equilibrium between energy demand and supply.

General equilibrium models consider simultaneously all the markets in an
economy, allowing for feedback effects between individual markets.

Economic equilibrium methodologies rely on (neo-classical) perfect market
equilibrium assumptions; output is determined by supply and markets “clear”
(there exists no structural unemployment). The disadvantage of these models is that
they do not provide adequate information on the time path towards the new
equilibrium, implying that transition costs are understated.

IV. Optimization Models

Optimization methodologies are used to optimize energy investment decisions
endogenously (i.e., the results are directly determined by the input). The outcome
represents the best solution for given variables while meeting the given constraints.
Optimization is often used by utilities or municipalities to derive their optimal
investment strategies. Furthermore, in national energy planning, it is used for
analyzing the future of an energy system. Underlying assumption of optimization
methodologies is that all acting agents behave optimal under given constraints.
Disadvantages are that optimization models require a relatively high level of
mathematical knowledge and that the included processes must be analytically
defined. Optimization models often use linear programming techniques.

V. Simulation Models

Simulation models are descriptive models based on a logical representation of a
system, and they are aimed at reproducing a simplified operation of this system.
Simulation models are a “what if” tool, they calculate what would happen under
given assumptions of consumption forecasts and policies. Such models, however,
allow the users to explore different hypotheses via scenarios, and typically capture
the area of interest at a macro-economic level. These models are used to investigate
technologically oriented measures where macro-economic interactions i.e. price
effects are less important. Simulation models are especially helpful in cases where
it is impossible or extremely costly to do experiments on the system itself. They are
often used in scenario analysis.

A particular type of simulation model is achieved through accounting models.
These models set up an accounting balance for the flow of energy through an
economy for each time period usually one year. They are like assets have to equal
liabilities in a financial balance sheet, supply needs to equal consumption in an
energy balance. It can be explained mathematically by equation 1.1:

P+1-X-DS=L+C; +C_, (1)
where P - total indigenous production,
| - imports,
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X - exports,

DS - stock changes,

L - losses and own consumption in the energy sector,
C; - total end-use,

Chne - non-energy consumption.

VI. Spreadsheet Models (Tool Boxes)

In the literature the spreadsheet methodology is often mentioned as a separate
(bottom-up) methodology. Although the models all make use of spreadsheets (as
the term suggests), this term may cause some confusion because other
methodologies also frequently use spreadsheet programs as a basis. Spreadsheet
models are as “tool boxes” which often include a reference model that can easily be
modified according to individual needs.

VII. Backcasting Models

The backcasting methodology is used to construct visions of desired futures by
interviewing experts in the fields and subsequently by looking at which trends are
required or need to be broken to accomplish such futures. This approach is often
used in alternative energy studies [9].

2.1.5 The Mathematical Approach

At the level of concrete models, a further distinction can be made regarding the
mathematical approach or procedures applied in the models. Commonly applied
techniques include linear programming, mixed integer programming and dynamic
programming. The combinations of techniques within a model are also possible.
Mathematical techniques that only recently have been applied to energy planning,
such as multi-criteria techniques and fuzzy logic, are not addressed here.

I. Linear Programming (LP)

Linear programming is a practical technique for finding the arrangement of
activities which maximizes or minimizes a defined criterion, subject to the
operative constraints. All relationships are expressed in fully linearized terms.
Linear programming can be used, for instance, to find the most profitable set of
outputs that can be produced with given type input and given output prices. The
technique can deal only with situations where activities can be expressed in the
form of linear equalities or inequalities, and where the criterion is also linear. That
is, if x; and x, are inputs and y is the output, the technique is only applicable if
their relationship is of the form:

y < ax, +bx, 2)

LP is a relatively simple technique which gives quick results and demands little
mathematical knowledge of the user.

Disadvantages are that all coefficients must be constant and that LP results in
choosing the cheapest resource up to its limits before any other alternative is used
at the same time for the same item. Also, LP models can be very sensitive to input
parameter variations. This technique is used for almost all optimization models,
and applied in national energy planning as well as technology related long-term
energy research.

29



Linear optimization is aimed to find the optimal value of a linear function of a

X, X, X

certain number of variables (usually labeled “7n). An optimization

_ T
problem in an n-dimensional variable X= (X, can be generally written as
[9]:
minz = z(X,,...X,)] 3)
subject to
f,(x)zb, i=1,..,m
u;2x; 21, J=1..,n

Z is called the objective function. In the case of energy system z might be
total costs, emissions of a specific substance or the amount of employment
created by the system, for example, or a combination of them,
uj, lj, fi and bi are used to set constraints that define the space of allowed or
feasible solutions.
These constraints may include restricted availability of resources or maximum
allowable emission levels. If both z and f are linear in X, i.e.

Z=CX=) CX, 4)
j=1
f=AxeVi:if=)aXx ()
i=1

where A is the constraint matrix and all Ij are non-negative >0

I. Mixed Integer Programming (MIP)

Mixed Integer Programming (MIP) is actually an extension of Linear
Programming, which allows for greater detail in formulating technical properties
and relations in modeling energy systems. Decisions such as Yes/No or (0/1) are
admitted as well as nonconvex relations for discrete decision problems. MIP can be
used when addressing questions such as whether or not to include a particular
energy conversion plant in a system. By using MIP, variables that cannot
reasonably assume any arbitrary (e.g., small) value — such as unit sizes of power
plants— can be properly reflected in an otherwise linear model.

[11. Dynamic Programming

Dynamic programming is a method used to find an optimal growth path. The
solution of the original problem is obtained by dividing the original problem into
simple subproblems for which optimal solutions are calculated. Consequently, the
original problem is than optimally solved using the optimal solutions of the
subproblems [§].

2.16 Geographical Coverage

The geographical coverage reflects the level at which the analysis takes place,
which is an important factor in determining the structure of models. The global
models describe the world economy or situation, the regional level frequently
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refers to international regions such as Europe, the Latin American Countries,
South-East Asia, etc., although the literature uses the term “regional” or “local” in
some cases to refer to regions within a country. National models treat world market
conditions as exogenous, but encompass all major sectors within a country
simultaneously, addressing feedbacks and interrelationships between the sectors.
Examples of national models are econometric models for the short term and
general equilibrium models for the long term. The local level is subnational,
referring to regions within a country. The project level is a somewhat special case.
It usually refers to a subnational level focusing at a particular site. However, the
project level can also encompass a project on a national or even international scale,
although specific “project models” generally do not focus on these large scale
projects.

The comprehensiveness of models focusing on the global, regional, or national
level generally requires highly aggregated data and models focusing on one of
these levels often include all major sectors and macro-economic linkages between
those sectors, implying a considerable simplification of the energy sector. Local
and project models, on the other hand, usually require a bottom-up approach using
disaggregated data [8].

2.1.7 Sectoral Coverage

A model can be focused on only one sector or include more sectors. How the
economy is divided into certain sectors is crucial for the analysis. Multi-sectoral
models can be used at the international, national, as well as subnational level and
focus on the interactions between these sectors. Single-sectoral models only
provide information on a particular sector and do not take into account the macro-
economic linkages of that sector with the rest of the economy. The rest of the
economy is represented in a highly simplified way. Nearly all bottom-up models
are sectoral, but not all sectoral models use bottom-up methodologies. For instance,
top-down partial equilibrium models focus on the long term growth path of a
distinct sector [8].
2.1.8 The Time Horizon: Short, Medium, and Long Term
Based on the time horizon considered for the planning exercise, energy models can
also be classified as:

e Short-term models

e Medium-term models

e Long-term models.

The time horizon is important because different economic, social and
environmental processes are important at different time scales. Thus, the time scale
determines the structure and objectives of the energy models.

It is difficult to separate boundaries for these types of models [8]:

e econometric or input-output models are normally short-term in nature (less
than 5 years),

e energy demand, supply or energy system models are medium to long term
models (15 to 25 years),
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e global/regional models are the example of long-term models (30 to 100
years).
2.1.9 Data Requirements

Models require certain types of data. For instance, most models will require data of
a quantitative, cardinal type, some even require aspects to be expressed in
monetary units. However, sometimes data are not available or unreliable (for
instance in developing countries), in which case it might be important that the
energy model can handle qualitative or ordinal data as well. Furthermore, data may
be aggregated or disaggregated. Long-term global and national models will
necessarily need highly aggregated data with little technological detail. Great detail
in representing energy supply and consumption is only possible in models that are
specific for the energy sector [8].

2.2 Basic structure of energy system models

2.2.1 Reference energy system

The structure of a model is often illustrated with a reference energy system (RES),
which is a network depicting flows of commodities through various processes. This
network includes all energy carriers involved with primary supplies (e.g., mining,
petroleum extraction, etc.), conversion and processing (e.g., power plants,
refineries, etc.), and end-use demand for energy services (e.g., boilers, automobiles,
residential space conditioning, etc.). The demand for energy services may be
disaggregated by sector (i.e., residential, manufacturing, transportation, and
commercial) and by specific functions within a sector (e.g., residential air
conditioning, heating, lighting, hot water, etc.). The building blocks depicted in
Figure 8 represent the simplified Reference Energy System (RES) [10].
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Figure 8. Reference Energy System (RES)

The RES may be used to depict an energy system from municipal or regional
level to national and international energy supply. Individual plants are not
modelled separately, but similar plants are aggregated into processes that represent
a whole technology type. In addition to existing technologies, the RES usually
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contains a variety of alternatives and options of technologies that are not available
today, but that can be envisaged to be utilised in the future.

2.3 The main characteristics and comparison of models

As described above there are several types of model based on different
fundamental approaches and concepts.

Table 2 summarizes the main characteristics of main energy modelling
approaches, including macro-economic, energy equilibrium, optimization,
simulation and spreadsheet models [12].

Macro-economic models are less useful, because they extrapolate past market
behaviour into the future, does not represent specific technologies and no long term
planning possibilities. Economic equilibrium models are insufficient, because
Estonian market economic is relatively new and changes in structure and
conditions of economy are not fully formed.

The optimisation models can be useful for Estonia; they used to optimise energy
investment decisions by finding best solutions. The assumption of perfect markets
and optimal consumer behaviour is suitable for Estonia, because the large part of
the population in Estonia consists of inhabitants who reflect consumer behaviour,
have the access to modern energy, and the economy is market-based.

Another option is simulation models are mostly bottom-up or hybrid descriptive
models that aim at reproducing a simplified task of a system. They tend to be rather
useful for Estonia, because they do neither assume perfect markets nor optimal
consumer behaviour, but allow scenario analysis for future pathways.

Finally, toolbox models which are mainly bottom-up accounting type models,
having the advantage that they are easy to use, which increases their usefulness for
Estonia where users do often not have the same financial and training possibilities
as in the other countries. The main disadvantage of toolbox models is that all
important variables are indicated exogenously as parameters in future scenarios.

Backcasting models are less useful for this country.

Concerning the mathematical approach, linear programming has a clear
advantage in that it allows for simple programming and can easily be understood
by planners because no special expertise is needed. In this case the problem can be
solved in a straightforward way by using standard algorithms.

In practice, it is not feasible to develop own models for energy planning
exercises by energy planners and researchers, more effective to use existing
models. Energy sector models that used widely across several countries for
carrying out their economic and energy sector planning are presented in Table 3
and divided by the analytical approach (top-down, bottom-up, hybrid).

The same energy planning models are presented in Figure 9 and divided by the
methodology.

It was reviewed a wide range of models that are presented in Table 3 and it was
selected ten existing energy models that have the bottom-up or hybrid approach,
linear programming and by the methodology are simulation, optimization and
toolbox models. The selected energy planning models are given in Table 4 and
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divided by the analytical approach and methodology. The main characteristics of
them are given in Table 5 and short description is provided below [1I].

Generally, recent models offer an integrated approach in the sense that they
combine several specific purposes, although some of models focus on one aspect
only (such as some utility expansion models or environmental impact models).

In the next Chapter it is given a brief overview of the selected energy planning
models existing today, including EFOM, TIMES, LEAP, MARKAL, MESAP,
MESSAGE, MIDAS, PowerPlan, RETscreen and EnergyPlan.
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Table 2. Energy model characteristics

Macro-economic models

Energy equilibrium

Optimization models

Simulation models Spreadsheet models
models
Timeframe Short to medium term | Medium to long term Short to long term Short to long term Short to long term
Level of detail Low, High Low High Partially high Technically specific
System boundaries Entire economy Entire economy Energy system Energy system Entire economy
Flexibility in terms of High, dependent upon the . -
technically detailed Low Low level of detail of the tech. High for 11rp1ted High
. complexity
questions database
Historical analysis of

Theoretical foundation

macro-economic
interaction matrix

Neo-classical

Optimization with regard
to tech.-economic criteria

Primarily tech.
determinism of energy
systems

Primarily tech.
determinism of energy

Implementation of the

Econometric estimation
of the interconnections

Decisions

Technological database

systems

specific technologies.

often low level of

optimization decisions,

modelin corresponding to with optimization Tece})l(noelr(;gklzzi”(}z;ab:se, Technological database
g of the matrix nesting and elasticities algorithms P g
.. Applicable to tech. total . .
Broad empirical Closed theoretical svs Also usable without Applicable to
Strengths foundation, sectoral L SYS targeted entities for tech.systems. Flexible
disaggregation structure Flexible .appl%catlon optimization application possibilities
possibilities
Imolicitly rational Economic influences For local applicability.
Does not represent Small empirical basis, P Y underrepresented, based | Variables are indicated
Weaknesses

. considerably on the exogenously as
No long-term planning | sectoral differentiation strongl%gilfrlllée;nced by quality of expert parameters in future
knowledge scenarios
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Table 3. Energy planning models and their dividing by the analytical approach

Models

Top-
down

Botto
m-up

Hybrid

AIM (Asian-Pacific Integrated Model)

X

BRUS (Brundtland Scenario)

EFOM (Energy Flow Optimization Model)

PN =

ENPEP (Energy and Power Evaluation
Program)

X
X
X

|92

GEM-E3 (General equilibrium model)

IMAGE/TIMER (TARGETS-IMAGE
Energy Regional Model)

LEAP (Long-range Energy Alternatives
Planning)

MARIA (Multiregional Approach for
Resources and Industry Allocation model)

MARKAL (MARket ALLocation)

MARKAL-MACRO (a simplified energy-
economy model)

11

MEGEVE-E3ME (General energy—
environment—economy mode)

12

MERGE (Model for Evaluating Regional
and Global Effects of GHG Reductions
Policies)

13

MESAP (Modular Energy System Analysis
and Planning software)

14

MESSAGE III (Model for Energy Supply
Systems Analysis and General Environment)

15

MIDAS (Multinational Integrated Demand
And Supply)

16

MiniCAM (Mini Climate Assessment
Model)

17

MURE/ODYSSEE (Measures d’Utilisation
Rationelle de I’Energie)

18

NEMS (National Energy Modelling System)

19

POLES (Prospective Outlook on Long-term
Energy Systems)

20

PowerPlan (Interactive simulation model)

21

PRIMES (Partial equilibrium model)

22

RETScreen (Renewable Energy Technology
Screening)

23

SGM (Second Generation Model)

24

TIMES ((The Integrated MARKAL-EFOM
System)

25

WEM (World Energy Model)
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Energy sector models

Energy Toolbox Optimization Simulation Backcasting Macro-
equilibrium models models models models economic
models models
| | | | | |
ENPEP RETScreen MARKAL LEAP MURE/ MEGEVE-
MICRO- MESSAGE POLES ODYSSEE E3ME
MELODIE EFOM/TIMES PowerPlan
SGM MARIA BRUS
MERGE MARKAL- IMAGE/TIMER
GEM-E3 MACRO MIDAS
MiniCAM AIM
WEM MESAP
NEMS
PRIMES

Figure 9. Energy planning models and their dividing by the methodology
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Table 4. Existing energy planning models and dividing them by the analytical approach and methodology

Models

Bottom-up

Hybrid

Optimization

Simulation

Toolbox

EFOM (Energy Flow Optimization Model)

X

TIMES (The Integrated MARKAL-EFOM System)

X

LEAP (Long-range Energy Alternatives Planning)

MARKAL (MARket ALLocation)

ltalialle

MESAP (Modular Energy System Analysis and Planning software)

AN | |W[(N|—

MESSAGE (Model for Energy Supply Systems Analysis and
General Environment)

<

eltalke

MIDAS (Multinational Integrated Demand And Supply)

PowerPlan (Interactive simulation model)

ol

RETScreen (Renewable Energy Technology Screening)

<<

SO ||

EnergyPlan
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Table 5. Energy planning models and the main characteristics

Models Develober Home page Geographic Data Default data Time | Reference Laneuage
p pag applicability | requirements included horizon | materials guag
Detailed
European Local. national description of | Medium |Description
1 { EFOM p - s > [Medium-high | energy supply and | tolong | in some English
Union regional, global .
end-uses term literature
technologies
IEA/ETSAP Detailed
description of end-
(Energy . Manual
Technology Local, national . . uses and Medium available to .
2 | TIMES wWww.etsap.org . [ Medium-high (renewable) to long . English
System regional, global registered
. energy term
Analysis . users
Project) techno%o gies
possible
Database with Manl.la.l and| English,
Stockholm WwWw.ener Local, national costs, performance| Lon training French,
3 LEAP | Environment = . > | Low-medium » pertom g materials | Spanish,
. community.org regional and emission term
Institute free on web |Portuguese,
factors . :
site Chinese
IEA/ETSAP Detailed Manual
4 | MARKAL (Energy www.etsan.of Logal, national, Medium-high description of end-| Long aval'lable to English
Technology WWW.€154p.0le regional, global uses and term registered
System (renewable) users
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Models Develober Home page Geographic Data Default data Time | Reference Laneuage
p pag applicability | requirements included horizon | materials guag
Analysis energy
Project) technologies
possible
IER, Stuttgart Local. national Database with fuel Lon Description
MESAP | University, - . ’ | Low-medium | costs and emission & in some English
regional, global term .
Germany factors literature
ITASA
(International
Institute for ) .. . . Medium |Description
MESSAGE| Applied | Mp:/www.iiasa.a | Local, national, |y i oo piopy | Database with 15 5o =g oo ien | English
c.at regional, global conversion factors s
Systems term site
Analysis)
Austria
European | http://www.e3mla | Local, national, . Database Wlt.h f}lel Long D§scr1pt10n .
MIDAS Union b ntua.er/ recional. elobal Low-medium | costs and emission term in some English
R & '8 factors literature
Center for
Engrgy and http://www.fwn.ru . Database with fuel | Medium Manual and .
Environment Local, national, . L demo English,
PowerPlan . g.nl/ . Low-medium |costs and emission| to long .
al Studies . regional version free| Dutch
. . ivem/soft.htm factors term .
University of on web site
Groningen
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Models Develober Home page Geographic Data Default data Time | Reference Laneuage
p pag applicability | requirements included horizon | materials guag
Extensive defaults: Mam'la.l and
Natural Technolo weather data One year | training
9 |RETScreen| Resources |www.retscreen.net Local ) 08Y > |in steps of| materials | Multiple
specific products, costs,
Canada oto one hour |free on web
) site
Sustainable
P?:rfrrfr}ll Database with Primaril M‘;I;illililnand
& | http://energy.plan. | Local, national, . costs, distribution Ty e .
10 [EnergyPlan| Research . Low-medium . static materials | English
aau.dk/ regional and emission .
Group at analysis |free on web
factors .
Aalborg site
University
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2.4 The overview of existing energy models

241 EFOM

EFOM, Energy Flow Optimisation Model, is national dynamic optimization
models, representing the energy producing and consuming sectors in each region.
They optimize the development of these sectors under given fuel import prices and
useful energy demand over a pre-defined time horizon. The development of
national energy systems can be subject to energy and environment constraints like
availability of fuel, penetration rates of certain technologies, emission standards,
and emission ceilings. The model databases contain a wide range of conversion and
end-use technologies such as conventional technologies, renewable energy
technologies, efficient fossil fuel burning technologies, combined heat and power
technologies, and energy conservation technologies in the demand sectors.

EFOM was originally developed in a European Community research program in
the 1970s. EFOM has been applied to all member countries of the European Union
as well as many other countries, including Russia, Mexico and China. The EFOM
is a multi-period model, which can cover a study time span of 40 years.

EFOM has been extended by an environmental module (EFOM-ENV), which
includes emission reduction technologies with negative emission coefficients [12].

The the Energy Technology System Analysis Programme (ETSAP) community
develops a new model (TIMES) that already has all the features that EFOM had
and also combines aspects of MARKAL model.

242 TIMES

TIMES (The Integrated MARKAL-EFOM System) is a recent development in the
evolution of the MARKAL framework, created by the ETSAP of the IEA. Like its
predecessor, TIMES is a dynamic linear optimisation framework that finds the
least-cost solution under given constraints such as annual or cumulative emission
levels. It presupposes perfect foresight and parametric data sources. Due to
increased model flexibility, TIMES allows for analysis of many problems which
required undesirable compromises or were beyond the analytical limit [13].

243 LEAP

LEAP, Long range Energy Alternatives Planning, is a scenario-based energy-
environment modeling tool. Its scenarios are based on comprehensive accounting
of how energy is consumed, converted and produced in a given region or economy
under a range of alternative assumptions on population, economic development,
technology, price and so on. LEAP has been used to develop local, national and
regional energy strategies, conduct GHG mitigation assessments, and train
professionals in sustainable energy analysis. LEAP is an accounting tool that
balances production and consumption of energy in an energy system model.

LEAP is deterministic, in the sense that all outcomes are specified by the user.
Based on the assumptions provided by the user, LEAP balances the energy flow
equations, thereby identifying the energy transformation and primary energy
supply requirements.
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LEAP results are generated in annual increments and presented as time series
data. Time horizons will vary but LEAP is most commonly used for long term
(more than 20 years) analysis.

LEAP was developed in Stockholm Environment Institute. LEAP has been
adopted by hundreds of organizations in more than 150 countries worldwide. Its
users include government agencies, academics, non-governmental organizations,
consulting companies, and energy utilities. It has been used at many different
scales ranging from cities and states to national, regional and global applications
[14].

244 MARKAL

MARKAL, MARKet ALlocation, is a family of bottom-up energy system models
that depicts both supply and demand. MARKAL provides policy makers and
planners in the public and private sector with extensive detail on energy producing
and consuming technologies, and it can provide an understanding of the interplay
between the macroeconomy and energy use. As a result, this modeling framework
has helped national and local energy planning, and the development of carbon
mitigation strategies.

The model has been widely used in almost 40 countries, including developed,
transitional and developing economies. MARKAL was originally designed to
develop a strategy for research, development and demonstration for the
International Energy Agency (IEA). The characteristics of future energy
technologies were estimated and the influence of these technologies was analysed
for several countries through various scenarios. MARKAL was developed at The
Brookhaven National Laboratory in the USA and at Kernforschungsanlage Jiilich
in Germany. Available resources, economic, technical and environmental
characteristics of technologies together with useful energy demands are the main
input parameters in a MARKAL model.

