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Summary

The events in the energy sector which are evolgiagally put more and more
emphasis on renewables, through the use of whith ossible to reduce not only
impacts on climate change but also to place a ngeslually decline of expendable
fossil fuels. Countries more and more are placingortance on development strategies
and applying the principles of greening the envimamt.

The article looks at a situation where it is possito significantly increase the
proportion of renewables in the energy balance tipatarly wood fuel, but this is not
done due to political reasons. The energy deperaehthe country on natural gas and
its political dependence on its neighbouring coig#tincrease. This model is applied in
order that the economic circumstances within thet mkecade can be improved, thus
allowing for biomass to replace fossil fuels as emergy source in the centralised
heating. Three policy instruments are chosen s thiodel: national-level financial
support for the replacement of fossil fuel withrbass, information package at all
heating supply levels and energy efficiency measdoe improving the effective
running of technological apparatus which use biognas an energy source.

Introduction

Growth in energy demand, the depletion of fosslduand problems caused by
global climate change are reasons for an increasitgyest in renewable energy
application options.

Global experience has shown that an increase irggrm®nsumption results in
energy shortages, which are offset by increasedustmn of energy resources. Of
course, this is the easiest solution, but it cafm@tonsidered a sustainable option. A
specific situation has developed in Latvia. Naméhg import of fossil fuels (natural
gas) is growing, which, in turn, increases the ¢otsdependence on imported energy
resources. The transition from an economy basedossil fuels to one based on
renewable energy is a complex process and reqthieeslevelopment of a long-term
strategy and a serious commitment towards its imptgation [1]. It is very difficult to
think in the long term about the growing energystonption in Latvia if one thinks of
this as a short-term problem. And it is a greatpition to try to solve the energy
consumption problem by using the simplest methadperting more energy resources.
The more