The modelling horizon in MARKAL can be divided in up to sixteen periods of
equal lengths. Due to new installations and decommissioning of old capacity, the
market shares of different technologies vary throughout the periods. Model
constraints include annual energy carrier balances, seasonal district heating
balances, diurnal electricity balances and annual availability and demand
equations.

MARKAL has been expanded to be a family of modelling systems. It has been
linked to the top-down model MACRO, allowing the evaluation of the interaction
between technology policies and market instruments. MARKAL-MACRO is a
simplified energy-economy model, with detailed description of technologies.
MARKAL-MICRO and MARKAL-ELASTIC DEMAND (MED) are steps closer
towards a partial equilibrium model, in which useful energy de-mand has been
replaced, respectively, with non-linear and step-wise demand curves. The
equilibrium between supply and demand is calculated by maximising the sum of
consumer and producer surplus [10].
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245 MESAP

MESAP (Modular Energy System Analysis and Planning software) is a modular
energy planning package developed with the specific needs of developing countries
in mind. It is designed as a flexible planning package providing energy analysts
and planners with tools to perform complex energy analysis. It consists of basic
techniques for energy planning, a set of tested energy modules, and data
management and processing software. At the heart of MESAP is a network-
oriented database. Its objective is to assist in energy and environmental policy
analysis and planning [12].

24.6 MESSAGE

MESSAGE, Model for Energy Supply Strategy Alternatives and their General
Environmental impact, is generally used for the optimization of energy supply
systems. However, other systems supplying specified demands of goods, which
have to be processed before delivery to the final consumer, could be optimized.
The objectives include resource extraction analysis, estimation of import/export of
energy, energy conversion analysis, energy transport and distribution analysis, final
energy utilization by consumer analysis, recommendations for environmental
protection policy and investment policy, and analysis of opportunity costs.

MESSAGE was created at IIASA (International Institute for Applied Systems
Analysis) in Austria. MESSAGE was originally used for a study, in which seven
world regions were analysed for a 50-year time horizon, divided into several
periods. Like MARKAL and EFOM, also MESSAGE can be used to describe the
overall energy supply system with resource extraction, import and export,
commodity flows, conversion, distribution and end-use of energy. The modelling
horizon is divided into periods, which can vary in length. Each period is
represented by a typical year, which can be divided into load regions. A typical
division includes winter, intermediate and summer days, which each subdivides
into three load regions of arbitrary length.

The model’s current version, MESSAGE 1V, is a UNIX based system that
provides information on the utilization of domestic resources, energy imports and
exports and trade-related monetary flows, investment requirements, the types of
production or conversion technologies selected, pollutant emissions, inter-fuel
substitution processes, as well as temporal trajectories for primary, secondary,
final, and useful energy. MESSAGE has recently been expanded to include
endogenous learning for various technologies using Mixed Integer Programming
(MIP) approach. Another important model development includes extension of the
model to cover all six Kyoto GHGs, their drivers and mitigation technologies [15].

247 MIDAS

MIDAS is a large-scale energy system planning and forecasting model. It performs
dynamic simulation of the energy system, which is represented by combining
engineering process analysis and econometric formulations. The model is used for
scenario analysis and forecasting. MIDAS covers the whole energy system and
ensures, on an annual basis, the consistent and simultaneous projection of energy
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demand, supply, pricing, and costing, so that the system is in both quantity- and
price-dependent balance. The model output is a time-series of detailed
EUROSTAT energy balance sheets, lists of costs and prices by sector and fuel, and
a set of capacity expansion plans including emission data [16].

2.4.8 PowerPlan

PowerPlan is an interactive simulation model with which a future for the electricity
supply system can be planned. PowerPlan is a so-called forecasting model: given
an existing power system and year, an electricity supply system future will be
simulated. It is thus not an optimization model, but a model from which the
consequences of decisions can be evaluated (a “What — If” model) [17].

249 RETScreen

The RETScreen International Clean Energy Project Analysis Software is the
leading tool specifically aimed at facilitating pre-feasibility and feasibility analysis
of energy technologies. The core of the tool consists of standardized and integrated
project analysis software, which can be used worldwide to evaluate the energy
production, life-cycle costs and greenhouse gas emission reductions for various
types of proposed energy efficient and renewable energy technologies.

Each RETScreen technology model (e.g. Combined Heat & Power Project, etc.)
is developed within an individual Microsoft® Excel spreadsheet "Workbook" file.
The Workbook file is in-turn composed of a series of worksheets. These
worksheets have a common look and follow a standard approach for all RETScreen
models. In addition to the software, the tool includes: product, weather and cost
databases; an online manual; a Website; an engineering textbook; project case
studies; and a training course [18].

2.4.10 EnergyPlan

The EnergyPlan model is a computer model for Energy Systems Analysis. The
main purpose of the model is to assist the design of national energy planning
strategies on the basis of technical and economic analyses of the consequences of
different national energy systems and investments. The model can be used for
different kinds of energy system analyses: technical analysis, market exchange
analysis and feasibility studies [19].

2.5 Application of existing models

The selected ten energy planning models have been used and applied to various
practical cases. This Chapter presents the overview of applications of selected
models.

The effects on the entire energy system by a reduction in the amount of
imported energy are studied by applying the EFOM model to the energy situation
in Denmark [20] and for investigation of emission control strategies for
Turkey [21].

TIMES model is usually applied to the analysis of the entire energy sector, but
may also be applied to study in detail single sectors (the electricity and district heat
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sector). Using the TIMES framework there were developed several works for
different countries: an energy system model for the Southern African Development
Community region [22], the Nordic Electricity Production System [9], estimation
of CO2 marginal abatement costs for Portugal [23], and several works of
optimisation the electricity, heat and natural gas markets of the 25 trading regions
in [24], [25], [26].

Hundreds of government agencies, academic organizations, utilities and
consulting companies worldwide use LEAP for a variety of tasks including, energy
forecasting, greenhouse mitigation analysis, integrated resource planning,
production of electricity and heat energy sectors and energy scenario studies.
Numerous countries have used LEAP to prepare greenhouse gas mitigation
assessments as part of their initial national communications to the United Nations
Framework Convention on Climate Change. The Department of Energy of the
Government of the Philippines represents National Energy Plan [27] and scenarios
for five cities in South Africa have been modeled using LEAP [28]. LEAP model
was used in comparison of scenarios of oil shale long term trends in the report of
Estonian Electricity Sector Development Plan until 2018 [6].

MARKAL is a well-known model in Estonia for modelling entire energy sector.
The analysis has been carried out using the Estonian MARKAL model [29], [30],
[31], [32]. Recently were defended two doctoral thesis in Tallinn University of
Technology based on MARKAL calculations [33], [34]. The MARKAL model was
developed in China, where the model represents all energy vectors of the Chinese
energy balance [35], [36].

An industrial module was developed to form part of the applicable energy
system analysis tools, namely a Reference Energy Model for PlaNet (PlaNet:
Planning Network) under the MESAP (Modular Energy System Analysis and
Planning Environment) for Slovenia [37] and for neighbouring Latvia [38]. The
energy supply scenarios adopted in [39], where it provided a blueprint showing
how to apply existing technologies to halve global CO2 emissions by 2050, whilst
allowing for an increase in energy consumption.

MESSAGE was used in [40] for the entire energy supply system in countries of
the Baltic States. Report on emissions scenarios [41], where was presented
extensive historical data about economic development and energy systems with
empirically estimated equations of trends to determine future structural change.
The publication [42] presents the study which evaluates the alternative energy
supply strategies with user defined constraints on fuel availability, environmental
regulations and so on in India.

MIDAS covers the whole energy system, including energy demand by sector
and fuel, power generation, oil refineries, natural gas, solid fuel production,
imports and energy market prices. The results of MIDAS application in France and
EU are given in [43], [44].
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PowerPlan model is simulating a countries’ power sector and its emissions. The
study based on scenarios developed in PowerPlan was carried out in China’s power
sector [45], [46].

RETScreen model includes the whole energy sector and the list of applications
of RETScreen model is given in [47]. Numerous examples for implementing
commercially viable energy efficient and renewable energy technologies around
the world such as Wind Farm in Ireland, Solarwall on High School in Northern
Canada, Photovoltaic Water Pumping System in Africa, Solar Water Heating at
Vancouver International Airport and many others. It was made the investigation of
future project of waste incineration plant building at Iru Power Plant in
Estonia [48].

EnergyPlan model has been used for modelling the heat, electricity energy
sector. Analysis of individual house heating systems conducted by use of the
EnergyPlan model presents in [49]. In 2005-2007, the EnergyPlan model was used
in the EU-funded project DESIRE (Dissemination Strategy on Electricity
Balancing for Large Scale Integration of Renewable Energy). In six regions in
Denmark, Germany, the UK, Poland, Spain and Estonia, models of the electricity
supply were made and the magnitude of CHP regulation systems was evaluated
against other relevant measures including the expansion of interconnectors [50]. A
comparative study of two energy system analysis models (EnergyPlan, H2RES)
both designed for the purpose of analyzing electricity systems with a substantial
share of fluctuating renewable energy [51].

3 ADAPTABLITY OF ENERGY PLANNING MODELS
FOR ESTONIAN ENERGY SECTOR

The different types of existing energy planning models were reviewed and ten
existing energy models selected for more detailed analysis: they have the bottom-
up or hybrid approach, linear programming and by the methodology are simulation,
optimization and toolbox models.

The next weighty argument for further selection of models for testing was their
free availability and distribution in personal and academic projects. Table 6 is
presenting the energy planning models documentation and download availability.

Table 6. Energy planning models documentation and download availability

Model’s .

Models Documentation Freely available

1 LEAP X X
RK 40 00-200 000 EEK depending on

2 MA L X type of client (including GAMS, solver &

TIMES )

interface)

3 | MESAP X No information
4 |MESSAGE X Available for users with additional request
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Models Doi\l/llr?lifllt;tion Freely available
5 | MIDAS X No information
6 | PowerPlan X Only freely available demo version
7 |RETScreen X X
8 | EnergyPlan X X

The Chapter 3 presents the testing of freely available for users: RETScreen,
EnergyPlan and LEAP. MESSAGE model is available for users with additional
request of entering data and it was not considered in this work. The detailed
analysis and the concept of MESSAGE model is given in [40]. PowerPlan model
has only freely available demo version.

3.1 Adaptability of RETScreen and EnergyPlan models

For investigation the opportunities of new heat energy supply alternatives in Narva
there were tested two energy planning models: EnergyPlan and RETScreen®
International models. These models were analysed and the scenarios were
calculated for comparing the difference between the results of two chosen models
and finding out whether the results reliable.

The heat energy supply alternatives modelling in Narva city was made for
investigation the feasibility and economical reasonability of the oil shale
condensing extraction turbine block usage comparing with the other alternatives,
such as biomass CHP, natural gas CHP and boilerhouse. The CHP usage could
increase heat production part based on CHP and decrease fuel consumption. The
selection of scenarios was based on local oil shale availability from this region,
where oil-shale-based Narva Power Plant works, and secondly to compare
cogeneration technology and boilerhouse economy.

The description of these models is provided in Chapter 2.4.9 and 2.4.10.

The RETScreen energy model is more useful for single new energy capacity
planning as well as EnergyPlan model. Also the RETScreen model has the
possibility of detailed technical equipment selection and the financial indicator’s
calculation.

There were generated and analyzed four scenarios (pre-feasibility studies) of
building new capacity in Narva city:

e Scenario 1: Oil shale CHP unit at Balti PP

e Scenario 2: CHP unit, where the main fuel is natural gas

e Scenario 3: Boilerhouse, where the main fuel is natural gas

e Scenario 4: Biomass/Peat CHP unit.

The annual heat energy demand in Narva city is about 475 GWh, taking into
account heat supply with hot water and technological steam. Expected units
thermal capacity is about 170-175 MW and electrical capacity is about 60-65 MW.
The annual electricity production from the units in Scenario 1, 2 and 3 would be
approximately 160 GWh. The main input data for these analyses are the production
of electricity and heat, fuel types, fuel costs, efficiency of processes and the
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investments of projects according to the available data. The investment and other
costs are informative and needed further research for more accurate analysis. Also
it was used the existing library of distribution data of Nord Pool electricity prices in
2006 in the EnergyPlan model. For all four scenarios it was calculated and
compared the primary energy consumption, CO, emissions and production price.

The calculations made in the EnergyPlan and RETScreen model and their
results are presented in simplified tables (Table 7, 8) and comparing of the results
of two energy planning models is presented in Table 9. The simplified tables use
the relative information about fuel, investment, primary energy and production
prices considering that in case of the changes in fuel and investment costs will be
the same price relations. The production prices include the electricity and heat
energy production prices and could be put together because of the same combined
power plant total output. Generally, the RETScreen model uses hybrid method for
calculation the heat and electrical energy price, where variable costs are shared:
fuel, electricity and environmental charges in accordance with the physical method
as well as fixed costs in accordance with heat and electricity production. The
electricity price could be the input parameter also. The Energy Plan model uses the
existing library of electricity and heat prices. In this case it was used the existing
library of distribution data of Nord Pool electricity prices in 2006.

Table 7. EnergyPlan model’s results

Primary
Production| "¢'8Y. CO,
EnergyPlan Fuel, Investments, price, consumption emission,
EEK/MWh|mIn.EEK/MW EEK/MWh per Mt
production,
GWh/GWh
1. Scenario
(Oil shale unit at 54 1.3 1 080 1.42 0.33
Balti PP)
2. Scenario
(CHP - main fuel is 305 1.0 1165 1.19 0.15
nat.gas)
3. Scenario
ffa‘iﬁefflhe‘ﬁze ) 305 0.5 665 0.85 0.11
nat.gas)
4. Scenario
(Biomass/Peat 62 1.0 861 1.23 0,00
CHP)
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Table 8. RETScreen model’s results

Production Primary energy CO,
RETScreen Fuel, Investments, price consumptlpn emission
EEK/MWh| min.EEK/MW EEWMWh per production, Mt ’
GWh/GWh
1. Scenario
(Oil shale unit 54 1.3 1255 1.39 0.32
at Balti PP)
2. Scenario
(CHP - main 305 1.0 1177 1.15 0.15
fuel is nat.gas)
3. Scenario
(Boilerhouse - | 55 0.5 665 0.81 0.10
main fuel is
nat.gas)
4. Scenario
(Biomass/Peat 62 1.0 870 1.18 0.00
CHP)

The difference between EnergyPlan and RETScreen model’s results for
production price is approximately 5 % in Scenarios 1, 2 and 4, primary energy
consumption per production for all scenarios is about 4 % and CO, emissions in
Scenarios 1, 2 and 3 is 4,3 % (see Table 9).

Table 9. EnergyPlan and RETScreen model’s results comparing

. . Primary energy
Erllfé‘%ryspcl i:ne:lls' Progiggizl\gﬂce, consumption per CO2 emission, Mt
production, GWh/GWh
1. Scenario
(Oil shale unit at -175 | -14.0% 0.03 2.0% 0.01 3.7%
Balti PP)
2. Scenario
(CHP - main fuelis| -12 | -1.1% 0.04 33% 0.01 35%
nat.gas)
3. Scenario
(Boilerhouse - main| 0 - 0.04 4.4 % 0.01 5.6 %
fuel is nat.gas)
4. Scenario
(Biomass/Peat -9 -1.1% 0.05 4.2 % 0.00 -
CHP)

The higher production price in Table 8 comparing the results of Table 7 at the
same investment and with better use of primary energy is explained by the more
accuracy and the difference in the characteristics of the equipment of the second
model (RETScreen). In this analysis the investment and other costs are informative
and needed further research for more accurate analysis.
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Using RETScreen Software in the Financial Summary worksheet it was
calculated several financial feasibility indicators such as internal rate of return IRR,
the net present value (NPV) and simple payback of the projects.

The internal rate of return IRR is the discount rate that causes the NPV of the
project to be zero. It is calculated by solving the following formula for IRR:

N
0= Z(1+ IRR)"’ ©

n=0

where N is the project life in years and C, - the cash flow for year n.

The net present value NPV of a project is the value of all future cash flows,
discounted at the discount rate, in today’s currency. It is calculated by discounting
all cash flows as given in the following formula:

N C
NPV = n_, 7
g(nr)" @

where C o 1s the after-tax cash flow, r - the discount rate.

The simple payback SP is the number of years it takes for the cash flow
(excluding debt payments) to equal the total investment, which is equal to the sum
of the debt and equity:

SP = c-16 , (8
(C +CRE +CGHC)_(COaM +Cfue|)

ener capa

where C is the total initial cost of the project, IG - the incentives and grants, Coner
. . Ceana . .

the annual energy savings or income, P2 - the annual capacity savings or

income, Cre . the annual renewable energy production credit income, Core . the

GHG reduction income, Comn the yearly operation and maintenance costs

incurred by the clean energy project, ™

[17].

According to the pre-feasibility study using given input data all of scenarios
have positive NPV, IRR and could be applicable for more detail analysis. The most
attractive scenario is Scenario 4 with building biomass/peat CHP; simple payback
is about 7 years. The building CHP or boilerhouse (Scenario 2, 3) using natural gas
could be under the question, because of the high cost of fuel, despite of less initial

- the annual cost of fuel or electricity
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investment costs of the project in Scenario 3 the payback is 11 years. The payback
of Scenario 2 is 13 years. The usage of oil shale as the main fuel of unit in
Scenario 1, where payback period is 9 years, could be competitive and has clear
advantages: the local fuel availability and stable supply, the possibility to generate
electricity additionally, the location of new unit in the existing power plant. The
results of the financial feasibility indicators are presented in Figure 10.
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x 150 000 12.9% 15% B
w
: . 11,0% M
> 10,3% 10,0% - =
< 100 000 ———— : 90335 10%
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1. Scenario 2. Scenario 3. Scenario 4. Scenario
{CHishale unit at Balti PP} (CHP - main fuel is nat.gas)  (Bollerhouse - main fuel is {Blomassi/Peat CHP)
nat.gas)

[mmm NPV, EEK =4=IRR. %)
Figure 10. The results of financial indicators

The RETScreen energy model has more detailed input requirements for new
energy capacity planning and therefore it could be more useful for such kind of
analyses. The EnergyPlan model is more useful for whole country energy balance
planning and for the new capacities does not have the opportunities to calculate the
financial feasibility indicators and payback of the project. The EnergyPlan model
does not have the possibilities to input the external assumption information and
data of sectors such as industry, mining and etc., comparing with LEAP model. But
both of the models equally could be used for the pre-feasibility study of new
capacity planning projects. The results of reviewed models have marginally
difference; the models are indicative for scenarios development and could be useful
for comparing the fundamental technological processes. Also the advantage of
using these models is that they allow getting reliable results using comparatively
low input data [II1].
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3.2 Adaptability of LEAP model

For elaborating the scenarios of development of Estonian electricity production
system during the period 2009-2035 in the conditions mentioned above the LEAP
model was selected as the preferred framework, where the most essential reasons
of selecting were free using of model and training materials, public technical
support and discussion, user friendly interface, it allows for transparent
arrangement of the data, various possible scenarios and can be developed energy
system configurations. The main benefit of LEAP is that it is a tool that helps the
user to combine and assess data in a consistent framework. This makes it easier to
organize the data in an intuitive and accessible manner, and to get a grasp on the
information. LEAP calculations and the results of scenarios are presented in this
Chapter.

3.2.1 LEAP data requirements
3.2.1.1 Demographic data

Estonia’s population annual growth rate of about 1 % per 5 years during the period
from 1950 to 1990 and by the year 1990 reaches the 1.6 million mark. After the
independence regaining in 1991 the population the annual decrease is about 0.9 %,
today the population of Estonia is 1.3 million people and continues to decrease.
Annual growth rate of population estimates approximately -0.4 % per year by the
year 2035 and the enumerated population 1.2 million people. Initial data of
population and demographic trends in Estonia are shown in Table 10 [2].

Table 10. Demographic trends in Estonia

Year Population, | Growth Crude | Crude Total | Life
Thousands rate birth | death | fertility | expectancy at
of people of total rate, rate, rate birth, both

population, | Births | Deaths | Units: | sexes
% per per | Children | Units: Years
1 000 | 1000 per Male | Female
people | people | woman

1950-1955 1131 1.04 17 13 2.06 61.7 | 683

1955-1960 1187 0.94 17 11 1.99 642 | 714

1960-1965 1253 1.20 16 11 1.94 65.0 | 734

1965-1970 1328 1.12 15 11 2.02 65.7 | 742

1970-1975 1 400 0.96 15 11 2.15 65.7 | 747

1975-1980 1 453 0.56 15 12 2.06 64.5 | 744

1980-1985 1497 0.69 15 13 2.09 644 | 743

1985-1990 1556 0.54 16 12 2.20 65.9 | 74.8

1990-1995 1511 -1.70 11 14 1.63 62.6 | 74.0

1995-2000 1400 -0.98 9 14 1.33 63.9 | 753

2000-2005 1353 -0.38 10 14 1.39 65.1 76.7

2005-2010 1330 -0.35 11 14 1.49 659 | 76.8
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Year Population, | Growth Crude | Crude Total | Life
Thousands rate birth | death | fertility | expectancy at
of people of total rate, rate, rate birth, both

population, | Births | Deaths | Units: | sexes
% per per | Children | Units: Years
1000 | 1000 per Male | Female
people | people | woman

2010-2015 1307 -0.33 11 14 1.54 66.9 | 774

2015-2020 1287 -0.34 11 14 1.59 68.8 | 784

2020-2025 1264 -0.41 10 14 1.64 70.1 79.3

2025-2030 1237 -0.45 9 14 1.69 71.7 | 80.0

2030-2035 1210 -0.44 9 14 1.74 72.9 | 80.6

After the independence regaining in 1991 the population decreases about 1 %
and rural urban distribution has also undergone some structural changes. Its
population in rural areas has more or less the same level of 30% during the years
1980-2008, whereas population in urban areas has decreased about the same 1 %
during the period after independence regaining till today from 1.1 million to
0.9 million people. By the year 2035 rural-urban distribution of population
estimates as 25 % or 0.3 million rural population and 75 % or 0.9 million for urban
population. As indicated in Tables 11, the percentage shares of the population
residing in urban and rural areas [2].

Tables 11. The percentage shares of the population in urban and rural areas

Year Rural population, % Urban population, %
1950-1955 48.4 51.7
1955-1960 44.4 55.6
1960-1965 40.6 59.4
1965-1970 36.9 63.1
1970-1975 33.7 66.3
1975-1980 313 68.7
1980-1985 29.8 70.3
1985-1990 29.0 71.0
1990-1995 29.4 70.6
1995-2000 30.3 69.7
2000-2005 30.8 69.2
2005-2010 30.8 69.2
2010-2015 30.3 69.7
2015-2020 29.2 70.8
2020-2025 27.7 72.3
2025-2030 26.0 74.0
2030-2035 25.1 74.9

The household size for rural and urban areas has been estimated based on the
percentage of owner occupied housing units: 75 % or about 1.0 million households
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in rural and urban areas in base year 2008. The projected number of households in
rural and urban areas will be calculated according the projections of population
annual rate and urban-rural distribution annual rate.

3.2.1.2 Economic data

The gross domestic product (GDP) or gross domestic income (GDI), a basic
measure of an economy’s economic performance, is the market value of all final
goods and services made within the borders of a nation in a year. Economic growth
results from an increased production of goods and services leading to high income
generation. This ultimately translates into improvement in the quality of life of the
people in terms of various economic and social indicators such as enhanced
purchasing power and improved access to quality education and health care
services. GDP tracks the domestic economic activity in terms of the value added
and income generated (in monetary terms) during a specified time period. Rapid
growth of Estonian economy in last years, however, has made it difficult to keep
inflation and large current-account deficits from soaring, putting downward
pressure on the country’s currency. The government has not given up on joining
the euro, but has repeatedly postponed its euro adoption target. Estonia’s economy
slowed down markedly and fell into recession in middle of year 2008, primarily as
a result of an investment and consumption slump following the bursting of the real
estate market bubble. The GDP is about 248 billion Estonian kroons in base year
2008 and the projections of GDP growth according to Eesti Pank’s forecast.
According to the Statistics Estonia at the beginning of June, GDP decreased
15.1 % in the first quarter of 2009. The decline is expected to be stronger in the
first half of the year. For the input data about gross domestic product growth
projections it was used the Eesti Pank’s forecast that shown in Table 12 [52].

Table 12. Eesti Pank’s GDP growth forecast

GDP Eesti Pank’s forecast | 2008 [ 2009* | 2010* | 2011*
Base scenario 248 214 204 214

GDP (EEK bn) Optimistic scenario 248 226 218 238
Pessimistic scenario 248 208 184 178
Base scenario -3.6 | -12.3 0.2 4.7

Real GDP growth (%) | Optimistic scenario -3.6 -8.4 1.2 5.4
Pessimistic scenario -3.6 | -15.3 -4.6 1.9

* Forecast

Trends in sectoral composition of gross domestic product and projections of
sectoral composition of gross domestic product are given in Table 13.

Table 13. Sectoral composition of gross domestic product and projections

Sector Sectoral composition of Sectoral composition projection
GDP in 2008, % of GDP in 2035, %

Agriculture 2.9 3

Industry 323 32

Services 64.8 65
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3.2.1.3 General energy data

General energy data Chapter includes energy balances with data on energy
consumption and production by sector or sub-sector. There are demands for five
end-use sectors (agriculture, industry, transport, residential and commercial) have
been considered in this analysis. The estimates of transmission and distribution
sector and electricity generation data are presented in this Chapter. Further, the
technology characteristics of various options in each supply- and demand-side
sector are described.

Agriculture sector

There are about 830 000 hectares of used agricultural land in Estonia. The most
important branch of agricultural production is livestock farming with the biggest
share belonging to dairy farming.

According to Statistics Estonia, there are 245 400 bovine animals in Estonia,
including 102 000 dairy cows, 379 500 pigs, 95 000 sheep and goats and 1 734 200
birds. The biggest number of bovine animals, including dairy cows, can be found in
Jarva County, West-Viru County and Pédrnu County. Sheep are raised the most in
Saaremaa.

Important plant production fields are growing cereals, oil cultures, potatoes and
vegetables. The growth area of cereals has continued to increase during the last
years, reaching up to more than 309 000 hectares. According to the data of 2008,
summer cereal is grown on 253 000, winter cereal on 70 000 and rape on 77 000
hectares.

During recent years, the number of agricultural holdings has decreased and their
structure changed. Change has also taken place in the structure of gender and age
of the heads of the holdings and work load.

During 2003-2007, the number of agricultural holdings decreased 36.7 %;
however, the average area of agricultural land of the holding increased 1.8 times
(from 21.6 hectares to 38.9 hectares) [53].

Transport sector

Transport is a key factor for the economy as a whole. While transport is a sector
servicing other areas of the economy, it is also the largest sector of the economy —
in Estonia, the transport industry and its support service activities account for
nearly 8 % of employment. The transport sector has significant impact on
economic growth, social development and the environment.

According to the data of Statistics Estonia, in 2008 the usage of services of
passenger transport enterprises decreased by about a tenth compared to 2007. The
volume of carriage of goods decreased by a fourth compared to the previous year.

In 2008, the number of passengers carried by Estonian transport enterprises was
over 193.4 million. 93 % of passengers used road transport (incl. city transport by
buses, trams and trolley buses), 4 % sea transport, 3 % rail transport and less than
1% air transport.

Around 186.6 million passengers were carried in domestic traffic, the number of
passengers decreased by a tenth compared to the previous year. 80 % of passengers
in domestic traffic used city transport. The number of passengers in domestic
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traffic using buses, rail and sea transport decreased, but it increased in domestic
flights.

The amount of passengers in international traffic was around 6.8 million, 5 %
more than in 2007. The number of passengers in international traffic increased in
sea, road and rail transport, but around a third less passengers used international
flights compared to the previous year [54].

Industry sector

Textiles & Clothing

The textiles and clothing industry in Estonia is the country’s second largest
industrial sector, employing 14 000 people. Exports of clothing in particular have
been expanding at a rapid rate, with Western Europe a leading target market.
Cheap labour and infrastructure costs, as well as good local reputation, have
attracted and continue to attract foreign investors.

Food & Food-processing

The food and food-processing sector has traditionally been one of Estonia’s
largest industry sectors, employing 5 % of the country’s workforce or 21 500
people. The output of this sector represents 25 % of total Estonian industrial
output, with approximately one third of this production exported. The main export
products include meat, fish, dairy products and beverages.

Chemicals

The chemical industry, and in particular oil shale processing and fertiliser
manufacturing, has long been one of Estonia’s most important industrial sectors,
accounting for 4.4 % of manufacturing output in 2003. 76 % of chemical
production was exported in 2003, with the main export articles including dyes,
fertilizers, pharmaceutical products and organic/inorganic chemicals. The chemical
industry has attracted the fourth largest stock of foreign direct investment stock,
after the food processing, wood and textiles industries.

Transport & Logistics

Approximately 7.5 % of the labour force in Estonia is employed in the
transportation and road management sectors, and the share of national GDP
generated by the transportation and telecommunications sectors now stands at
10.5 %. The cargo sector is dominated by railway transport, which accounts for
70 % of all carried goods, domestic and international. Road transport accounts for
90 % of all passengers.

Timber Processing

In common with other industrial sectors, the Estonian wood processing industry
experienced extensive restructuring in the early 1990s. In 2003, 22.2 % of sales of
all Estonian enterprises came from the sales within this sector. Wood processing
companies are located all over the country, with principal concentrations located
near Tallinn, Tartu, Parnu and Rakvere. A good price-quality ratio ensures the
competitiveness of products supplied by Estonian wood processing companies in
developed markets. As a result, products are cheaper than those of Western
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competitors. The quality of Estonian wood products compares favorably to
competitors in other Central or Eastern European countries.

Engineering & Metalworking

Estonian engineering is a developing modern industry with comprehensive ties
to engineering clusters in Scandinavia and Western Europe. In 2004, the Estonian
engineering and metal working industry had an out put of over 740 million euro,
which represents about 17 % of total national output. More than 20.000 people are
employed by about 300-400 companies, the majority of which are small and
medium-sized enterprises (SMEs). In terms of sector turnover, however, the largest
companies dominate. Industry focus is increasingly on the more complex and
value-added production, such as machine building and special tooling.

Electronics

The electronics industry is one of the fastest growing sectors in Estonia and a
number of foreign multinationals have relocated, which has moved production
towards less-labour intensive production and complex operations. About 300
companies currently employ approximately 13.000 people in this sector. Most of
these companies are SMEs, which account for more than 50 % of sector turnover.
In 1994 around 3.4 % of total Estonian manufacturing production was accounted
for by the electronics industry, a figure that had grown to 6.9 % by 2003. This
growth is forecasted to continue.

Construction

The construction industry is an important branch of the Estonian economy,
contributing about 6.7 % to total GDP. This makes construction the fifth largest
contributing sector to the Estonian national economic output [55].

As simplifying assumption the agricultural and industial sector were united.
Residential sector

In the year 2008, Estonia’s 1.331 million people are living in about 1 million
households. 69 % of these are in urban areas. The key data, that was taken mainly
from [56], [57], is given below.

Urban Households

e All of Estonia’s urban residents are connected to the electric grid, and use
electricity for lighting and other devices.

e 100 % have refrigerators, which consume 500 kWh per year on average.

e The average urban household annually consumes 400 kWh for lighting.

e Other devices such as washing machines, VCRs/VCPs, music systems,
TV, and fans annually consume 800 kWh per urban household.

e 70% of Estonia’s urban dwellers use electric stoves for cooking: the
remainder use natural gas stoves. All households have only one type of
cooking device.

e The annual energy intensity of electric stoves is 1.44 GJ per household, for
natural gas stoves it is 60 cubic meters.
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Rural Households

A recent survey of all rural households (both electrified and non-electrified)
indicates the following types of cooking devices are used:

Cooking in rural Estonia is given in Table 14.

Table 14. Cooking in rural Estonia

. Energy Intensity per
Type of cooking Share of Rural HH %I};usehol dy P
Natural gas stove 35% 60 m’
Wood stove 15% 525 kg
Electric stove 50 % 1.2GJ

100 % of rural households have access to grid-connected electricity.

95 % of the electrified rural households own a refrigerator, which
consumes 500 kWh per year on average.

All electrified rural households use electricity for lighting, which consumes
335 kWh per household. Only 5% of these households also use kerosene
lamps for additional lighting, using about 10 liters per year.

Other electric devices (TV, radio, fans, etc.), account for 111 kWh per
household per year.

Projections for residential sector
Urban Households:

By 2035, 75 % of Estonia’s households will be in urban areas.

Increased preference for electric stoves results in a 75 % market share by
2035.

The energy intensity of electric and gas stoves is expected to decrease by
half a percent every year due to the penetration of more energy-efficient
technologies.

As incomes rise and people purchase larger appliances, annual
refrigeration intensity increases to 600 kWh per household by 2035.
Similarly, annual lighting intensity increases to 500 kWh per household by
2035

The use of other electricity-using equipment grows according to population
growth projections.

Rural Households:

As incomes will increase after economical crises, the energy intensity of
electric lighting is expected to increase by 1 % per year.

Refrigerator use in grid-connected rural homes is expected to increase to
97 % in 2010, and 100 % in 2035.

Due to rural development activities the share of various cooking devices
changes so that by 2035, electrical stoves are used by 70 % of households,
the natural gas stoves usage decreases to 20 %. The remaining rural
households use wood stoves.
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Commercial sector
Commercial buildings in Estonia utilized a total of 1 million square meters of
floor space in 2008.

Total energy consumption for heating purposes was 0.18 million GJ in
2008.

Electricity, natural gas and wood for the total heating energy divided as
follows: 50 % electricity heating, 30 % natural gas and the remaining use
wood for heating.

Electric heaters have an efficiency of nearly 100 %, while natural gas
boiler efficiencies average 90 % and wood boilers have 82 % efficiencies.
Floor space in the commercial sector is expected to grow at a rate of 1 %
per year.

Due to expected improvements in commercial building insulation
standards, the useful energy intensity (i.e. the amount of heat delivered per
square meter) is expected to decline by 1 % per year until 2035.

By 2035, natural gas boilers are expected to have reached a market
penetration (i.e. share of floor space) of 50 %, while wood boilers are
expected to decline to 15 % market share. Electricity heating fills the
remaining requirements.

Transformation: Transmission and Distribution

This module represents electricity and transmission and distribution (T&D)
losses and natural gas pipeline losses. Electricity T&D losses amount to 8 % of the
electricity generated in 2008. In the projection these are expected to decrease to
7 % by 2035. Natural gas pipeline losses amount to 2 % in 2008, and are expected
to decrease to 1.5 % by 2035.

Electricity Generation

The main figures and description of Estonian electricity sector is given in
Chapter 1.1 and 1.2. It was summarized the existing power plant to the Table 15
and put the information on some of basic characteristics of the plants in 2008 in

Estonia:

Table 15. Basic characteristics of the plants in 2008 in Estonia

Plant type Installed Thermal Dispatch Maximum
capacity Efficiency Merit Capacity
(MW) (%) Order Factor
Existing Oil Shale Units 1393 30 1 80
Natural Gas PP 98 55 2 80
Wind 59 100 1 50
Hydro 3 100 1 70

The electricity system operates with a minimum planning reserve margin of
30 %, and the electric system currently has a low system load factor reflected in the
system load curve shown below. The peak system demand in 2008 was 1 525 MW,
System load curve in 2008 is given in Table 16 [58].

60



Table 16. System load curve in 2008

Hours, h Percent of peak load, %

0 100
2000 95
3000 89
4000 59
5000 44
7000 34
7440 33
7880 32
8320 30
8760 30

3.2.2 Energy power system development scenarios

As a part of this thesis, there were presented the different scenarios of Estonian
energy system development in the conditions of oil shale-based electricity supply
shortage, taking into account the main engagements and figures of electricity sector
by year 2020. The aim of this part is to a simplified model of Estonian energy
system with a transparent structure. The purpose of the model is to demonstrate the
usage of the model’s features in connection with the Estonian electricity system.
Afterwards, the model may serve as a basis for more accurate model of Estonia.

Using Estonia LEAP (Long-range Energy Alternatives Planning System) model
were elaborated eight alternative scenarios:

1. Reference scenario (REF)

The Reference Scenario represents a today’s situation of Estonia’s energy
sector. This scenario is characterized that the CFBC oil shale units will be
renovated and the production of electricity is dominated by oil shale. The
penetration of various renewable energy technologies such as wind and biomass
power generation is considered as per the existing situation today. In the REF, the
-12.3 % GDP growth rate in the year 2009 and the forecasts are according to Eesti
Pank’s revised forecast of the first quarter [52].

2. Low-growth scenario (LG)

This scenario assumes a low GDP growth rate of -15.3 % in the year 2009
relative to the -12.3 % GDP growth rate assumed in the REF scenario in the same
year and the forecasts are according to Eesti Pank’s revised forecast of the first
quarter [52]. The impact of projected GDP growth rates will influence to the future
trajectories of energy demand in this scenario. Electricity consumption in this
scenario is estimated like increasing of 0.7 % annually. All other assumptions and
other parameters are similar to the REF scenario.

3. High-growth scenario (HG)

This scenario assumes a high GDP growth rate of -8.4 % from year 2009
relative to the GDP growth rate of -12.3 % assumed in the REF scenario in the
same year and the forecasts are according to Eesti Bank’s revised forecast of the
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first quarter [52]. This scenario shows an optimistic view of the Estonian economy.
Electricity consumption in this scenario is estimated like increasing of 1.6 %
annually. All other assumptions and other parameters are similar to the REF
scenario.

4. Nuclear capacity scenario (NUC)

In this study, nuclear-energy-based power generation has been included as per
Eesti Energia plans. The installed capacity of nuclear power plants is 600 MW in
year 2020. The nuclear energy - based power generation capacity is expected to be
in the amount of 5000 GWh per year from the nuclear power plan starting.
Additional information about nuclear power plant scenarios is given in [33].

5. Renewable energy scenario (REN)

In this scenario, high penetration of renewable energy is considered. Amount of
potential places are identified for wind-based power plants in the country such as
offshore wind farms in Estonian waters and wind farm on the closed ash field at
AS Narva Elektrijaamad. The availability capacity of wind power plants is
assumed to increase till 618 MW by the year 2012 as compared to the existing
117 MW in 2009.

6. Hybrid scenario (HYB)

This scenario is a combination of the REF, REN, and NUC scenarios. It
describes the energy forecast of the Estonian economy by incorporating the entire
range of renovation and development of oil shale technologies, penetration of
nuclear energy - based power generation technologies, the renewable energy
sources and the starting up of new gas turbine with capacity of 100 MW after year
2012. The GDP growth rate is as in REF scenario.

7. Low-growth-hybrid scenario (LHYB)

This scenario combines a low GDP growth rate like in LG scenario and the
HYB scenario with energy technologies development. This scenario is
representative of the pessimistic scenario in low economic growth with the
technological achievements.

8. High-growth-hybrid scenario (HHYB)

This scenario combines a high GDP growth rate like in HG scenario coupled
with high efficiency levels, high nuclear capacity, and penetration of renewable
energy as in HYB scenario. This scenario is representative of the most optimistic
scenario in terms of both economic growth and technological achievements.

3.2.3  Model results and analyses

This Chapter presents the analytical results of the scenarios mentioned in previous
Chapter. The results were obtained after running the Estonia LEAP (Long-range
Energy Alternatives Planning System) model for eight alternative scenarios:
Reference scenario (REF) at -12,3 % GDP

Low-growth scenario (LG) at -15,3 % GDP

High-growth scenario (HG) at -8,4 % GDP

Nuclear capacity scenario (NUC) at -12,3 % GDP

Renewable energy scenario (REN) at -12,3 % GDP

Nk
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6. Hybrid scenario (HYB) at -12,3 % GDP
7. Low-growth-hybrid scenario (LHYB) at -15,3 % GDP
8. High-growth-hybrid scenario (HHYB) at -8,4 % GDP

3.2.3.1 Reference scenario results

The results of Reference scenario are given in this Chapter.

Figure 11 presents sectoral primary energy demand that depends mostly on
annual growth rate and increases annually 1.43 % during the calculation period
(2009-2035), taking into account the economic crises of country in the REF.
Generally sectoral energy demand is divided into four main sectors: commercial
sector, transport, industrial sector and residential or household sector. The first
highest contributor to the growth in sectoral energy consumption is increasing
consumption in the industrial sector in the REF scenario during 2009-2035
annually by 1.66 %, in the residential sector by 1.07 %, in the transport sector by
0.66 % and in the commercial sector by 0.23 %. The requirements shown under the
demand category shows only the primary energy required to meet domestic
demands.

Sectoral energy demand
Scenario: REF

Il Household
] Industry
[] Transport
Il Ccommercial

ene o

2008 2010 2012 2015 2017 2020 2022 2025 2027 2030 2032 2035
Years

Figure 11. Sectoral energy demand: commercial, transport, industry and household

The next Figure 12 shows the primary energy requirements under the resources
category accounts for converted energy system requirements.
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Sectoral primary energy consumption (converted energy part)
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Figure 12. Sectoral primary energy demand: commercial, transport, industry and household

These primary energy requirements depend on energy production projections
and decrease annually 0.76 % during the calculation period (2009-2035), taking
into account the shortage of electricity production of country after year 2020 in the
REF.

As shown in Figure 13 the main energy consumption areas of sectoral energy
demand in the end year are mining 18 % in percent shares, urban household
consumption 18 %, textile production 14 %, building and chemistry 12 %, wood
production 10 %, passenger transport 7 %, food processing 7 %, other industry
(including machinery, transport equipment, production of other non-metallic
mineral products) 6 %, pulp and paper branch 3 %, rural household consumption
3 %, commercial heating and freight transport 2 %.

The sectoral annual growth projections over the period 2009-2035 in the REF
scenario are as follows: passenger and freight transport sector increasing by 0.63 %
and 1.39 % respectively; industrial wood production increasing by 1.46 %, textile
production by 1.73 %, paper production by 1.45%, mining 1.75 %, food
processing 1.44 %, bilding and chemical industry by 1.45 % and other industry by
2.65% (including machinery, transport equipment, production of other non-
metallic mineral products); urban household consumption increases by 1.76 % and
rural area consumption decreases by 0.84 %; commercial sector increases by
0.23 %.
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Sectoral energy demand by branches
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Figure 13. Sectoral energy demand by branches

The next Figure 14 shows the primary energy requirements by branches under
the resources category accounts for converted energy system requirements. In the
REF scenario the total primary energy consumption decreases annually 0.76%
during the period 2009-2035. The sectoral annual growth projections over the
period 2009-2035 in the REF scenario are as follows: passenger and freight
transport sector increasing by 0.62 % and 1.39 % respectively; industrial wood
production decreasing by 0.69%, textile production by 0.58 %, paper production by
0.66 %, mining 0.57 %, food processing 0.67 %, bilding and chemical industry by
0.66 % and other industry by 0.62 % (including machinery, transport equipment,
production of other non-metallic mineral products); urban household consumption
decreases by 0.86 % and rural area consumption by 2.0 %; commercial sector by
1.52 %.

Figure 15 also presents the fuel-wise sectoral primary energy requirements. Oil
shale remains the dominant fuel as far as the sectoral energy consumption is
concerned. Its consumption decreases almost 50 % after year 2020 according to
energy production projections in REF scenario. The consumption of natural gas
increasing after year 2012 during calculation period annually 0.6 % per year, the
wood, diesel, oil and others are at the same level in the sectoral energy
consumption area. The environmental loadings for technologies were calculated
using the existing library of Technology and Environmental Database (TED) in
LEAP model.
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Primary energy consumption
Scenario: REF
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Figure 14. Sectoral primary energy consumption by branches (converted energy part)

Primary energy requirements by fuel type
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Figure 15. Primary energy requirements by fuel type
Figure 16 and 17 present fuel-wise electricity generation and electrical capacity
in the REF scenario over the modelling time frame (2009-2035). The total
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electricity generation and electrical capacity in this scenarion is characterized that
the production of electricity is dominated by oil shale; four of oil shale old units
will be renovated. The penetration of various renewable energy technologies such
as wind and biomass power generation is considered as per the existing situation
today. The rest of oil shale old units will be closed after 2020 and only energy
units nr. 8§ and 11 of Narva Power Plant will be in operation. There are no new
power plants in this scenario.

Electricity generation by fuel type
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Figure 16. Electricity generation by fuel type

Electrical capacity by fuel type
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Figure 17. Electrical capacity by fuel type



In the REF scenario, the total electricity generation decreases from 9 TWh in
2008 to 5.5 TWh in 2035. The oil-shale-based generation decreases from 8.7 TWh
in 2008 in the REF scenario to 4.5 TWh in the 2035. Gas-based generation has the
same level as in base year because no new power plants will be built in this
scenario. The growth of biomass and wind power generation is 0.36 TWh and
0.3 TWh respectively.

Figure 18 shows the trends of CO, emissions in million tonnes in the REF
scenario over the modelling time frame. Total emission of carbon dioxide from
energy production sector is calculated for two main fuels that used in the electricity
generation: oil shale and natural gas, the rest of fuels are CO, free electricity
source. The trends of amount of carbon dioxide emissions are similar to energy
generation trends and have a direct correlation from using fuels in the process.
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Figure 18. CO, emissions by fuel type
3.2.3.2 Results across various scenarios

A comparative analysis of the key results across all the scenarios is presented in
this section.

Figure 19 presents the sectoral energy demand across various scenarios that
include commercial, transport, industrial and residential sector. The requirements
shown under the demand category shows only the primary energy required to meet
domestic demands. In the REF, REN, NUC and HYB scenario, the total energy
demand increases annually 1.43 % during the period 2009-2035, taking into
account the economic growth projections of country in the these scenarios.
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However, it increases annually by 0.7 % and 1.6 % in the LG and HG scenarios,
respectively. It has been observed also that in the LHYB and HHYB scenario, the
total sectoral energy demand increases the same as LG and HG scenarios.

Energy demand across various scenarios
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Figure 19. Energy demand across various scenarios

Figure 20 shows primary energy consumption across various scenarios, where
the primary energy requirements under the resources category accounts for
converted energy system requirements.

In the REF, REN, NUC scenarios the primary energy consumption decreases
annually 0.76 % during the period 2009-2035, taking into account the shortage of
electricity production of country after year 2020 in the REF. It decreases annually
by 1.0 % in the LG and 0.72 % in HG scenarios. It also decreases annually by
0.67 % in HYB scenario, 0.92 % in the LHYB and 0.64 % in HHYB scenario.

The difference in energy consumption between the REF scenario and the HYB
scenario in 2035 is 2.4 PJ (the combination of the REF, REN, and NUC scenarios
and new gas turbine in the HYB scenario).

The sharp drop of primary energy consumption after year 2020 is caused by the
reduction in consumption of oil shale by almost 50 % of total amount. This
reduction in consumption of oil shale is attributed to the oil shale old units closing
after year 2020.
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Primary energy consumption across various scenarios
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Figure 20. Primary energy consumption across various scenarios

Figure 21 presents a comparison of electricity generation across various
scenarios. In the REF, LG and HG scenario, the total electricity generation
decreases from 9 TWh in 2008 to 5.5 TWh in 2035, the shortage of electricity
generation will be 3.6 TWh in 2035. The oil-shale-based generation decreases from
8.7TWh in 2008 in the REF scenario to 4.5 TWh in the 2035. Gas-based
generation has the same level as in base year, because no new power plants will be
built in this scenario. The growth of biomass and wind power generation is
0.36 TWh and 0.3 TWh respectively.

In HYB, HHYB and LHYB scenarios, the total power generation increases
from 9 TWh in 2008 to 12.7 TWh in 2035. The oil-shale, gas, biomass and wind-
based energy production are the same as in the REF scenario. However, there
exists variation in the technology deployment for power generation across these
scenarios: it is added new nuclear and gas power generation that replaces oil-shale-
based generation. In the NUC scenario, the total power generation increases by
1.4 TWh in 2035 and in the REN scenarios, the shortage of electricity generation
will be 2.2 TWh in 2035.
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Electricity generation across various scenarios

12 600 —
12 400 HG

12 2004 HHYB
12 000 ]

11 800 HYB
11 600 ] LG

11 400 ]

11 200 LHYB
11 000 ]

10 800 ] NUC
18 638— — REF

10 400 ] _

10 200 REN

Gigawatt-Hours
[{e]
o
3

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2035
Years

Figure 21. Electricity generation across various scenarios

Figure 22 presents a comparison of electricity generation capacity across
various scenarios. In the REF, LG and HG scenario, the total electrical capacity
decreases from 1 550 MW in 2008 to 650 MWh in 2035, the shortage of electricity
generation capacity will be 900 MW in 2035. The oil-shale-based generation
capacity decreases from 1 393 MW in 2008 in the REF scenario to 388 MW in the
2035. Gas-based generation has the same level as in base year, because no new
power plants will be built in this scenario. The growth of biomass and wind power
generation is 45 MW and 58 MW respectively.

In HYB, HHYB and LHYB scenarios, the total power generation increases
from 1 550 MW in 2008 to 1 945 MW in 2035. The oil-shale, gas-based energy
producton are the same as in the REF scenario. The biomass power capacity will
increase to 138 MW and wind-based power capacity to 618 MW. The new nuclear
power plant capacity of 600 MW and gas power plant capacity of 100 MW are
included; there is no shortage of electricity generation capacity by 2035 in this
scenario. In the NUC scenario, the total electrical capacity decreases from
1550 MW in 2008 to 1 150 MW in 2035, the shortage of electricity generation
capacity will be 300 MW in 2035 in this scenario; and in the REN scenarios, the
shortage of electricity generation capacity will be 400 MW in 2035.
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Electrical capacity across various scenarios
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Figure 22. Electrical capacity across various scenarios

For simplifying it was shown the trends of CO, emissions in the REF and HYB
scenarios over the modelling time frame in Figure 23. The REN, NUC, LG and HG
scenarios have the same trend as in REF scenario. The HHYB, LHYB scenarios
have the same total emissions of carbon dioxide as in HYB scenarios. The price
level of CO, emissions is taken as 25 EUR/ton.

As it shown in REF and HYB scenarios the total emissions decrease sharply
after year 2020 due to reduction of oil- shale-based electricity production. The
HYB scenario has the advantage of new nuclear plant that does not have CO,
emissions, however in the REF scenario about half of the electricity needed to
import after the year 2020. The nuclear power plant could be politically and
environmentally regarded as the preferred technology. The trends of amount of
carbon dioxide emissions are similar to energy generation trends. The trends of
energy generation in REF scenario are different from HYB scenario by new natural
gas power plant with additional electrical capacity 100 MW.
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CO2 emissions across various scenarios (million tonnes)
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Figure 23. CO2 emissions in million tones

Figure 24 shows the energy flows modelled by LEAP. Reference Energy
System (RES) diagram showing the main energy flows from resource extraction,
through the conversion and transport of fuels, through to final energy demand.
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Figure 24. Simple Reference Energy System
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The gray labeled nodes on the right of the RES diagram show the indigenously
produced primary resources (the diagram does not currently display imports or
exports). The colored nodes in the center of the diagram show the modules in
transformation system, far left of the diagram is a node representing final demands.
The colored lines on the RES show the individual primary input fuels to each
module. They also show how secondary energy produced by each module is
consumed either in another module or by final demand. Secondary fuels produced
in the system are not displayed individually, but are aggregated into a single
colored line. Lines on the diagram are color coded to show the modules to which
they are connected [14].
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CONCLUSIONS

1. For the analysis of the energy planning models, the classification and the
basic distinctions of the types of models were described. During the
analysis of the advantages and disadvantages of the energy planning
model’s main characteristics, from the point of view of the Estonian energy
sector, were investigated:

e according to the analytical approach, top-down models are the most
useful for studying the broad macroeconomic and fiscal policies for
mitigation of the environmental taxes, they are suitable for predictive
purposes in short term; bottom-up models are suitable for studying the
options that have specific sectoral and technological implications; the
most flexible models are hybrid models that combine the advantages of
the top-down and bottom-up models.

e according to the methodology, the most suitable models are
optimization, simulation and toolbox models; econometric and macro-
economic models are less useful, because they do not represent
specific technologies and no long term planning possibilities;
economic equilibrium models are insufficient as the economy of the
Estonian market is relatively new and changes in the structure and
conditions of the economy have not fully formed.

e concerning the mathematical approach, linear programming has a clear
advantage because it allows simple programming, it can easily be
understood and the problem can be solved in a straightforward way by
using standard algorithms.

2. The different types of the existing energy planning models were reviewed
and ten existing energy models, which have the bottom-up or hybrid
approach, linear programming and according to the methodology, are
simulation, optimization and toolbox models, selected for a more detailed
analysis. A brief overview of the selected energy planning models,
including EFOM, TIMES, LEAP, MARKAL, MESAP, MESSAGE,
MIDAS, PowerPlan, RETScreen and EnergyPlan, and their application
across several countries was given.

3. Most of the ten selected models are applied to the analysis of the entire
energy sector as well as to the electricity and district heat single sectors.
PowerPlan is applied to the analysis of the electricity supply systems only.

4. Only freely available energy planning models were selected for the
analysis of the adaptability of the models: RETScreen, EnergyPlan and
LEAP. The RETScreen and EnergyPlan models were used in the
calculations of the heat energy supply alternatives modelling in Narva city.
The LEAP model was used for the elaboration of the scenarios of the
Estonian energy system's development.
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10.

11.

The analysis of the heat energy supply alternatives modelling in Narva city
was given to compare the oil shale condensing extraction turbine block
usage with biomass CHP, natural gas CHP and boiler house economy.
Both of the models (RETScreen, EnergyPlan) could be equally used for the
pre-feasibility study of the new capacity planning projects. The results of
the reviewed models are marginally different; the models are indicative for
the scenarios development and could be useful for comparing the
fundamental technological processes.

The advantage of using these models is that they allow to get reliable
results by using comparatively low input data. The RETScreen energy
model has more detailed input requirements of technological
characteristics for the new energy capacity planning and the EnergyPlan
model is more suitable for the whole country's energy balance planning.
The disadvantage of the EnergyPlan model is that it does not have
opportunities to calculate the financial feasibility indicators and payback of
the projects when modelling the new capacities.

Compared to the LEAP model, neither of the models (RETScreen,
EnergyPlan) have the possibilities for inputting the external assumption
information and data of the sectors such as industry, mining, commercial
and residential.

The analysis based on the LEAP model was done across the eight scenarios
of the development of the Estonian energy system during the period
2009-2035, and key results across all the scenarios were given. Estonian
energy system was simplified with a transparent structure and an overview
of the current energy supply in Estonia, future changes and projections of
the Estonian energy production system related to the restrictions in
technology and environment were given.

The LEAP model, a user-friendly and freely available tool, demonstrated
the usage of the model’s features in connection with the Estonian
electricity system and it could be suitable for elaborating the scenarios for
the whole energy sector and for electricity and heat single sectors,
including external assumptions. Afterwards, the model may serve as a
basis for a more accurate model of Estonia, and the data presented in this
work will be helpful for the energy planners, researchers and analysts.
Based on the practical part of this work, it could be concluded that the
methodological approach of the selection of energy planning models was
substantiated and the selected models are suitable for the analysis of the
energy sector in Estonia.
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ENERGY PLANNING MODELS ANALYSIS AND THEIR
ADAPTABILITY FOR ESTONIAN ENERGY SECTOR

ABSTRACT

The trend of liberalization and changes in the Estonian energy market, related to
the European Union's strict technological and environmental requirements, give
rise to the need to develop the modeling of new scenarios for the energy sector in
Estonia by mitigating the environmental impacts of electricity production and using
new, less environment-damaging technology. The easiest way to develop scenarios
is to use energy planning modeling.

Modeling is one of the complicated forecasting methods. In recent years, a large
number of energy planning models have been developed. Energy planning models
often become useful when analyzing complex systems involve a lot of data; they
help to understand the relationships between the different parameters and work out
development scenarios in any country. Afterwards, the model may serve as a basis
for a more accurate model of the country.

Objectives of the thesis are analysis and evaluation of the existing energy
models in the world; development of the selection criteria and selection of the
several energy models for the analysis of the energy market in Estonia; practical
testing of the applicability of the selected models to Estonia.

Only freely available energy planning models were selected for the analysis of
the adaptability of the models: RETScreen, EnergyPlan and LEAP. The
RETScreen and EnergyPlan models were used in the calculations of the heat
energy supply alternatives modelling in Narva city. The LEAP model was used for
the elaboration of the scenarios of the Estonian energy system's development. An
overview of the current energy supply in Estonia and future changes of the
Estonian energy production system related to the restrictions in technology and
environment was given. The classification of the energy system models and their
basic structure were provided.

The methodological approach of the selection of the energy planning models
was substantiated and the selected models are suitable for the analysis of the
energy sector in Estonia. The present work will be helpful for the energy planners,
researchers and analysts.

Keywords: energy planning, energy model, optimization, simulation, toolbox,
reference energy system, LEAP, EnergyPlan, RETScreen.
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ENERGEETIKA PLANEERIMISE MUDELITE
ANALUUS JA NENDE RAKENDATAVUS
EESTI ENERGIASEKTORIS

KOKKUVOTE

Eesti on viike riik, kus elektrienergia tootmine, pdlevkivi kaevandamine ja
todtlemine on regionaalne majanduslik kompleks koos oma raskustega. Eestis
toodetakse siiani ilile 90%  elektrienergiast podlevkivijaamades.  Eesti
energiasiisteemi struktuur on vélja arendatud ldhtudes elektritootmisest Narvas,
kuid see ei vasta enam Eesti Vabariigi vajadustele seoses muutustega, mis
tulenevad  keskkonnanoduetest, energiaturu  avanemisest, energiatootmise
hajutamisest, taastuvenergia kasutuselevotust ja koostootmise laienemisest.
Elektritootmise planeerimist ei saa vaadelda iildisest majandusarengust ja
iildenergeetikast  lahutatult.  Seetdttu peaksid energiasiisteemi tehtavad
investeeringud olema suunatud siisteemi muutmisele nii Eestis kui ka teistes
Euroopa Liidu maades, mis soodustaksid igati edukat majandusarengut. Balti
riikide ees on praegu keerukas olukord, kus peab loobuma monopolist ja arendama
vaba elektriturgu vastavalt Euroopa Liidu nouetele. Eesti on aga taotlenud
iileminekuperioodi pdlevkivi baasil toodetava energia arengu lahendamiseks.
Liberaliseerimise trendid ja muutused Eesti energiaturul on seotud Euroopa Liidu
tehnoloogia ja keskkonna rangete nduetega. Selle tdttu tekib vajadus arendada uusi
Eesti  energiasektori  stsenaariume. Arvestada tuleb keskkonnamojusid
elektrienergia tootmisel ning kasutusse tuleb votta uusi keskkonnaohutuid
tehnoloogiaid. Arengu planeerimisel tuleb arvestada voimalikke tehnoloogilisi
uuendusi planeerimisperioodil (uued generaatorid, nt. gaasiturbiinid, kohalike
vdiketootjate lisandumine), energia (soojuse ja elektri) tariifimddrade muutusi,
seadmete ja materjalide arengut. Lihtsaim meetod nende stsenaariumide
arendamiseks on energeetika planeerimise modelleerimise kasutamine.
Modelleerimine on iiks keerulisemaid planeerimise meetodeid. Viimastel
aastatel on vilja arenenud suur hulk energeetika planeerimise mudeleid.
Energeetika planeerimise mudelite kasulikkus ilmneb, kui analiilisitakse paljude
andmetega keerukaid siisteeme. Mudelid aitavad moista seoseid erinevate
parameetrite vahel ja tootada vilja stsenaariumeid arenguks igas riigis. Saavutatud
mudel voib saada aluseks tdpsema mudeli jaoks.
Kéesoleva doktoritdo eesmargid on jargmised:
1. maailmas toimivate energeetikamudelite analiiiis ja hinnang;
2. valikukriteeriumite viljatdGtamine ja energeetika planeerimise mudelite valik
Eesti energiaturu analiiiisiks;
3. valitud energeetika planeerimise mudelite praktiline rakendatavus Eesti jaoks.
Esimeses peatiikis on antud iilevaade praegusest energiavarustusest Eestis ja
tulevastest muutustest Eesti energiatootmise silisteemis seoses tehnoloogia ja
keskkonna piirangutega.
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Teine peatiikk kasitleb energeetika planeerimise mudelite klassifiktsiooni ning
mudelite pohistruktuuri. Samuti on seal vélja todtatud energeetika planeerimise
valikukriteeriumid ning nende kriteeriumide alusel on valitud vilja mudelid
edasiseks analiiiisiks. Valitud mudelitest on antud lithililevaade koos niidetega
nende rakendamisest erinevates riikides.

Kolmas peatiikk on pithendatud energeetika planeerimise mudelite praktilise
rakendatavuse uurimisele. Uuring on jagatud kahte ossa. Esimeses osas on testitud
kahte mudelit RETScreen ja EnergyPlan eesmirgiga soojuse energiavarustuse
alternatiivide modelleerimiseks Narva linnas. Teises osas on vilja tootatud kaheksa
stsenaariumi Eesti energiasiisteemi arendamiseks LEAP mudeli abil perioodiks
2009-2035, vottes arvesse peamisi kohustusi ja arengutrende elektrienergia sektoris
kuni aastani 2020.

Kokkuvdtteks:

1. On analiiisitud energeetika planeerimise mudelite klassifikatsiooni ja
kirjeldatud pohilisi liike. Energeetika planeerimise mudelite karakteristikute
eeliste ja puuduste analiiiisimise kdigus, pidades silmas Eesti
energiamajandust, jouti jargmiste jareldusteni:
= Vastavalt analiiiitilisele l&henemisele on {ilalt-alla mudelid kasulikumad

makromajanduse ja keskkonnamaksude uurimiseks. Nad sobivad
ennustamiseks eesmairgiks lithikeseks ajaperioodiks. Alt {iiles mudelid
sobivad konkreetsetes valdkondades erinevate tehnoloogiliste mojude
uurimiseks. Kodige paindlikumad mudelid on hiibriidsed mudelid. Nendes
on kombineeritud iilalt-alla ja alt-liles mudelite parimad niitajad.

= Vastavalt metoodikale on kdige sobivamad mudelid optimeerimise, simu-
latsiooni ja toovahendite mudelid. Okonomeetrilise ja makromajanduse
mudelid on vihem kasulikud, sest nad ei esinda kindlaid tehnoloogiaid ega
pikaajalise planeerimise voimalusi. Majandusliku tasakaalu mudelid on aga
ebapiisavad, sest Eesti turg on majanduslikus mottes suhteliselt uus ja on
16plikult veel vilja arenemata.

= Vastavalt matemaatilisele 1&henemisele on lineaarsel programmeerimisel
selge eelis, sest see vOimaldab lihtsa programmeerimise, toob esile
probleemi ja aitab seda lahendada lihtsalt viisil, kasutades standardseid
algoritme.

2. Erinevate olemasolevate energeetika planeerimise mudelite ldbivaatamisel
valiti vélja kiimme olemasoleva energeetika mudelit, mis omavad alt-iiles
vOi hiibriidse ldhenemise, lineaarse programmeerimise ja vastavalt
metoodikale on optimeerimise, simulatsiooni ja todvahendite mudelid.
Tehtud on lihililevaade valitud energeetika planeerimise mudelitest
EFOM, TIMES, LEAP, MARKAL, MESAP, MESSAGE, MIDAS,
PowerPlan, RETScreen, EnergyPlan ja nende rakendamisest erinevates
riikides.

3. Enamik valitud mudeleid modelleerib kogu energiasektori, samuti
vOimaldades eraldi modelleerida ka elektri ja kaugkiitte sektori. PowerPlan
mudelit kasutatakse ainult elektrivarustussiisteemide analiiiisiks.
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10.

11.

Rakendatavuse analiilisimiseks on valitud ainult vabalt kéttesaadavad
energeetika planeerimise mudelid: RETScreen, EnergyPlan ja LEAP.
RETScreen ja EnergyPlan. RETScreen ja EnergyPlan mudeleid kasutati
soojuse energiavarustuse alternatiivide modelleerimisel Narva linnas.
LEAP mudelit on kasutatud Eesti energiasiisteemi arendamisel.
Soojuseenergiaga varustamise alternatiivide modelleerimise analiilisimisel
Narva linnas vorreldi 6konoomsust pdlevkivi vaheltvottu turbiiniga ploki,
biomassi CHP, maagaasi CHP ja katlamaja vahel. Modlemad mudelid
(RETScreen, EnergyPlan) vdivad olla kasutusel ennetavates uuringutes
uute tootmisvOimsuste planeerimise projektides. Vaadeldud mudelite
tulemused on aga marginaalselt erinevad: antud mudelid sobivad
stsenaariumide arendamiseks ning pohiliste tehnoloogiliste protsesside
vordlemiseks.

Eeliseks on see, et need voOimaldavad saada usaldusvidirseid tulemusi
viheste ldhteandmetega. RETScreen mudel vajab tehnoloogiliste
karakteristikute detailsemaid ldhteandmeid uute energiatehnoloogiate
ehitamise planeerimisel. EnergyPlan mudel sobib rohkem terve riigi
energiabilansi planeerimiseks.

EnergyPlan mudeli puuduseks on see, et ei ole vdimalik arvutada
finantsilisi niitajaid ja tasuvusaega uute projektide modelleerimisel.
Erinevalt LEAP mudelist puudub mudelitel RETScreen ja EnergyPlan
vOimalus sisestada parameetreid ja ldhteandmeid erinevate valdkondade
kohta. Néiteks andmeid todstuse, méetoodstuse, dri ja elamute kohta.

LEAP mudeli analiiiisi pohjal on tehtud iile kaheksa stsenaariumi Eesti
energiasiisteemi arendamiseks perioodil 2009-2035 a. Tulemused kd&igi
stsenaariumide kohta saavutati. Eesti energiasiisteemi on lihtsustatud
labipaistva struktuuriga ja antud iilevaade praegusest energiavarustusest
Eestis, tulevatest muutustest ja prognoosidest Eesti energiatootmise
slisteemis seoses tehnoloogia ja keskkonna piirangutega.

LEAP mudel on kasutajasdbralik ning vabalt kittesaadav vahend, mida
voib kasutada Eesti energiasiisteemi stsenaariumide viljatodtamisel kogu
energiasektoris ning elektri ja soojuse sektorites pikemaajaliste plaanide
koostamisel. T60s esitatud andmed ja tulemused on vajalikud energeetika
arengu planeerijatele, teadlastele ja analiilitikutele.

Kéesoleva t60 praktikalise osa pdhjal voib jareldada, et energeetika
planeerimise mudelite valikul metoodiline lihenemine on pohjendatud
ning valitud mudelid sobivad Eesti energiasektori analiiiisimiseks.
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In recent years, a large number of models have been developed for energy system analysis
including demand and supply forecasts and impacts of policy shifts on overall energy sys-
tems. Energy models are based on different fundamental approaches and concepts, and em-
ploy a range of mathematical algorithms. As a consequence, these models vary considerably,
and the question arises which model is most suited for a certain purpose or situation.

Estonia is the only country in Europe that has a significant oil-shale mining industry,
and 95% of Estonian electricity is produced by oil-shale power plants. The Baltic countries
are facing a complex situation in breaking up the monopoly and solving the free electrici-
ty market issues. Also, Estonia has applied (for a transition period) for the oil shale-based
energy sector development. The trend of liberalization and changes in the Estonian energy
market, related to European Union strict technological and environmental requirements,
needs developing new scenarios for the energy sector in Estonia to mitigate the environ-
mental impacts of electricity production by using new, less environment-damaging tech-
nologies. This paper presents an ongoing research project where the objective is to analyse
energy planning models to elaborate scenarios of developing the Estonian energy system in
the conditions of oil shale-based electricity supply shortage, taking into account the main
engagements and figures of the electricity sector by year 2015.

Key words: energy planning, modeling, energy model, supply, demand, forecast, optimizati-
on, economic equilibrium, simulation

1. INTRODUCTION

Energy models were first developed in the 1970s because of the
increasing availability and development of computers and the
increasing environmental awareness. Most of the energy mod-
els were built and used in industrialised countries, so that the
main assumptions about energy systems were mainly based on
the experience from these countries. Energy models are based
on different fundamental approaches and concepts, and employ
a range of mathematical algorithms. As a consequence, these
models vary considerably, and the question arises which model
is most suited for a certain purpose or situation.

In order to decide which model is better to use, it is im-
portant to know the model characteristics, structures, data
and modelling methods. The ways of classification are given
in this work and the basic distinctions of the types of models
such as econometric, macro-economic, economic equilibrium,
optimization, simulation, spreadsheet / toolbox and backcasting
are described. In practice, it is not feasible to develop our own
models for energy planning; it is more effective to use existing
models, but the key question is to decide which model should
be used. The purpose of this paper is to give information about
user-friendly tools for energy planning analysts to perform de-
mand and supply analysis and to elaborate the methodology of
planning and forecast. For comparison, we selected and com-
pared different worldwide used energy-planning models.

2. CLASSIFICATION OF ENERGY SYSTEM MODELS

Models are built for various purposes and consequently have dif-
ferent characteristics and applications.

Nine ways of their classification are presented:

1. Purposes of energy models:

» General: forecasting, exploring, backcasting.

« Specific: energy demand, energy supply, impacts, appraisal,
integrated approach, modular build-up.

2. The model structure: internal assumptions and external
assumptions.

3. The analytical approach: top-down, bottom-up and hybrid.

4. The underlying methodology: econometric, macro-eco-
nomic, economic equilibrium, optimization, simulation, spread-
sheet / toolbox and backcasting.

5. The mathematical approach: linear programming, mixed-
integer programming, dynamic programming.

6. Geographical coverage: global, regional, national, local, or
project.

7. Sectoral coverage: single-sectoral models and multi-sec-
toral models.

8. The time horizon.

9. Data requirements.

Such classification of energy models is helpful for under-
standing their need, their roles and their specificity in relation
to the studies under consideration [1].
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Table 1. Characteristics of top-down and bottom-up models

Top-down models

Bottom-up models

Use an “economic approach”

Use an “engineering approach”

Give pessimistic estimates on “best” performance

Give optimistic estimates on “best” performance

Cannot explicitly represent technologies

Allow for a detailed description of technologies

Reflect available technologies adopted by the market

Reflect the technical potential

The “most efficient” technologies are given by the production
frontier (which is set by market behaviour)

Efficient technologies can lie beyond the economic production
frontier suggested by market behaviour

Use aggregated data for predicting purposes

Use disaggregated data for exploring purposes

Are based on actual market behaviour

Are independent of the actual market behaviour

Disregard the technically most efficient technologies,
thus underestimate the potential for efficiency improvements

Disregard market thresholds (hidden costs and other constraints),
thus overestimate the potential for efficiency improvements

Determine energy demand through aggregate economic indices
(GNP, price elasticities), but vary in addressing energy supply

Represent supply technologies in detail, using disaggregated data,
but vary in addressing energy consumption

Endogenize behavioural relationships

Assess costs of technological options directly

Assumes obsence of discontinuities in historical trends

Assumes that the interaction between energy sector and
other sectors is negligible

Generally, recent models offer an integrated approach in
the sense that they combine several specific purposes, although
some of the models focus on one aspect only (such as some
utility expansion or environmental impact models). Beside the
purpose, models can also be distinguished according to their
structure:

« Internal assumptions: degree of endogenization, descrip-
tion of non-energy sectors, description of end-uses, and descrip-
tion of supply technologies.

o External assumptions: population growth, economic
growth, energy demand, energy supply, price and income elas-
ticities of energy demand, existing tax system and tax recycling.

Concerning the mathematical approach, linear program-
ming has a clear advantage in that it allows for simple program-
ming and can easily be understood by planners because no spe-
cial expertise is needed. In this case, the problem can be solved
in a straightforward way by using standard algorithms.

The geographical coverage reflects the level at which the
analysis takes place: the global models describe the world econ-
omy or situation; the regional level frequently refers to interna-
tional regions; the national models cover all major sectors in a
country, taking into account world market conditions; the local
models refer the regions within a country, and the project level
is a somewhat special case.

By the sectoral coverage, a model can be focused on only one
sector or include more sectors.

The time horizon models are divided into:

« Short-term (5 years or less)

» Medium-term (5-15 years)

« Long-term (10 years or more).

Finally, by the data requirement, a model can require certain
types of data: qualitative, quantitative, monetary, aggregated and
disaggregated.

We will discuss in more detail the analytical approach and
the underlying methodology in the next two sections.

2.1. The analytical approach to energy system models

In the analytical approach, the models can be divided into top-
down, bottom-up and hybrid. The distinction between top-down
and bottom-up models is particularly interesting because they

tend to produce opposite outcomes for the same problem. In top-
down models, the functional details of the system are derived
from aggregated macro-economic parameters, such as labour,
capital, interest rate, etc. In contrast, in bottom-up models the
driver is energy service demand, and the results are produced by
the structure of the detailed technology system. The bottom-up
model is thus rich in technological details, and aggregated val-
ues are based on the projection of energy service demand and
the properties of these technologies.

The top-down and bottom-up models can be combined in a
hybrid approach, depending on the purpose, data requirements
and desired output [1].

The different aspects related to the top-down and bottom-up
models are summarized in Table 1.

Top-down models are most useful for studying broad mac-
roeconomic and fiscal policies such as carbon or other envi-
ronmental taxes. Top-down models externalise major struc-
tural changes such as lifestyles, urbanisation and technological
changes. The strengths of the top-down approach are its con-
sistency, links to historic references and economic frameworks,
equilibrating prices and quantities, and its data availability.

Bottom-up models are most useful for studying options
that have specific sectoral and technological implications. The
bottom-up approach can be useful mainly because the model is
independent of market behaviour and production frontiers and
because technologies are explicitly modelled. The weaknesses of
bottom-up models are that their main drivers such as demand,
technology change and resources remain exogenous [1].

The hybrid approach leads to flexible models, because it
combines the advantages of top-down and bottom-up models.
Both top-down and bottom-up models can be useful for certain
purposes of future forecasts, but most of energy planning mod-
els are focused on bottom-up or hybrid approaches because of
their flexibility.

2.2. The underlying methodology of energy system models

Concerning the underlying methodology there are eight types of
models: econometric, macro-economic, economic equilibrium,
optimization, simulation, spreadsheet / toolbox and backcast-
ing. In practice, the distinction is not always clear. The litera-
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ture makes a distinction between simulation, optimization, and
spreadsheet methods usually only when referring to bottom-up
models, while recent economic top-down models use optimi-
zation and simulation techniques as well. On the other hand,
econometric, macro-economic, and economic equilibrium me-
thods are generally applied only in top-down models, although
there are also some exceptions.

I Econometric models

Econometric methodologies are methodologies that apply sta-
tistical methods to extrapolate past market behaviour into the
future. Nowadays econometric methodologies are mainly used
as parts of macro-economic models. A disadvantage of this
methodology is that it does not represent specific technologies
at all and could not be use for long-term planning.

II. Macro-economic models
The macro-economic methodology focuses on the entire econ-
omy of a society and on the interaction between the sectors
and well known as input-output models. Input-output tables
are used to describe transactions among economic sectors and
assist in analysis of energy-economy interactions in short-term
planning. Input-output models are often developed for explor-
ing purposes, using assumed parameter and scenarios that do
not necessarily have to reflect reality.

Similar to the econometric methodology, the macro-eco-
nomic methodology has the disadvantage that it does not repre-
sent specific technologies.

1. Economic equilibrium models

Economic equilibrium methodologies are mainly used to study
the medium and long-term energy sector as part of the overall
economy and focus on interrelations between the energy sector
and the rest of the economy. Economic equilibrium models are
sometimes also referred to as resource allocation models. Some
energy-economic models consider energy price equilibrium
while balancing supply and demand. Price equilibrium energy-
economic models can further be divided into two categories:
partial and general equilibrium models. Partial equilibrium
models only focus on equilibria in parts of the economy, such
as the equilibrium between energy demand and supply. General
equilibrium models consider simultaneously all the markets in
an economy, allowing for feedback effects between individual
markets.

IV. Optimization models

Optimisation models are used to optimise energy investment
decisions by finding best solutions. Optimisation models assume
perfect markets and optimal consumer behaviour that do not
exist in real life. Utilities or municipalities to derive their opti-
mal investment strategies often use optimization. Furthermore,
in national energy planning, it is used for analyzing the future
of an energy system. Underlying assumption of optimization
methodologies is that all acting agents behave optimal under
given constraints. Disadvantages are that optimization models
require a relatively high level of mathematical knowledge and
that the included processes must be analytically defined. Opti-
mization models often use linear programming techniques.

V. Simulation models
Simulation models are descriptive models based on a logical
representation of a system, and they are aimed at reproducing
a simplified operation of this system. Simulation models are a
“what if” tool, they calculate what would happen under given
assumptions of consumption forecasts and policies. Such mod-
els, however, allow the users to explore different hypotheses via
scenarios, and typically capture the area of interest at a macro-
economic level. These models are used to investigate technologi-
cally oriented measures where macro-economic interactions,
i. e. price effects are less important.

Simulation models are especially helpful in cases where it is
impossible or extremely costly to do experiments on the system
itself. They are often used in scenario analysis.

VL. Spreadsheet models (tool boxes)

In the literature the spreadsheet methodology is often men-
tioned as a separate (bottom-up) methodology. Although the
models all make use of spreadsheets (as the term suggests),
this term may cause some confusion because other method-
ologies also frequently use spreadsheet programs as a basis.
Spreadsheet models are as “tool boxes” which often include a
reference model that can easily be modified according to in-
dividual needs.

VII. Backcasting models

The backcasting methodology is used to construct visions of
desired futures by interviewing experts in the fields and sub-
sequently by looking at which trends are required or need to be
broken to accomplish such futures. This approach is often used
in alternative energy studies [1].

3. CURRENT SITUATION IN ESTONIAN ENERGY

Estonia is a small country where electricity production, mining
and processing of oil shale is a regional economic complex with
their difficulties. Estonia is facing a complex situation in break-
ing up the monopoly and developing a free electricity market.
The strategic objective of the Estonian electricity sector de-
velopment plan until 2015 is to assure the optimal functioning
and development of the Estonian power system in the market
economy conditions and to assure in the long-term outlook the
proper supply of electricity to the consumers at a lowest price
possible, at the same time implementing all reliability and envi-
ronmental conditions. The main engagements and figures of the
electricity sector by year 2015 are followed:

« to achieve 5.1% of electricity production from renewable
energy resources in 2010;

« to achieve 20% of electricity production from electricity
and heat co-generation in 2020;

« to open the Estonian electricity market for 35% in 2009
and for all consumers in 2013.

Today, the Estonian electricity market is open for 13 eligible
customers whose annual consumption is about 16% of energy
in Estonia. Non-eligible customers can purchase electricity from
the grid company they are physically connected to or from the
seller named by that grid company. At present, the electricity
production from renewable energy resources is about 1.5% and
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Table 2. Energy model characteristics

PSR CEETETLS || [4SRG U Optimization models | Simulation models Spreadsheet models

models models
. Short to medium- . .
Timeframe term Medium to long-term Short to long-term Short to long-term Medium to long-term
Level of detail High Low High Partially high Technically specific
System boundaries  Entire economy Entire economy Energy system Energy system Entire economy
Flexibility in terms High, dependent upon . -
of technically Low Low the level of detail of the ngc;‘f)\;orlg)r:tlted High
detailed questions tech. database P Y
Theoretical Historical analy5|s. . Optimization with regard ana”.ly.tECh' Primarily tech. determi-
. of macro-economic Neo-classical R determinism of .
foundation . ; . to tech.-economic criteria nism of energy systems
interaction matrix energy systems
E i .. . .
. .conc.>metr|c Decisions correspond- Technological database Technological
Implementation of estimation of the - ) . R .
. . - ing to nesting and with optimization database, expert Technological database
the modeling interconnections of A -
the matrix elasticities algorithms knowledge

Broad empirical Closed theoretical Applicable to tech. total ~ Also usable without ~ Applicable to tech.sys-

Strengths foundation, sectoral structure sys. Flexible application  targeted entities for tems. Flexible application
disaggregation possibilities optimization possibilities

Economic influences
Small empirical basis, Implicitly rational optimi-  underrepresented,
often low level of  zation decisions, strongly  based considerably
sectoral differentiation  influenced by bounds on the quality of
expert knowledge

Does not represent

specific technolo-

gies. No long-term
planning

For local applicability.
Variables are indicated
exogenously as parame-
ters in future scenarios

Weaknesses

Table 3. Energy planning models and their grouping in the analytical approach

Models Top-down | Bottom-up | Hybrid

1 AIM (Asian-Pacific Integrated Model) X
2 BRUS (Brundtland Scenario) X

3 EFOM (Energy Flow Optimization Model) X

4 ENPEP (Energy and Power Evaluation Program) X

5 GEM-E3 (General equilibrium model) X

6 IMAGE / TIMER (TARGETS-IMAGE Energy Regional Model) X
7 LEAP (Long-range Energy Alternatives Planning) X

8 MARIA (Multiregional Approach for Resources and Industry Allocation model) X

9 MARKAL (MARket ALLocation) X

10 MARKAL-MACRO (A simplified energy-economy model) X
11 MEGEVE-E3ME (General energy-environment-economy mode) X

12 MERGE (Model for Evaluating Regional and Global Effects of GHG Reductions Policies) X
13 MESAP (Modular Energy System Analysis and Planning software) X
14 MESSAGE IIl (Model for Energy Supply Systems Analysis and General Environment) X

15 MIDAS (Multinational Integrated Demand and Supply) X
16 MiniCAM (Mini Climate Assessment Model) X
17 MURE / ODYSSEE (Measures d’Utilisation Rationelle de I'Energie) X

18 NEMS (National Energy Modelling System) X
19 POLES (Prospective Outlook on Long-term Energy Systems) X
20 PowerPlan (Interactive simulation model) X
21 PRIMES (Partial equilibrium model) X
22 RETScreen (Renewable Energy Technology Screening) X
23 SGM (Second Generation Model) X
24 WEM (World Energy Model) X
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Energy sector models

Energy equilibrium Toolbox models Optimization Simulation models Backcasting Macro-economic
models models models models
l | | | | |
ENPEP RETScreen MARKAL LEAP MURE / ODY MEGEVE-E3ME
MICRO-MELODIE MESSAGE POLES SSEE
SGM EFOM PowerPlan
MERGE MARIA BRUS
GEM-E3 MARKAL- IMAGE / TIMER
MiniCAM MACRO MIDAS
WEM AIM
NEMS MESAP
PRIMES

Fig. 1. Energy planning models and their grouping methodology

the electricity production from electricity and heat co-genera-
tion is about 7% of gross consumption.

So, the major investments in electricity production will be:

« peat and biomass CHP-s with the gross capacity of 100 MW
in 2010-2015;

« wind turbines with the gross capacity of 200 MW by the
year 2015;

o the first oil shale CFBC unit with the gross capacity of
270 MW in 2015;

« the second oil shale CFBC unit with the gross capacity of
270 MW in 2016 [2].

4. THE MAIN CHARACTERISTICS AND
COMPARISON OF THE MODELS

As described above, there are several types of models based on
different fundamental approaches and concepts.

Table 2 summarizes the main characteristics of energy mod-
elling approaches, including macro-economic, energy equilibri-
um, optimization, simulation and spreadsheet models [3].

Macro-economic models are less useful because they extrap-
olate the past market behaviour into the future, do not represent
specific technologies and long-term planning possibilities. The
economic equilibrium models are insufficient because the Es-
tonian market economics is relatively new, and changes in the
structure and conditions of its economy are not yet fully formed.

The optimisation models can be useful for Estonia to opti-
mise energy investment decisions by finding best solutions. The
assumption of perfect markets and optimal consumer behav-
iour is suitable for Estonia because a large part of its population
reflect consumer behaviour, have access to modern energy, and
the economy is market-based.

Another option is simulation models which mostly bottom-
up, or hybrid descriptive models which aim at reproducing a sim-
plified task of a system. They tend to be rather useful for Estonia,
because they do neither assume perfect markets nor optimal con-
sumer behaviour, but allow scenario analysis for future pathways.

Finally, toolbox models which are mainly bottom-up ac-
counting type models, having the advantage that they are easy
to use, which increases their usefulness for Estonia where users

do often not have the same financial and training possibilities as
in the other countries. The main disadvantage of toolbox models
is that all important variables are indicated exogenously as para-
meters in future scenarios.

Backcasting models are less useful for this country.

Concerning the mathematical approach, linear program-
ming has a clear advantage in that it allows for simple program-
ming and can easily be understood by planners because no spe-
cial expertise is needed. In this case the problem can be solved in
a straightforward way by using standard algorithms.

In practice, it is not feasible to develop our own models of
energy planning; it is more effective to use existing models. En-
ergy sector models that are widely used across several countries
for carrying out their economic and energy sector planning are
presented in Table 3 and grouped in an analytical approach (top-
down, bottom-up, hybrid).

4.1. The overview of existing energy models

EFOM comprises national dynamic optimization models rep-
resenting the energy producing and consuming sectors in each
region. They optimize the development of these sectors under
given fuel import prices and useful energy demand over a pre-
defined time horizon. The development of national energy sys-
tems can be subject to energy and environment constraints such
as availability of fuel, penetration rates of certain technologies,
emission standards, and emission ceilings. The model databases
contain a wide range of conversion and end-use technologies
such as conventional, renewable energy, efficient fossil fuel
burning, combined heat and power, and energy conservation
technologies in the demand sectors [4].

LEAP is a scenario-based energy-environment modeling
tool. Its scenarios are based on comprehensive accounting of
how energy is consumed, converted and produced in a given
region or economy under a range of alternative assumptions on
population, economic development, technology, price and so on.
LEAP has been used to develop local, national and regional en-
ergy strategies, conduct GHG mitigation assessments, and train
professionals in sustainable energy analysis [5].

MARKAL is a family of bottom-up energy system models
that depicts both supply and demand. MARKAL provides policy
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Table 4. Existing energy planning models and their grouping by the analytical approach and methodology

| Models | Bottom-up | Hybrid | Optimization | Simulation | Toolbox

1 EFOM (Energy Flow Optimization Model) X X

2 LEAP (Long-range Energy Alternatives Planning) X X

3 MARKAL (MARKet ALlocation) X X

4 MESAP (Modular Energy System Analysis and Planning software) X X

5 MESSAGE (Model for Energy Supply Systems Analysis and General Environment) X X

6 MIDAS (Multinational Integrated Demand and Supply) X X

7 PowerPlan (Interactive simulation model) X X

8 RETScreen (Renewable Energy Technology Screening) X X

9 EnergyPlan X X

Table 5. Energy planning models and the main characteristics

Models Developer Home page Geographic Data Default data Time Reference Language
P pag applicability |requirements included horizon materials guag
Detailed descrip- .
European Local, national tion of ener Medium Description in
EFOM P - - " Medium-high P o long- P English
Union regional, global supply and end- term some literature
uses technologies
Database with Manual and English,
Stockholm . . French,
. www.energycom-  Local, national, . costs, performan-  Long- training -
LEAP Environment . R Low-medium L . Spanish,
. munity.org regional ce and emission term materials free
Institute R Portuguese,
factors on web site .
Chinese
IEAVETSAP Detailed descrip-
(Energy .
Technolo Local, national tion of end-uses Long- Manual
MARKAL 9y www.etsap.org ! " Medium-high and (renewable) 9 available to English
System regional, global term .
- energy technolo- registered users
Analysis ies possible
Project) gies p
IER, Stuttgart Local, national Database with Long- Description in
MESAP University, - ! " Low-medium  fuel costs and 9 P English
regional, global o term some literature
Germany emission factors
IIASA
(International
Institute http://www.iiasa.  Local, national Database with  Medium Description free
MESSAGE  for Applied p- T o ' Medium-high  fuel costsand  tolong- ption English
ac.at regional, global oo on web site
Systems emission factors term
Analysis)
Austria
European Local, national Database with Long-  Descriptionin
MIDAS P - o " Low-medium  fuel costs and 9 P English
Union regional, global o term some literature
emission factors
Center for
En'ergy and http://www.fwn. . Database with  Medium  Manual and .
Environmental . Local, national, . . English,
PowerPlan . rug.nl/ivem/soft. . Low-medium  fuel costs and tolong-  demo version
Studies regional - . Dutch
S htm emission factors term  free on web site
University of
Groningen
Extensive de- Manual and
Natural Technolo faults: weather One year trainin
RETScreen Resources www.retscreen.net Local 3 9y ’ in steps of ) 9 Multiple
specific data, products, materials free
Canada one hour .
costs, etc. on web site
Sustainable
PIIE::r:?Xg Database with Primarily Manual and
EnergyPlan Research http://energy.plan. Local, r.latlonal, Low-medium costs, dlstrlb.utlon static tral'nlng English
aau.dk/ regional and emission . materials free
Group at analysis .
factors on web site
Aalborg

University
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makers and planners in the public and private sector with exten-
sive details on energy producing and consuming technologies,
and it can provide an understanding of the interplay between
the macroeconomy and energy use. As a result, this modeling
framework has helped national and local energy planning and
the development of carbon mitigation strategies [6].

MESAP is a modular energy planning package developed
with the specific needs of developing countries in mind. It is de-
signed as a flexible planning package providing energy analysts
and planners with tools to perform complex energy analysis. It
consists of basic techniques for energy planning, a set of tested
energy modules, and data management and processing soft-
ware. At the heart of MESAP is a network-oriented database. Its
objective is to assist in energy and environmental policy analysis
and planning [4].

MESSAGE is generally used for the optimization of energy
supply systems. However, other systems supplying specified de-
mands of goods, which have to be processed before delivery to
the final consumer, could be optimized. The objectives include
resource extraction analysis, estimation of the import / export of
energy, energy conversion analysis, energy transport and distri-
bution analysis, analysis of final energy utilization by consumer,
recommendations for environmental protection and investment
policies, and analysis of opportunity costs [7].

MIDAS is a large-scale energy system planning and forecast-
ing model. It performs dynamic simulation of the energy system,
which is represented by combining engineering process analysis
and econometric formulations. The model is used for scenario
analysis and forecast. MIDAS covers the whole energy system
and ensures, on an annual basis, a consistent and simultaneous
projection of energy demand, supply, pricing and costing so that
the system is in both quantity- and price-dependent balance.
The model output is a time-series of detailed EUROSTAT energy
balance sheets, lists of costs and prices by sector and fuel, and a
set of capacity expansion plans including emission data [8].

PowerPlan is an interactive simulation model with which
the future for the electricity supply system can be planned.
PowerPlan is a so-called forecasting model: given an existing

Macro-

| Bl LEAP: Freedonia

power system and year, an electricity supply system future will
be simulated. It is thus not an optimization model, but a model
from which the consequences of decisions can be evaluated (a
“What-If” model) [9].

The RETScreen International Clean Energy Project Analysis
Software is the leading tool specifically aimed at facilitating the
pre-feasibility and feasibility analysis of energy technologies.
The core of the tool is the standardized and integrated project
analysis software which can be used worldwide to evaluate the
energy production, life-cycle costs and greenhouse gas emission
reductions for various types of proposed energy-efficient and
renewable energy technologies [10].

The EnergyPlan model is a computer model for Energy
Systems Analysis. The main purpose of the model is to assist
in designing national energy planning strategies on the basis
of technical and economic analyses of the consequences of dif-
ferent national energy systems and investments. The model can
be used for different kinds of energy system analyses: technical
analysis, market exchange analysis and feasibility studies [11].

We could test three of the selected models (LEAP, RETScreen
and EnergyPlan) because of their free availability and distribu-
tion in personal and academic projects. The MESSAGE model is
available for users with additional request of entering data, and
it was not considered in this paper. The PowerPlan model has the
only freely available demo version.

The RETScreen and the EnergyPlan models are more useful
for single new energy capacity planning. Also, the RETScreen
model has the possibility of detailed technical equipment se-
lection and the financial indicator calculation. The EnergyPlan
model is more useful for the whole energy sector balance plan-
ning of the country, but as compared with the LEAP model have
no possibilities to input the external assumption information
and data of sectors such as industry, mining, etc. Both models
(RETScreen and EnergyPlan) could be used in the pre-feasibili-
ty study of the new capacity planning projects. The results of the
models give a marginal difference; the models are indicated for
scenarios development and could be useful for comparing the
fundamental technological processes [12].
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For elaborating scenarios of the development of the Estoni-
an energy system in the conditions mentioned above, the LEAP
model was selected as the preferred framework in which the
most essential reasons for selecting were a free use of the model
and training materials, public technical support and discussion,
user-friendly interface. It allows for a transparent arrangement
of the data, various possible scenarios and can be developed
energy system configurations. The main benefit of LEAP is that
it is a tool that helps the user to combine and assess data in a
consistent framework. This makes it easier to organize the data
in an intuitive and accessible manner, and to get a grasp on the
information. LEAP calculation flows and the result reporting are
presented in Fig. 2 [3].

5. RESULTS

We evaluated different types of energy planning models ac-
cording to the main characteristics and found suitable ones for
the Estonian energy sector. The main characteristics of energy
modeling approaches are summarized in Table 2. A wide range
of models were reviewed (Table 3), and we selected nine models
that have the bottom-up or hybrid approach, linear program-
ming and by the methodology are simulation, optimization and
toolbox models. In Table 4, they are grouped by the analytical
approach and methodology. The main characteristics of the se-
lected models are presented in Table 5.

Comparing the freely available energy planning models, the
LEAP model was selected as the preferred framework for elabo-
rating the scenarios of the Estonian energy system development.
The RETScreen and the EnergyPlan energy models are more
useful for single new energy capacity planning. The EnergyPlan
model is also used for the whole energy sector balance planning
of a country, but has low input data for calculation in different
sectors of the country, such as industry, mining, etc. compared
with the LEAP model.

6. CONCLUSIONS

The paper presents an analysis of energy planning models and
the results of investigating the adaptability of energy planning
models for the Estonian energy system in the conditions of oil-
shale-based electricity supply shortage, taking into account the
main engagements and figures of the electricity sector by year
2015.

The description of the main characteristic of the models and
their comparison are presented. The different types of existing
energy planning models are reviewed, and nine models were se-
lected for a more detailed analysis.

Analysis of the adaptability the freely available models is
given, and the Long-range Energy Alternatives Planning (LEAP)
as the preferred model selected to elaborate the scenarios of de-
veloping the Estonian energy system and mitigating the envi-
ronmental impacts of electricity production by using new, less
environment-damaging technologies are presented.
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ENERGETIKOS MODELIYU CHARAKTERISTIKU
ANALIZE IR JU TAIKYMAS ESTIJOS ENERGETIKOS
RINKAI

Santrauka

Pastaraisiais metais sukurta daug modeliy, skirty energetinés sistemos
analizei, jskaitant poreikiy prognozes, tiekimo prognozes ir politikos
kaitos poveikius energetinei sistemai. Sie modeliai pagristi skirtingo-
mis fundamentaliomis teorijomis, koncepcijomis, apima daug matema-
tiniy algoritmy ir yra labai skirtingi. Kyla klausimas, kurj i§ modeliy
tinkamiausia taikyti.

Estija yra vienintelé Europoje $alis, turinti svarbia skaliny pramone.
Estijoje 95 % elektros energijos yra pagaminama skaltiny elektrinése.
Dél griezty aplinkosaugos reikalavimy iSkyla grésmé ateities elektros
tiekimui i§ skaliiny elektros jégainiy.

Pateikiamas vykdomas mokslinis projektas, kurio tikslas — anali-
zuoti energijos planavimo modelius, skirtus Estijos energetinés siste-
mos plétros scenarijams detalizuoti esant skalany elektriniy tiekiamos
elektros trakumui, atsizvelgiant j pagrindinius energetikos sektoriaus
duomenis iki 2015 mety.

Raktazodziai: energetikos planavimas, modeliavimas, vartojimas,
paklausa, prognozés, optimizavimas, ekonominé pusiausvyra
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Hapexpna JJlementbeBa, Auapec Cunppe

AHAJIV3 SHEPTETMYECKUX MOJIEJIEN
N UX TIPUMEHEHMUE /11 9CTOHCKOTO
OHEPTETUYECKOI'O PBIHKA

Pesome

B mocrepnme roppl pazpaboTaHo 60/bloe KOMMIecTBO MOJNeit s
QHA/IN3a IHEPreTNYECKIX CHCTeM, BK/IIOUAs IPOTHO3BI IIOTPeOIeH s 1
CHab)KeHNs, a TAKKe BIVAHMA HOMUTIYECKIX M3MEHEHMIT Ha 0011yio
SHEPTeTIYEeCKYI0 CUCcTeMy. JHepreTIIecKyie MOJe/ OCHOBAHbI Ha pas-
HbIX YH/aMeHTa/bHbIX TIOAXOfJaX U KOHIICIILVAX, B HUX UCIIONb3YeT-
CA MBIl PAR MaTeMaTudecknx anroputMos. Iloatomy atu Mopenn
3HAUNMTEIBHO PA3/MIYaloTCs, M BO3HMKAET BONIPOC, KaKasg MOJIeNb Hall-
6oee IPUTOTHA [I7IA OTIPEIEICHHO 1Ie/N MV CUTYaIVN.

OCTOHMA ABMAETCA eNMHCTBEHHOI cTpaHoil B EBpome, koTopas
JIMeeT CNIAHIeA00BIBAIOLIYI0 TIPOMBIIIIEHHOCTD. 37iech 95 % 3/IeKTpoa-
Hepriyl MPOU3BOIUTCA Ha MEKTPOCTAHINSX, PAOOTAIOMINX HA CIAHIIE.
Crpanbl banTum mepe)XxnBarT CT0KHYIO CUTYAINIO Pa3pyIIeHIA MOHO-

TI0/TMU U1 CO3JAHUA CBO60):[HOI‘0 PBIHKA 3TIEKTPOIHEPTNI B COOTBETCTBUN
¢ poroBopenHoctsamu ¢ Eepomnesickum Coro3om. Kpome Toro, dctonnsa
HaXOJUTCA B IIEPEXOAHOM IIEPMOE PAa3BUTIA CIAHLEBOIO SHEPTEeTIYIE-
CKOTO cekTopa. TeHpeHIMM T1bepau3alyyt 1 MI3MEHEHNUA B 3CTOHCKOM
9HEPreTUYECKOM DPBIHKE, CBA3AHHDBIEC C JKECTKVMMN TEXHOTOIMYIECKUMU
¥ aKosorndeckuMu tpebosanuaMu Eppomeiickoro Coio3a, IPUBOJAT K
BO3HMKHOBEHNIO HEOOXOAMMOCTY Pa3pabOTKII HOBBIX ClieHapyeB pas-
BUTUA JHEPTETIIECKOT0 CEKTOPA ICTOHNU C YMEHDbUIEHNEM BOS)ICﬁCTBI/IH
Ha OKPY’KaIOIYI0 Cpefly IIPOU3BOJCTBA 3NIEKTPOIHEPIUI I MICIIONTb30BA-
HIEM HOBBIX, MEHEE BPEIHDIX, TEXHO/IOTUI. JTa CTaThs TIpENnCTaBIAeT
TEKYIUII HAYYHO-JCCTIE0BATeIbCKIIL IPOEKT, Lie/Ib KOTOPOTO — aHajn3
MOierielt SHEPIeTUYEeCKOro IIAHMPOBAHIA JIA pa3paboTKy CLieHapueB
PAa3BUTIST HCTOHCKOIT SHEPreTNYECKOI CUCTEMBI B YCIOBISAX fieuImTa
57IEKTPOSHEPINH, OCHOBAHHOJ Ha C/IaHIlE, C Y4ETOM OCHOBHBIX 00:3a-
TeIbCTB U Lie/ieli 3TeKTPOIHEPTEeTUIECKOro ceKTopa K 2015 rogy.

KnroueBble coBa: sHepreTIecKoe IaHUPOBaHye, MOLEIMPOBa-
HIIe, SHepreTuyeckas Mofie/b, IOTpebIeHNe, Cpoc, IPOTHO3, ONTUMU-
3a11151, 9KOHOMUYECKOE PAaBHOBECHE, CUMYTIALMSA
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OPTIMIZATION OF NARVA DISTRICT HEATING
NETWORK AND ANALYSISOF COMPETITIVENESS
OF OIL SHALE CHP BUILDING IN NARVA

A. HLEBNIKOV', N. DEMENTIJEVA, A. SIIRDE

Department of Thermal Engineering,
Tallinn University of Technology,
116 Kopli St., 11712 Tallinn, Estonia

AS Narva Elektrijaamad owns two the world’s largest oil shale-fired power
plants — Balti Elektrijaam (Balti Power Plant) and Eesti Elektrijaam (Eesti
Power Plant). The new fluidized-bed energy block No. 11 of Balti Power
Plant is operated in cogeneration mode to provide the district-heating system
of Narva. The energy market prices of heat for all consumer groups have
increased significantly. High heat losses and poor technical condition of the
old district-heating networks decrease the future of centralized heating, and
consumers make choice in favor of local heating. High heat losses of Narva
district heating are caused by poor thermal insulation and over-dimensioning
of pipes. Objective estimation of actual conditions of district-heating net-
works and technical-economical argumentation for renovation and expansion
of networks should be carried out to increase the share of heat production
based on CHP and to decrease fuel consumption. For minimization of heat
distribution expenses DH network should be optimized. The opportunities of
building heat supply alternatives in Narva are also investigated. Four
scenarios of heat supply alternatives were analyzed using energy planning
models.

I ntroduction

At building, capacity of combined heat and power plants (CHP) follows
basically from thermal loading. The new fluidized-bed energy block No. 11
of Balti Power Plant is operated in cogeneration mode to provide the district-
heating system of Narva.

Poor condition of district-heating (DH) networks and unreliable heat
supply can decrease the future of district heating, and consumers have to
make choice for different heat supply alternative. Often the decentralized
heating is no effective solution for regional heat supply strategy decreasing

* Corresponding author: e-mail ahleb@sti.ttu.ce
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the potential of combined heat and power production. Objective estimation
of actual conditions in DH networks and technical-economical argumenta-
tion for their renovation and expansion should be carried out to increase the
share of heat production based on CHP and decrease fuel consumption. For
decreasing the heat distribution cost, DH networks should be optimized.

Main characteristic parameters of the DH network of Narva city and their
difference from the optimal values are estimated and compared with the
typical Swedish networks [1]. The current comparison gives an example for
economic optimization of Narva old unoptimized district-heating network.
The purpose of optimization is to get minimal costs of heat distribution. The
potential for increasing the efficiency of Narva DH network was established.

For analysis of competitiveness of oil shale CHP the opportunities of
building heat supply alternatives in Narva also are investigated. Four
scenarios of heat supply alternatives were analyzed using two energy-
planning models. The economical reasonability of building new units near
Narva city is given.

M ethodology
Method of estimation of DH networks

The major characteristic parameter for estimating the efficiency of the DH
networks is heat loss factor g The heat loss factor is a ratio of the heat loss
to the quantity of heat supplied to the DH network. The heat loss factor does
not depend only on the efficiency of pipe insulation. It depends on the
following parameters:

— The overall heat transfer coefficient K, in W/(mz-K), which charac-
terizes the efficiency of pipe insulation;

— The specific surface area of the distribution pipes A/L, in m*/m, which
characterizes the average size of the district heating pipes;

— The degree-hour number J@dr, in °C-h, which indicates the level of
water distribution temperature relative to the annual average of the out-
door temperature;

— The specific heat supply Q/L, in MWh/m, which characterizes the
concentration of the district heating demand.

Where

A — surface area of the distribution pipes, m’;

L — pipes’ length, m;

O —difference between water average temperature and outdoor temperature,
OC;

7— duration of difference between average and outdoor temperatures of
water, h;

Q —annual quantity of the heat supplied to the district-heating network,
MWh.

The overall heat transfer coefficient can be calculated on the basis of

design data of the district networks or estimated from the heat loss measure-
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ments. In the present work the overall heat transfer coefficient is calculated
on the basis of the annual heat losses. The annual heat losses are calculated
as the difference between the heat supplied to the DH network and the heat
measured at the consumers.

The heat loss factor is given by

_0, _Kfedr ¢ D fodr

q —Hy H 5 (l)
"o 0 ©D
where Oy — the annual distribution heat loss, MWh.
The overall heat transfer coefficient K, is given by
- Dy 2
K, =———F——=, W/(m™K). 2)
(4/Hfedr
(Q/L)
The average diameter of the district heating pipes d, is given by:
d,= A/L , m. 3)
2T

For analyzing the efficiency of the DH network, heat loss factor can be
divided into two parts: the overall heat transfer coefficient and the distribu-
tion parameter. The distribution parameter is given by

_M_(A/L)Ejé’dr
o = """/

o

, (m*K)/W. 4)

The question how to select the optimal diameter of pipes in which a fluid
is transported represents a classical optimization problem [2-4]. Figure 1
shows qualitatively how an economic optimum can be found for the dia-
meter of the district-heating pipe. Total cost is the sum of costs for pipeline
installation, for heat losses, and for pumping power. Of these three cost
elements, the costs of pipeline installation and heat losses increase strongly
with diameter, while the pumping power drops rapidly (K,umping ~D,’) with
diameter increasing.

Optimization of this kind usually assumes that the flow rate is constant
when the diameter is varied. This method was developed to be as simple as
possible yet complete and accurate enough for design calculations.

Dynamic simulation models of DH networks today are also very popular.
One type of the mathematical model involves a full physical modeling of the
network [6] and in the other type of model DH network is replaced by a
simplified one [7].

Water velocities and friction losses in pipes of Estonian old DH
networks, as a rule, are much lower than their optimum values. This situation
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Fig. 1. Economic optimization of pipe diameter.

exists because old networks were designed for a much bigger load taking
into account growing potential. In the present time the heat load of
consumers is 15-30% less than designed (in some cases up to 2 times less).

Pumping costs in old networks with overdimensioned pipes are much less
than in new optimized networks. At the same time heat losses in old net-
works with overdimensioned and badly insulated pipes are many times
higher. The saving in heat losses gives a great increase in the total DH
distribution cost.

As a rule of thumb, many DH networks in Denmark and in other
European countries have been designed by applying a friction loss of
100 Pa/m [2, 4]. Estonian old networks are designed also by applying similar
friction loss of about ~80 Pa/m [8], but real friction losses are much less.
This situation exists because old networks were designed for a much bigger
load taking into account growing potential.

Analysis of heat energy supply alternatives

Heat energy supply alternatives in Narva city were modelled to investigate
the feasibility and economical reasonability of the use of oil shale condens-
ing extraction turbine block comparing with the other alternatives, such as
biomass CHP, natural gas CHP and boilerhouse. The CHP usage could
increase the share of heat produced by CHP and decrease fuel consumption.
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Modeling is one of complicated forecasting methods. Mathematical
modeling means the description of economical vision by using mathematical
formulas, equations and inequalities. Models become often useful when
analyzing complex systems with large amount of data. The most popular tool
for new capacity planning is energy planning models, where using
comparatively low input data could get reliable results.

Models are built for various purposes and consequently have different
characteristics and applications. The energy models could be classified as
follows: by purposes of energy models (general and specific), the model
structure (internal and external assumptions) and the analytical approach
(top-down, bottom-up, hybrid), by the methodology, the mathematical
approach (linear, mixed-integer and dynamic), geographical coverage,
sectoral coverage, the time horizon and data requirements [9].

In recent years, the total number of available energy models has grown
extremely because of the expanding computer possibilities. The main
modeling problem has been the lack of baseline data or inexact input data, and
the model’s results are used in the case of reliable and accurate baseline data.
For investigation of the opportunities of new heat energy supply alternatives in
Narva two energy planning models, EnergyPlan and RETScreen® Inter-
national models, were reviewed. These models were analysed and the
scenarios were calculated for comparing the difference between the results of
two chosen models and finding out whether the results are reliable.

The EnergyPlan model is a computer model for energy system analysis.
The main purpose of the model is to assist the design of national energy
planning strategies on the basis of technical and economic analyses of the
consequences of different national energy systems and investments. The
model can be used for different kinds of energy system analyses: technical
analysis, market exchange analysis and feasibility studies. The EnergyPlan
model consists of the following overall structure components: Front page,
Input, Cost, Regulation, Output and Settings. Inputs defined by the user are
presented in three sections: Input, Cost, and Regulation [10].

RETScreen® International is a clean energy awareness, decision-support
and capacity building tool. The core of the tool consists of a standardized
and integrated clean energy project analysis software that can be used
worldwide to evaluate the energy production, life-cycle costs and green-
house gas emission reductions for various types of energy efficient and
renewable energy technologies. Five steps of the standard project analysis of
RETScreen flow charts are Energy Model, Cost Analysis, Greenhouse Gas
Analysis, Financial Summary and Sensitivity & Risk Analysis.

High-quality but low-cost pre-feasibility and feasibility studies are critical
to helping the project proponent “screen out” projects that do not make
financial sense, as well as to helping focus development and engineering
efforts prior to construction. Each step of this process could represent an
increase of one order in expenditures and a halving of the uncertainty in the
project cost-estimate. This is illustrated in Fig. 2, where the level of un-
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certainty in estimates decreases from £50% to 0%, while the energy project
implementation process is progressing from the pre-feasibility to the
commissioning stages [11].
Using these two models four scenarios (pre-feasibility studies) of build-
ing new capacity in Narva were generated and analyzed:
— Scenario 1: Oil shale CHP unit at Balti PP.
— Scenario 2: CHP unit, where the main fuel is natural gas.
— Scenario 3: Boilerhouse, where the main fuel is natural gas.
— Scenario 4: Biomass/Peat CHP unit.

First, the selection of scenarios was based on local oil shale availability
from this region where oil shale-based Narva Power Plant works, and second
on the possibility to compare cogeneration technology and boilerhouse
economy.

The annual heat energy demand in Narva is about 475 GWh. Expected
thermal capacity of units is about 170-175 MW and electrical capacity about
60-65 MW. The annual electricity production at units in the case of
Scenarios 1, 2 and 3 would be approximately 160 GWh. The main input data
for these analyses are the production of electricity and heat, fuel types, fuel
costs, efficiency of processes and the investments of projects according to
the available data. The investment and other costs are informative and
needed further research for more accurate analysis. Also the existing library
of distribution data of Nord Pool electricity prices in 2006 in the EnergyPlan
model was used. For all four scenarios the primary energy consumption, CO,
emissions and production price were calculated and compared.

Using RETScreen Software in the Financial Summary worksheet it is
possible to calculate several financial feasibility indicators such as internal
rate of return IRR, the net present value (NPV) and simple payback of the
projects.

The internal rate of return IRR is the discount rate that causes the NPV of
the project to be zero. It is calculated by solving the following formula for
IRR:

N

0=2 SRRy

—(1+ IRR)” ’ ©)

where N is the project life in years and C, — the cash flow for the year n.

The net present value NPV of a project is the value of all future cash
flows, discounted at the discount rate, in today’s currency. It is calculated by
discounting all cash flows as given in the following formula:

e
NPV =% —1 | 6
,;(Hr)” ©

where C, is the after-tax cash flow, r — the discount rate.

The simple payback SP is the number of years it takes for the cash flow
(excluding debt payments) to equal the total investment, which is equal to
the sum of the debt and equity:
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. C-1G )
(C +Ccapa +CRE +CGHC) _(COHM +Cfuel) ’

ener

where C is the total initial cost of the project, /G — the incentives and grants,
C,r — the annual energy savings or income, C,,,, — the annual capacity
savings or income, Cp. — the annual renewable energy production credit
income, Cg,~ — the GHG reduction income, C,,,, — the yearly operation
and maintenance costs incurred by the clean energy project, C,,, — the

annual cost of fuel or electricity [11].

Results

* The relative heat losses in the Narva old network are about 18-19%. In
Swedish typical networks relative heat losses are 7-9%, and there is the
similar heat demand concentration than in Narva: 5-7 MWh/m, but
much better heat insulation of pipes: overall heat transfer coefficient is
0.9-1.1 W/(m’K) (in Narva 1.8-2.0 W/(m°K)), more than two times less
than in Narva network. Efficiency of heat insulation for Narva network,
which is estimated by the overall heat transfer coefficient, is about three
times less than the same value for the ordinary Swedish networks. Total
overall heat transfer coefficients before and after prospective optimiza-
tion for Narva DH network are presented in Fig. 3.

3.5 - # Preinsulated pipe
M Kesklinna SVR
3 N Mustamée SVR
§ Lasnamie SVR
25 <& < Lokaalvorkude SVR
P @ ordinary Swedish networks
NM O Tallinna Kiite
& 21 > n X Narva old network
§ s % j + Narva optimized network
1 &
0.5
O T T T T T T T

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

d,i., m

pipe>

Fig. 3. Total overall heat transfer coefficient before and after prospective optimiza-
tion for Tallinn and Narva district heating networks.
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*  After optimal selection of network pipes’ diameters (new optimal average
diameter will be 0.198 m), according to consumers real heat demand and
total renovation of pipes (replacing by the preinsulated pipes), relative
heat losses drastically decrease. Relative heat losses, for example in Narva
network decrease from 17-18% to 7-8%. As we can see, decreasing
potential of heat losses is very big. After optimization and total renovation
of old networks, heat losses can decrease up to three times. Recently, a
considerable tendency for reduction of the overall heat transfer coefficient
in the DH networks in Narva was observed (from 2.3 W/(m’K) to
1.8-2.0 W/(m°K)). This reduction is caused by replacement of old
thermal insulation of DH network sections with new one (main pipelines
TM1 and TM2 in 2003-2005). Several “wet” sections of the network can
significantly increase the value of the heat transfer coefficient. Replace-
ment of these sections will significantly decrease the overall heat transfer
coefficient. Table 1 presents the major characteristic parameters found for
Narva old unoptimized DH network. For the observed network also
optimization calculations were done, and it was determined, how much
these values would improve.

* The calculations made in the EnergyPlan and RETScreen model and
their results are presented in simplified tables (Tables2,3), and
comparison of the results of two energy planning models is presented in
Table 4. The simplified tables use the relative information about fuel,
investments, primary energy and production prices considering that in
the case of changes in fuel and investment costs the price relations will
be same. The production prices include the electricity and heat energy
production prices and could be put together because of the same
combined power plant total output. Generally, the RETScreen model
uses a hybrid method for calculation the heat and electrical energy price,
where variable costs are shared: fuel, electricity and environmental
charges in accordance with the physical method as well as fixed costs in
accordance with heat and electricity production. The electricity price
could be the input parameter as well. The Energy Plan model uses the
existing library of electricity and heat prices. In this case the existing
library of distribution data of Nord Pool electricity prices in 2006 was
used.

* The difference between the results of EnergyPlan and RETScreen
models for production price is approximately 5% in Scenarios 1, 2 and 4,
primary energy consumption per production for all scenarios is about
4%, and for CO, emissions in Scenarios 1, 2 and 3 is 4.3% (see Table 4).
The higher production price in Table 3 compared with the results of
Table 2 at the same investment and with better use of primary energy is
explained by more accuracy and the difference in the characteristics of
the equipment of the second model (RETScreen). In this analysis the
investment and other costs are informative and need further research for
a more accurate analysis.
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Table 2. Results of applying EnergyPlan model

EnergyPlan Fuel, | Investments, |Production| Primary energy CO,
ke/MWh | mln.kr/MW price, consumption per |emission,
kr/MWh production, Mt
GWh/GWh
1. Scenario 54 1.3 1080 1.42 0.33
(Oil shale unit at Balti
PP)
2. Scenario 305 1.0 1165 1.19 0.15
(CHP — main fuel is nat.
gas)
3. Scenario 305 0.5 665 0.85 0.11
(Boilerhouse — main
fuel is nat. gas)
4. Scenario 62 1.0 861 1.23 0.00
(Biomass/Peat CHP)

Table 3. Results of applying RET Screen model

RETScreen Fuel, | Investments, |Production| Primary energy CO,
ke/MWh | mln.kt/MW price, | consumption per |emission,
kr/MWh production, Mt
GWh/GWh
1. Scenario 54 1.3 1255 1.39 0.32
(Oil shale unit at Balti
PP)
2. Scenario 305 1.0 1177 1.15 0.15
(CHP — main fuel is nat.
gas)
3. Scenario 305 0.5 665 0.81 0.10
(Boilerhouse — main
fuel is nat. gas)
4. Scenario 62 1.0 870 1.18 0.00
(Biomass/Peat CHP)

Table 4. Results of comparing EnergyPlan and RET Screen models

EnergyPlan vs. RETScreen | Production price, Primary energy CO, emission,
kr/MWh consumption per Mt
production, GWh/GWh

1. Scenario -175 | -14.0% 0.03 2.0% 0.01 |3.7%
(Oil shale unit at Balti PP)

2. Scenario -12 -1.1% 0.04 3.3% 0.01 |3.5%
(CHP — main fuel is nat.gas)

3. Scenario 0 - 0.04 4.4% 0.01 |5.6%
(Boilerhouse — main fuel is
nat.gas)

4. Scenario -9 -1.1% 0.05 4.2% 0.00 -
(Biomass/Peat CHP)
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* The RETScreen energy model has more detailed input requirements for
new energy capacity planning and therefore it could be more useful for
such kind of analyses. Also the RETScreen model has the possibility of
detailed selection of technical equipment and calculation of financial
indicators. The EnergyPlan model is more useful for planning the energy
balance for the whole country and for the new capacities while it does
not enable to calculate the financial feasibility indicators and payback of
the project. However, both of the models could be equally used for the
pre-feasibility study of new capacity planning projects. The differences
in the results of reviewed models are marginal, the models are indicative
of scenarios’ development and could be useful for comparing the
fundamental technological processes. One of the advantages of using
these models is that they allow to get reliable results using comparatively
low input data.

* According to the pre-feasibility study, using given input data all of
scenarios have positive NPV, IRR and could be applicable for a more
detail analysis. For further analysis the additional research of input data
is needed. The most attractive scenario is Scenario 4 with building
biomass/peat CHP; simple payback is about 7 years. The building of
CHP or boilerhouse (Scenario 2, 3) using natural gas could be under
consideration, because of the high cost of fuel, despite of less initial
investment costs of the project in Scenario 3 the payback is 11 years.
The payback of Scenario 2 is 13 years. The usage of oil shale as the
main fuel of unit in Scenario 1, where payback period is 9 years, could
be competitive and has obvious advantages: availability of the local fuel
and stable supply, the possibility to generate electricity additionally, the
location of new unit in the existing power plant. The results of the
financial feasibility indicators are presented in Fig. 4.

250,000 25%
.. 200,000 + +20% _
= 150,000 | 129%] 15y, %
2 100,000 - 0.3% 0.0° . 335 1 109,
’ °
Z 50,000 4 13,874 520 23,995 .;7 50,
() — - - - } L 0%
§ E A é ] ) §
2E o 5 5239 5 5~
EZE fE5 £225 53&
8= E SEH 328 SEOC
G€% S8 “EFs8& U8
e - g «a@E <@
@) o]
e =
S

I NPV, kr ==g==|RR %

Fig. 4. Financial indicators.
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Conclusions

This paper presents the estimation of actual conditions of Narva district
heating networks, technical-economical argumentation for renovation of
district-heating networks and the results of four scenarios modeling heat
supply alternatives in Narva using energy-planning models.

After optimization and total renovation of old networks, heat losses can
decrease up to three times. The major characteristic parameters for Narva
district-heating network before and after prospective optimization are pre-
sented, and comparison with ordinary Swedish networks is given.

Modeling of heat energy supply alternatives in Narva is analyzed to
compare the economy of oil shale condensing extraction turbine block usage
with biomass CHP, natural gas CHP and boilerhouse. The results of
reviewed models differ marginally depending on the difference in the
characteristics of the equipment of the models. The models are indicative for
scenarios’ development and could be useful for comparing the fundamental
technological processes. The advantage of using these models is that they
allow to get reliable results using comparatively low input data. The
financial analysis shows the competitiveness and the advantages of using the
oil shale CHP.
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Abstract

The trend of liberalization and changes in the
Estonian energy market, related to the
European Union's strict technological and

environmental requirements, give rise to the
need to develop the modeling of new scenarios
for the energy sector in Estonia by mitigating
the environmental impacts of electricity
production and using new, less environment-
damaging technology. The easiest way to
develop scenarios is to use energy planning
modeling.

Modeling is one of the complicated forecasting
methods. In recent years, a large number of
energy planning models have been developed.
They vary considerably and the question arises
which model is the most suited for a certain
purpose or situation.

The current paper presents the one part of
carried out study under the PhD thesis done at
Tallinn Technical University in thBepartment

of Thermal Engineering. The objectives of the
study were analysis and evaluation of the
existing energy models in the world;
development of the selection criteria and
selection of the several energy models for the
analysis of the energy market in Estonia;
practical testing of the applicability of the
selected models to Estonia.

The first part of this paper gives an overview of
the current energy supply in Estonia and future
changes of the Estonian energy production
system related to the restrictions in technology

and environment. The second one presents the

result of testing of LEAP model that was using
for the elaboration the scenarios of the Estonian
energy system's development.

Keywords
Keywords: energy planning model, electricity

market, LEAP, reference energy system,
liberalization, energy demand, electricity
production.

Pe3rome

Tennenus Jm6epanmau141/1 U HU3MCHCHHUA B
9CTOHCKOM SHEPIreTUYCCKOM PBIHKC, CBA3aHHBIC

C AKECTKUMHU TEXHOJOTMYECKUMHU u
9KOJIOTHUECKUMHU TpeOOBaHUSIMHU
EBponeiickoro Coro3a, MIPUBOJST K

BO3HHWKHOBCHUIO H606XOI[I/IMOCTI/I p33pa6OTKI/I
HOBBIX CIHCHAPUCB Pa3BUTHA SHCPIreTUYCCKOI'O

cCeKTopa  OCTOHHUH C  yMEHbIICHHUEM
BO3JCHCTBHUS Ha OKPY>KaIOLIYIO cpeny
MPOU3BOACTBA 3JIEKTPO3HEPTUU n
HACOOJBb30BAHUE  HOBBIX, MEHEE  BPEIHBIX
texHonoruii. Camplii TPOCTON Cmocod s
pa3paboTku CLICHApHEB SIBISCTCS
HCHOJIb30BaHNE MOJICTUPOBAHHUS

HHEPTEeTUYECKOTO TUIAHMPOBAHUS.
MonenupoBaHue SIBISCTCS OJHUM U3 CIOKHBIX
METOZOB MPOTHO3WpOBaHWSA. B mociemHue
rogpl  OOJBIIOE  KOJMUYECTBO  MOAETCH
HEPIreTUYECKOro IUTAHUPOBAHUS ObLIN
pa3paboTaHbl. Monenu SHEPreTUYECKOoe
IUIAHUPOBAHUS 3HAYUTENIBHO OTIMYANOTCS U
BCTa€T BONPOC O BbIOOpe Moaenw Juis
OIpEICIICHHOM LIEIH WIIN CUTYalluH.

Texymiast cTaTesi MNpeJCTaBIseT COOOH OIHY
4acTh MPOBEACHHBIX HCCIEIOBAaHUN B paMKax

JUCCepTaIyH, IMOATOTOBJIEHHOM B
Tannuaackom TexHnyeckoM YHuUBepcUTeTE Ha
tbakynbTeTe TEIJI0HEPTETHKH. 3amaun

IMCCEpTAlli  SIBISIIOTCS  aHAJM3 M OICHKA
CYIIECTBYIOINX MOJENIEH SHEPreTUKU B MHPE,
pa3paboTka KpUTEpHEB OTOOpa H  BBIOOD



HECKOJIbKO MOJEJIeH DHEPreTHKH AJisl aHaIu3a
JHEPreTUUECKOro  pblHKAa B OCTOHMHU,
IpakTU4eckas  IMpoBepKa  NPUMEHHUMOCTHU
BLIOpaHHBIX MOjIeNeH 151 DCTOHUH.

IlepBas  wacTth  cTaTh  JaeTr  0030p
COBPEMEHHOI'0 3HEProcHabXkeHus B DCTOHUU U
Oyayumx W3MEHEHU N B OCTOHCKOM
JHEPrOCUCTEME, CBSA3aHHBIE C OTPaHUYEHHUSIMU
B 00JIaCTH TEXHOJIOTHUHM M OKpY’KaloIIel cpe/bl
Bropast wacTte mpencraBisier coOOW pe3ynbTaT
tectupoBanusi LEAP  wmogpenu,  koTopas
UCMOJIb30BaNach JUIsl pa3paboTKH CLEHApHEB
pa3BUTHS DCTOHCKOHW YHEPTOCUCTEMBI.
KiroueBble ciioBa

Mogens  3HEPreTMYecKoro  IUIaHMPOBAHUS,
PBIHOK ANEKTPOIHEPTHUH, LEAP,
JHEprocucTema, Jubepanusanus, NoTpedieHue
SHEPIUH, IPOU3BOJICTBO AIEKTPOIHEPTUH.

INTRODUCTION
Energy is an essential part of the social and
economic development of any country and
nation. Due to increasing awareness of the
environmental impact of energy production, the
goal of national energy policies is not only to
guarantee a secure and cost-effective energy
supply, but also to minimize the harmful side
effects and, eventually, develop a sustainable
energy system.
The trend of liberalization and changes in the
Estonian energy market, related to the
European Union's strict technological and
environmental requirements, give rise to the
need to develop the modeling of new scenarios
for the energy sector in Estonia by mitigating
the environmental impacts of electricity
production and using new, less environment-
damaging technology. The easiest way to
develop scenarios is to use energy planning
modeling. Instead of developing a hew model,
the existing ones can be used, but the key
question is to decide which model should be
used. Energy models are based on different
fundamental approaches and concepts, and
employ a range of mathematical algorithms.
In order to decide which model is better to use,
it was explained the model characteristics,
structures, data and modelling methods in the
previous papejrl].

As a part of the work, there were presented the
different scenarios of Estonian energy system
development in the conditions of oil shale-

based electricity supply shortage, taking into
account the main engagements and figures of
electricity sector by year 2020. The aim of this

paper is to a simplified model of Estonian

energy system with a transparent structure. The
purpose of the model is to demonstrate the
usage of the model's features in connection
with the Estonian electricity system.

2. CURRENT ENERGY SUPPLY
ESTONIA
Today more than 90% of Estonian electricity
demand is covered by local oil shale power
plants. The most significant of them are the
Eesti Power Plant with installed electrical
capacity 1 615 MW and thermal capacity 84
MW and the Balti Power Plant with installed
electrical capacity 765 MW and thermal
capacity 400 MW. The main achievement of
late years is introduction of a new technology
of oil shale combustion in the circulating
fluidized bed at Unit 8 of the Eesti Power Plant
and Unit 11 of the Balti Power Plant.
Application of the new technology has enabled
improvement of the operational efficiency as
well as considerably decreased the amount of
hazardous emissions.
Iru Power Plant, the biggest producer of
thermal power and the third biggest producer of
electrical power in Estonia with electrical
capacity 190 MW and heat capacity is 648 MW
(398 MW in co-generation mode). The main
fuel of Iru Power Plant is natural gas. AS
Kohtla-Jarve Soojus (Kohtla-Jarve District
Heating Network) uses also oil shale and its
electrical capacity 30 MW and thermal capacity
is 138 MW. Power plants using renewable
energy, such as Virtsu wind turbine, Linnamae
and Keila-Joa hydroelectric plants, produced
1.2% of the annual electrical energy production
in 2007 [2].
The total electricity and heat production in
Estonia by energy sources in 2008 are
presented in Figure 1 and 2 [3].

IN



B Oil shale 93.6%
@ Natural gas  2.8%
O Oil shale gas 1.9%
ORenewable 1.2%
B Peat
@ Other
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Figure 1. Total electricity generation by energy
sources in 2008.

@ Natural gas  39.8%
B Oil shale 34.6%
O Oil shale gas 15.0%
ORenewable  6.2%
B Peat 3.8%
@ Other 0.6%

Figure 2. Total heat generation by energy
sources in 2008.

2.1 Estonian electricity market

The market structure has similarities to
Scandinavian model with the System
responsibility given to the transmission system

operator.
The Estonian electricity market has a
monopolistic market where one energy

enterprise (Eesti Energia AS) dominates. Its
prices are under state regulation, but it is
dictating conditions and connection fees to
small producers for access to its network. The
Estonian domestic market is divided into three
categories, sales to the open market, sales to the
closed market and external sales to network
operators.

In 2008 the total net generation from all power
plants in Estonia was 9 498 GWh, a decrease of
1 456 GWh over the year or 13 % compared to
the year 2007 [3]. The total electricity
consumption in Estonia was 7 836 GWh, a
decrease of 97 GWh over the year or 1 %
compared to the year 2007. The Estonian

electricity net generation and consumption by
months in 2008 is presented in Figure 3 [4].

Figure 3. Estonian electricity net generation and
consumption by months in 2008.

According to the European Union requirements
the Estonian electricity market must be opened
on 35% by the end of 2009 and fully opened by
the year 2013. Today Estonian electricity
market has been open for eligible customers
whose annual consumption exceeds 40 GWh
since 1999. These consumers have a right to
purchase electricity from any producer or seller
in the market and an obligation to pay for
network services. At present there are 13
eligible costumers in the system, they consume
about 16 % of energy in Estonia. Non-eligible
customers can purchase their electricity from
the grid company they are physically connected
to or from the seller named by that grid
company. Grid companies and sellers selling
energy to non-eligible customers can purchase
that energy from power plants using oil-shale
mines in Estonia as the primary energy source
or from small producers with capacities less
than 10 MW.

Liberalization of electricity market or opening
of electricity production and sales for
competition will raise system’s efficiency and
quality of services in Estonia, but considering
the small size of Estonian electricity market, the
complication of power system control, shortage
of generation capacity, costs of operating the
market, volatile prices and possible lowering of
supply security and reliability due to
insufficient investments in the whole region can
easily surpass the expected positive effect of
liberalization [5].

The strategic objective of Estonian electricity
sector development plan until 2018 is to assure



the optimal functioning and development of
Estonian power system in the market economy
conditions and to assure in the long-term
outlook the proper supply of electricity to the

consumers at lowest price possible, at the same

time implementing all
environmental conditions.
Since March 2009 Eesti Energia’s electricity
weighted average price limit is 32.5 €/ MWh. In
addition to domestic electricity sales Eesti
Energia exports electricity via Nordic energy
exchange Nord Pool to Finland. Electricity
export price is determined by Nord Pool
Finland regional price level. Additionally the
Eesti Energia Group exports electricity to the
other Baltic States [6].

€/MWh
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reliability and

Eesti Energia ‘s monthly average domestic market price
@ Monthly average Nord Pool Helsinki area system price
@ Monthly average Nord Pool system price

Figure 4. Eesti Energia’s average domestic
market price by months 2005-2009
The main engagements and figures concerning
to energy sector development by year 2020 is
followed [7]:
= diversification of energy sources used in
the generation sector, including
construction of the Estonian nuclear
power plant by 2020 and decreasing the
dependency on oil-shale generation;
= by 2010, renewable electricity will form
5.1 % of gross consumption;
= by 2020, electricity produced in
combined heat and power production
stations will account for 20 % of gross
consumption;
= to open Estonian electricity market for
35 % in 2009 and for all consumers in
2013;
= the limitation of energy consumption;
= preconditions will be established for
connecting with the energy systems of
the Nordic and Central European
countries, including the new

interconnection Estlink 2 between
Estonia and Finland.
After year 2015 about 70 % of available
installed net generation capacity of existing oil
shale based units will be shut down. In
operation will be two new fluidized bed boilers
in the Narva Power plants, the second
generation unit in Iru Power plant and small
power plants. The Estlink cable between
Finland and Estonia, commissioned right at the
end of 2006, increased the opportunities for
power imports and export from and to Estonia.
The major investments in electricity production
will be:
= Peat and biomass CHP-s with gross
capacity of 100 MW in 2010 2015
= Wind turbines with gross capacity of
618 MW by the year 2015
1st oil shale CFBC unit with gross
capacity of 270 MW in 2015
= 2nd oil shale CFBC unit with gross
capacity of 270 MW in 2016
= Natural gas combined cycle plant with
gross capacity of 100 MW in 2012
* Nuclear plant with gross capacity of 600
MW in 2020.
The electricity supply and demand forecast in
Estonia are presented in Figure 5 [8].

3000

2500

2000

E 1500

500

0

St OIS
(S P
ARl

O Necessary capacity m Peat and Biomass
O Ahtme CHP W Kohtla-Jarve CHP

& Windmills
B Narva Power Plants

Figure 5. Electricity supply and demand
forecast

The countries with liberalized markets need
new methods for energy planning, because the
uncertainty is increasing and the problems
become larger. Also there are more transactions
to process, more data and information to
manage and planning processes and more
attention needs to be paid on how to formulate
and implement the models efficiently. In
practice, it is not feasible to develop own
models for energy planning exercises by energy
planners and researchers, more effective to use

Olru Power Plant



existing models, but the key question is to
decide which model should be used.

3. ENERGY SYSTEM MODELS
CLASSIFICATION AND BASIC
STRUCTURE

Models are built for various purposes and
consequently have different characteristics and
applications.
The nine ways of classification are presented:

1. Purposes of energy models:

= General: forecasting, exploring,
backcasting.
= Specific. energy demand, energy

supply, impacts, appraisal, integrated
approach, modular build-up.

2. The model structure: internal
assumptions and external assumptions

3. The analytical approach: top-down,
bottom-up and hybrid.

4. The underlying methodology:
econometric, macro-economic,
economic equilibrium, optimization,
simulation, spreadsheet/toolbox and
backcasting.

5. The mathematical approach: linear
programming, mixed-integer
programming, dynamic programming.

6. Geographical coverage: global,
regional, national, local, or project.

7. Sectoral coverage:  single-sectoral
models and multi-sectoral models.

8. The time horizon.

9. Data requirements.

Such classification of energy models is helpful

for understanding their need, their roles and

their specificity in relation to the studies under
consideration9].

The structure of a model is often illustrated

with a reference energy system (RES), which is

a network depicting flows of commodities

through various processes. This network

includes all energy carriers involved with
primary supplies (e.g., mining, petroleum
extraction, etc.), conversion and processing

(e.g., power plants, refineries, etc.), and end-use

demand for energy services (e.g., boilers,

automobiles, etc.). The building blocks depicted
in Figure 6 represent the simplified Reference

Energy System (RES) [10].
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Figure 6. Reference Energy System (RES)

According to the model’s main characteristics it
was suggested the selection criteria of the
energy planning models from the point of view
of the Estonian energy sector[ij. It was also
selected the several existing energy models for
the analysis of the energy market in Estonia:
EFOM, TIMES, LEAP, MARKAL, MESAP,
MESSAGE, MIDAS, PowerPlan, RETScreen
and EnergyPlan. The application of these
models is given in the next Chapter.

3.1 Application of existing models

The selected energy planning models have been
used and applied to various practical cases. This
Chapter presents the overview of applications
of selected models.

The effects on the entire energy system by a
reduction in the amount of imported energy are
studied by applying the EFOM model to the
energy situation in Denmarkll] and for
investigation of emission control strategies for
Turkey[12].

TIMES model is usually applied to the analysis
of the entire energy sector, but may also be
applied to study in detail single sectors (the
electricity and district heat sector). Using the
TIMES framework there were developed
several works for different countries: an energy
system model for the Southern African
Development Community regioril3], the
Nordic Electricity Production Systenjl14],
estimation of CO2 marginal abatement costs for
Portugal [15, and several works of
optimisation the electricity, heat and natural gas
markets of the 25 trading regiong[it6], [17].
Hundreds of government agencies, academic
organizations, utilities and  consulting
companies worldwide use LEAP for a variety
of tasks including, energy forecasting,
greenhouse mitigation analysis, integrated
resource planning, production of electricity and



heat energy sectors and energy scenario studies.

Numerous countries have used LEAP to

Airport and many others. It was made the
investigation of future project of waste

prepare greenhouse gas mitigation assessments incineration plant building at Iru Power Plant in

as part of their initial national communications
to the United Nations Framework Convention
on Climate Change. The Department of Energy
of the Government of the Philippines represents
National Energy Plarf18] and scenarios for
five cities in South Africa have been modelled
using LEAP[19]. LEAP model was used in
comparison of scenarios of oil shale long term
trends in the report of Estonian Electricity
Sector Development Plan until 20[8.

MARKAL is a well-known model in Estonia
for modelling entire energy sector. The analysis
has been carried out using the Estonian
MARKAL model [20], [21]. Recently were
defended two doctoral theses in Tallinn
University of Technology based on MARKAL
calculationg22], [23].

An industrial module was developed to form
part of the applicable energy system analysis
tools, namely a Reference Energy Model for
PlaNet (PlaNet: Planning Network) under the
MESAP (Modular Energy System Analysis and
Planning Environment) for Slovenig4] and
for neighbouring Latvig25].

MESSAGE was used i§26] for the entire
energy supply system in countries of the Baltic
States.

MIDAS covers the whole energy system,
including energy demand by sector and fuel,
power generation, oil refineries, natural gas,
solid fuel production, imports and energy

market prices. The results of MIDAS
application in France and EU are giver[27],
[28].

PowerPlan model is simulating a countries’
power sector and its emissions. The study based
on scenarios developed in PowerPlan was
carried out in China’s power sec{@9].
RETScreen model includes the whole energy
sector and the list of applications of RETScreen
model is given i{30]. Numerous examples for
implementing commercially viable energy
efficient and renewable energy technologies
around the world such as Wind Farm in Ireland,
Solarwall on High School in Northern Canada,
Photovoltaic Water Pumping System in Africa,
Solar Water Heating at Vancouver International

Estonia.

In 2005-2007, the EnergyPlan model was used
in the EU-funded project DESIRE
(Dissemination ~ Strategy on  Electricity

Balancing for Large Scale Integration of
Renewable Energy). In six regions in Denmark,
Germany, the UK, Poland, Spain and Estonia,
models of the electricity supply were made and
the magnitude of CHP regulation systems was
evaluated against other relevant measures
including the expansion of interconnectf34].

4. THE RESULTS OF ADAPTABILITY
OF LEAP MODEL

4.1 Energy power system development
scenarios

According to selection criteria done for current
study, the LEAP model was selected as the
preferred framework for elaborating the
scenarios of development of the Estonian
energy system, where the most essential
reasons of selecting were free using of model
and training materials, public technical support
and discussion, user friendly interface; it allows
for transparent arrangement of the data, various
possible scenarios and can be developed energy
system configurations.

The whole study presents the adaptability of
freely available models for users: RETScreen,
EnergyPlan and LEAP. The more detailed
result of application RETScreen, EnergyPlan
models is given in the calculations of the heat
energy supply alternatives modelling in Narva
city [32]. This Chapter includes only the results
of testing of LEAP model.

The significant part of the study is devoted to
input data collection for LEAP model, and
could not be reflected in the full extent in this
paper. Using the input data, taking mainly from
the Statistics of Estonid3], Eesti Pank’s
forecastq33], energy savings in Eesti Energia
AS webpag€6] and the training exercises of
LEAP [34], it was made the database of Estonia
key assumptions in LEAP model.

Using Estonia LEAP model were elaborated
eight alternative scenarios for Estonian



electricity production system during the period
2009 - 2035 in the conditions mentioned in
Chapter 2:

1. Reference scenario (REF)

The Reference Scenario represents a today’s
situation of Estonia’s energy sector. This
scenario is characterized that the CFBC oil
shale units will be renovated and the production
of electricity is dominated by oil shale. The
penetration of various renewable energy
technologies such as wind and biomass power
generation is considered as per the existing
situation today. In the REF, the -12.3 % GDP
growth rate in the year 2009 and the forecasts
are according to Eesti Pank’s revised forecast
of the first quartef33].

2. Low-growth scenario (LG)

This scenario assumes a low GDP growth rate
of -15.3 % in the year 2009 relative to the -12.3
% GDP growth rate assumed in the REF
scenario in the same year and the forecasts are
according to Eesti Pank’s revised forecast of
the first quartef33]. All other assumptions and
other parameters are similar to the REF
scenario.

3. High-growth scenario (HG)

This scenario assumes a high GDP growth rate
of -8.4 % from year 2009 relative to the GDP
growth rate of -12.3 % assumed in the REF
scenario in the same year and the forecasts are
according to Eesti Bank’s revised forecast of
the first quarter{33]. This scenario shows an
optimistic view of the Estonian economy. All
other assumptions and other parameters are
similar to the REF scenatrio.

4. Nuclear capacity scenario (NUC)

In this study, nuclear-energy-based power
generation has been included as per Eesti
Energia plans. The installed capacity of nuclear
power plants is 600 MW in year 2020. The
nuclear energy-based power generation
capacity is expected to be in the amount of
5000 GWh per year from the nuclear power
plan starting. Additional information about
nuclear power plant scenarios is givefidg].

5. Renewable energy scenario (REN)

In this scenario, high penetration of renewable
energy is considered. Amount of potential
places are identified for wind-based power
plants in the country such as offshore wind

farms in Estonian waters and wind farm on the
closed ash field at AS Narva Elektrijaamad.
The availability capacity of wind power plants
is assumed to increase till 618 MW by the year
2012 as compared to the existing 117 MW
in 2009.

6. Hybrid scenario (HYB)

This scenario is a combination of the REF,
REN, and NUC scenarios. It describes the
energy forecast of the Estonian economy by
incorporating the entire range of renovation and
development of oil shale technologies,
penetration of nuclear energy - based power
generation technologies, the renewable energy
sources and the starting up of new gas turbine
with capacity of 100 MW after year 2012. The
GDP growth rate is as in REF scenario.

7. Low-growth-hybrid scenario (LHYB)

This scenario combines a low GDP growth rate
like in LG scenario and the HYB scenario with
energy technologies development.

8. High-growth-hybrid scenario (HHYB)

This scenario combines a high GDP growth rate
like in HG scenario coupled with high nuclear
capacity and penetration of renewable energy as

in HYB scenario. This scenario is
representative of the most optimistic scenario in
terms of both economic growth and

technological achievements.

4.2 LEAP mode
scenarios

A comparative analysis of the key results across
all the scenarios is presented in this Chapter.
Figure 7 presents the sectoral energy demand
across various scenarios that include
commercial, transport, industrial and residential
sector. The requirements shown under the
demand category shows only the primary
energy required to meet domestic demands. In
the REF, REN, NUC and HYB scenario, the
total energy demand increases annually 1.43 %
during the period 2009 2035, taking into
account the economic growth projections of
country in the these scenarios. However, it
increases annually by 0.7 % and 1.6 % in the
LG and HG scenarios, respectively. It has been
observed also that in the LHYB and HHYB
scenario, the total sectoral energy demand
increases the same as LG and HG scenarios.

results across various



Energy demand across various scenarios
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Figure 7. Energy demand across various
scenarios

Figure 8 shows primary energy consumption
across various scenarios, where the primary
energy requirements under the resources
category account for converted energy system
requirements.

Primary energy consumption across various scenarios
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Figure 8. Primary energy consumption across
various scenarios

In the REF, REN, NUC scenarios the primary
energy consumption decreases annually 0.76 %
during the period 2009-2035, taking into
account the shortage of electricity production of
country after year 2020 in the REF. It decreases
annually by 1.0 % in the LG and 0.72 % in HG
scenarios. It also decreases annually by 0.67 %
in HYB scenario, 0.92 % in the LHYB and
0.64 % in HHYB scenario. The sharp drop of
primary energy consumption after year 2020 is
caused by the reduction in consumption of oil
shale by almost 50 % of total amount. This
reduction in consumption of oil shale is
attributed to the oil shale old units closing after
year 2020. Estonia has applied for a transition
period for solving oil shale-based energy sector

development and the hazard

emissions.

Figure 9 presents a comparison of electricity
generation across various scenarios. In the REF,
LG and HG scenario, the total electricity
generation decreases from 9 TWh in 2008 to
5.5 TWh in 2035, the shortage of electricity
generation will be 3.6 TWh in 2035. The oil-
shale-based generation decreases from 8.7 TWh
in 2008 in the REF scenario to 4.5 TWh in the
2035. Gas-based generation has the same level
as in base year, because no new power plants
will be built in this scenario. The growth of
biomass and wind power generation is
0.36 TWh and 0.3 TWh respectively. In HYB,
HHYB and LHYB scenarios, the total power
generation increases from 9 TWh in 2008 to
12.7 TWh in 2035. The oil-shale, gas, biomass
and wind-based energy production are the same
as in the REF scenario. However, there exists
variation in the technology deployment for
power generation across these scenarios: it is
added new nuclear and gas power generation
that replaces oil-shale-based generation. In the
NUC scenario, the total power generation
increases by 1.4 TWh in 2035 and in the REN
scenarios, the shortage of electricity generation
will be 2.2 TWh in 2035.

reducing
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Figure 9. Electricity generation across various
scenarios

For simplifying it was shown the trends of €0
emissions in the REF and HYB scenarios over
the modelling time frame in Figure 10. The
REN, NUC, LG and HG scenarios have the
same trend as in REF scenario. The HHYB,
LHYB scenarios have the same total emissions
of carbon dioxide as in HYB scenarios. As it



shown in REF and HYB scenarios the total
emissions decrease sharply after year 2020 due
to shut down the old units at Narva Power Plant
and reduction of oil- shale-based electricity
production. The HYB scenario has the
advantage of new nuclear plant that does not
have CQ emissions, however in the REF
scenario about half of the electricity needed to
import after the year 2020. The trends of
amount of carbon dioxide emissions are similar
to energy generation trends. The trends of
energy generation in REF scenario are different
from HYB scenario by new natural gas power

plant with additional electrical capacity
100 MW.
CO2 emissions across various scenarios (million tonnes) -
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- HYB
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Figure 10. CO2 emissions in million tones

5. CONCLUSIONS

This paper presents the result of testing of
LEAP model that was using for the elaboration
the scenarios of the Estonian energy system's
development. An overview of the current
energy supply in Estonia and future changes of
the Estonian energy production system related
to the restrictions in technology and
environment was giverthe major investments

in Estonian electricity production system were
defined.

The application of the selected existing energy
models across several countries was provided.
According to the situation in Estonian energy
market described in Chapter 2 it was elaborated
eight alternative scenarios for Estonian
electricity production system during the period
2009 — 2035. A comparative analysis of the key
results across all the scenarios was presented in
Chapter 4.2.

The LEAP model, a user-friendly and freely
available tool, demonstrated the usage of the
model's features in connection with the
Estonian electricity system and it could be
suitable for elaborating the scenarios for the
whole energy sector and for electricity and heat
single sectors, including external assumptions.
Using the provided database of Estonia key
assumptions in LEAP model, the model may
serve as a basis for a more accurate model of
Estonia and for further research.
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Abstract

Estonia is a small country where electricity
production, mining and processing of oil shaleis a
regional economic complex with their difficulties.
Estonia is facing a complex situation in breaking
up the monopoly and developing a free electricity
market. Estonia has applied for a transition period
for solving oil shale-based energy sector
development and opening of electricity market
issues in the European Union accession
negotiation. These changes give rise to new
planning challenges and necessity to review the
different types of energy planning models for
modelling energy sector.

Modelling is one of complicated forecasting
methods. I n recent years a large number of energy
planning models have been developed. Energy
planning models become often useful when
analyzing complex systems have a lot of data; they
help to understand relationships between different
parameters and work out scenarios of devel opment
in any country. Afterwards, the model may serve as
a basis for more accurate model of the country.

This paper presents an ongoing research project
where the objective is to analyze energy planning
models to elaborate the scenarios of development of
Estonian energy sector. This paper gives an
overview of the current energy supply in Estonia,
future changes of Estonian energy production
system related to the restrictions in technology and
environment. The energy system models
classification and their basic structure are provided
and future framework is given.

Keywords

Energy planning, modelling, energy model, supply,
demand, forecast

Introduction

warming. The main goal of energy policies of every
country is not only to guarantee a secure and cost-
effective energy supply, but also to minimize the
harmful effects and develop a sustainable energy
system. The trend of liberalization and changes in
Estonian energy market related to European Union
technological and environmental requirements, gives
rise to new planning challenges and necessity to
review the different types of models such as energy
planning models,  supply—-demand  models,
forecasting models, emission reduction models,
optimization models to work out different ways of
energy development of energy sector. The review
paper on energy modelling will help the energy
planners, researchers and policy makers widely. In
practice, it is not feasible to develop own modets
energy planning exercises by energy planners and
researchers, more effective to use existing models,
but the key question is to decide which model sthoul
be used.

1. Current energy supply in Estonia

Today 90% of Estonian electricity demand is
covered by local oil shale power plants. The most
significant of them are the Eesti Power Plant with
installed electrical capacity 1 615 MW and thermal
capacity 84 MW and the Balti Power Plant with
installed electrical capacity 765 MW and thermal
capacity 400 MW. The main achievement of late
years is introduction of a new technology of oidkeh
combustion in the circulating fluidized bed at Ugit

of the Eesti Power Plant and Unit 11 of the Balti
Power Plant. Application of the new technology has
enabled improvement of the operational efficiency
as well as considerably decreased the amount of
hazardous emissions.

Iru Power Plant, the biggest producer of thermal
power and the third biggest producer of electrical
power in Estonia with electrical capacity 190 MW
and heat capacity is 648 MW (398 MW in co-
generation mode). The main fuel of Iru Power Plant

Energy is a vital input for social and economids natural gas. AS Kohtla-Jarve Soojus (Kohtla-darv
development of any nation. Due to increasin@istrict Heating Network) uses also oil shale atsd i
agricultural, industrial activities and standard oflectrical capacity 30 MW and thermal capacity is
living in any country, the total energy consumptiorfi38 MW. Power plants using renewable energy,
and the use of fossil fuels are also increasing Trsuch as Virtsu wind turbine, Linnamée and Keila-
combustion of fossil fuels causes the hazardouwa hydroelectric plants, produced 1.2% of the
emissions that are the main reason of globannual electrical energy production in 2007 [1].
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The total electricity and heat production in Estonioperators 607 GWh. The sales of electrical enargy i
by energy sources in 2007 are presented in Figuretie open market increased by 1102 GWh (67%), in
and 2 [3]. the closed market by 748 GWh (18%), and to
network operators by 185 GWh (30%) over the
previous year. The sales to corporate customers
mNatralgas 3906 increased by 697 GWh or 24% and to residential
moishae e  customers by 346 GWh or 31%. In 2007 the total
0 Oil shale gas 15.0% sales in the domestic market came to 7,012 GWh, an

ORenewable  6.2% increase Of 444 GWh over the year or 6% ComparEd
o eoe  tothe year 2006 [3].

According to the European Union requirements the
Estonian electricity market must be opened on 35%
by the end of 2008 and fully opened by the year
Figure 1. Total electricity generation by energy 2013. Today Estonian electricity market has been
sourcesin 2007. open for eligible customers whose annual
consumption exceeds 40 GWh since 1999. These
consumers have a right to purchase electricity from
any producer or seller in the market and an
Moishale  936%  opligation to pay for network services. At present
BNawagas 29%  there gre 13 eligible costumers in the system, they
O Oil shale gas 1.9% . .
ORenewable  1.2% consume about 16 % of energy in Estonia. Non-
B peat 0.2% eligible customers can purchase their electricity
B Other 0.2% from the grid company they are physically
connected to or from the seller named by that grid
company. Grid companies and sellers selling energy
to non-eligible customers can purchase that energy
Figure 2. Total heat generation by energy sources from power plants using oil-shale mines in Estonia
in 2007. as the primary energy source or from small
producers with capacities less than 10 MW.

1.1 Estonian electricity market . o - .
Liberalization of electricity market or opening of

The Estonian electricity market has a monopolistielectricity production and sales for competitioril wi
market where one energy enterprise (Eesti Energigise system’s efficiency and quality of services i
AS) dominates. Its prices are under state regulatioEstonia, but considering the small size of Estonian
but it is dictating conditions and connection fées electricity market, the complication of power syste
small producers for access to its network. Theontrol, shortage of generation capacity, costs of
Estonian domestic market is divided into thregperating the market, volatile prices and possible
categories, sales to the open market, sales to thwvering of supply security and reliability due to
closed market and external sales to networngsufficient investments in the whole region can
operators. easily surpass the expected positive effect of

In 2007 the total net generation from all powe}iberalization [4].

plants in Estonia was 10518 GWh, an increase @he strategic objective of Estonian electricitytsec

2411 GWh over the year or 23% compared to thg@evelopment plan until 2015 is to assure the optima
year 2006. The Estonian electricity net generatiofunctioning and development of Estonian power
and consumption by months in 2007 is presented #ystem in the market economy conditions and to

Figure 3 [2]. assure in the long-term outlook the proper supply o
electricity to the consumers at lowest price pdssib
s at the same time implementing all reliability and

1200,0 7

environmental conditions. The main engagements
and figures of electricity sector by year 2015 are

1000,0 1

= ~ . followed:

»:0 s B e « To achieve percentage of electricity
] :C:ml‘m production from renewable energy
e resources 5,1 % of gross consumption in

an 2010
e To achieve percentage of electricity
Figure 3. Estonian electricity net generation and production from electricity and heat co-
consumption by months in 2007 generation 20 % of gross consumption in

2020

The total sales of electrical energy to customars i _ o
the open market were 1646 GWh, to customers in * To open Estonian electricity market for 35
the closed market 4,267 GWh and to network % in 2009 and for all consumers in 2013

78



The major investments in electricity productionlwil
be:

e Peat
capacity of 100 MW in 2010-2015

e Wind turbines with gross capacity of 200

MW by the year 2015.

e 1st oil shale CFBC unit with gross capacity

of 270 MW in 2015

e 2nd oil shale CFBC wunit with gross
capacity of 270 MW in 2016 [5].

The electricity supply and demand forecast
Estonia are presented in Figure 4 [6].
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Figure 4. Electricity supply and demand forecast

The countries with liberalized markets need ne
methods for energy planning, because
uncertainty is increasing and the problems beco

larger. Also there are more transactions to process

and biomass CHP-s with gross

W

tPn%)eciﬁcity in relation to the studies under

2. The Model Structure: Internal Assumptions and

External Assumptions:

¢ Internal Assumptions: degree of
endogenization, description of non-energy
sectors,  description  end-uses, and
description supply technologies.

¢ External Assumptions: population growth,
economic growth, energy demand, energy
supply, price and income elasticities of
energy demand, existing tax system and tax

recycling.

3. The Analytical Approach: Top-Down or

in Bottom-Up

4. The Underlying Methodology: Econometric,
Macro-Economic,  Economic  Equilibrium,
Optimization, Simulation, Spreadsheet/Toolbox,
Backcasting, and Multi-Criteria.

5. The Mathematical Approach: linear
programming, mixed-integer programming,
dynamic programming.

6. Geographical Coverage: Global, Regional,
National, Local, or Project.

7. Sectoral Coverage: single-sectoral models and
multi-sectoral models.

8. The Time Horizon: Short, Medium, Long Term

9. Data Requirements: qualitative, quantitative,

monetary, aggregated, disaggregated.

Such classification of energy models is helpful for
understanding their need, their roles and their

consideration [7].

more data and information to manage and plannifibhe structure of a model is often illustrated wath

processes and more attention needs to be paid
how to formulate and
efficiently. In practice, it is not feasible to ddep

own models for energy planning exercises by enerdgvolved with primary supplies (e.g.,
planners and researchers, more effective to ugpetroleum

i@ference energy system (RES), which is a network

implement the modelgepicting flows of commodities through various

processes. This network includes all energy carier
mining,
conversion and

extraction, etc.),

existing models, but the key question is to decidprocessing (e.g., power plants, refineries, etmy

which model should be used.

2. Energy system models classification
and basic structure

In recent years, the total number of available gyer

models has grown extremely because of th

expanding computer possibilities. As a consequen% conditioning, heating, lighting, hot water, gtc

these models vary considerably and the questi

arises which model is most suited for a certai

end-use demand for energy services (e.g., boilers,
automobiles, residential space conditioning, etc.).
The demand for energy services may be
disaggregated by sector (i.e., residential,
manufacturing, transportation, and commercial) and
Qy specific functions within a sector (e.qg., resiik

e building blocks depicted in Figure 5 represent
e simplified Reference Energy System (RES) [8].

purpose or situation. In energy system planningthere are many existing energy models that are
various and often contradictory goals, such agsing widely over the word. The most popular of
minimizing costs and greenhouse gas emissioffem are MARKAL, EFOM, MESSAGE, TIMES,

while assuring the reliability of energy supplygear
present.

The nine ways of classification are presented:

1. Purposes of Energy Models:

» General: forecasting, exploring, backcasting

ENPEP, LEAP, ENERGY2020, MICROMELODIE,
RETscreen.

Existing models for local energy planning frequgntl

use forecasting methods (econometrics) for
projecting future energy demand and the bottom-up
approach rather than a top-down approach to allow

impacts, appraisal,
modular build-up

integrated ~ approactP approach is also necessary to enable a detailed

description of the different supply technologies
(conventional as well as renewable).
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RESOURCES PROCESSES GENERATION ENERGY So the set of models for local energy planning

SERVICES should consist of a modular package of models with
IMPORT N , exploring purposes and should at least _include
»| REFINERIES END-USE models for energy demand, energy supply, impacts
1 > e [ E and an appraisal.
. FUEL . N M
MINING PROCESSING A .
Etg_ > x| 3 Conclusions and future work
EMISSIONS DEVICES S
CONTROLS > > Due to the changing mentioned above in Estonian
FXPORT | | economy, energy market, and environmental

requirements, the main goals of the work are to

Figure 5. Reference Energy System (RES) investigate the energy-planning models, to simplify
Concerning the mathematical approach, line fhe model of Estonian energy system with a
g PP ’ all}ansparent structure. The purpose of chosen model

programming has a clear advantage in that it aIIOV\f§ to demonstrate the usage and adaptability of the

for simple programming and can gasﬂy IDeenergy model in connection with the Estonian
understood by planners because no special expertis

is needed. In this case the problem can be soivad ier?ergy system and work out some scenarios of the

; ; . Estonian energy sector development by mitigating
straightforward way by using standard algorithms. the environmental impacts of electricity production

Linear optimization is aimed to find the optimaland using new, less environment-damaging
value of a linear function of a certain number ofechnologies. Afterwards, the model may serve as a

X Xo...X basis for more accurate model of Estonia.
variables usually labelled "1’ 72°""n = An
optimization problem in an n-dimensional variableReferences
— T
X = (%,0-%,) can be generally written as: 1. Eesti Energia AS. Annual Report 2007/2008.
. Tallinn.38-41p.
mm[z = 2(Xy,.- X, )] @ http://www.energia.ee/index.php?id=141
subject to 2. BALTSO. Annual Report 2007. 34 p.
. 3. Statistical Office of Estonia. Energy Balance
. > =
i()=zh, 1=L..m 1960...2006. Tallinn. www.stat.ee
u; > X; > |j j =1...n 4. Laur A., Soosar S., Tenno K. Development of

Electricity Markets — Options for Estonia, 2002.
z is called the objective function. In the 15 p.

case of energy systerm might be total
costs, emissions of a specific substance or
the amount of employment created by the

system, for example, or a combination of
them, 6. Liik O. Conference materials “Energy and

u, I;, f andb; are used to set constraints that Culture”, 1UB, Bremen, Tallinn Technical

define the space of allowed or feasible University, 18-20 March 2004. 6 p.
solutions. 7. Van Beeck N. Classification of Energy Models,

. . . I 1999.17 p.
These constraints may include restricted availgbili o
of resources or maximum allowable emission levels. http.//ldelas.repec.Org/p/dgr/kubrem/?.999777.html
If both z andf are linear irx, i.e. 8. Goldstein G. Energy planning and the

. development of carbon mitigation strategies.
— Ay — Using the Markal Family of models.
z=cx= JZ:;;CJ X 2> Washington, 2001. 4 p.
N 9. Rdder A. Integration of Life-Cycle Assessment
f=AX < Oi: fi — Zaij X, ®) and Energy Planning Models for the Evaluation
j=1

Development plan of Estonian electricity sector
2005-2015, Tallinn 2006. (in Estonian)
https://www.riigiteataja.ee/ert/act.jsp?id=829062

of Car Powertrains and Fuels, Zirich 2001.

. . : p. 92-93.
whereA is the constraint matrix and djlare non-

negativeI 20 [9].
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Education
Educational institution Year of Education
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Tallinn University of Technology 2001 Bachelor degree
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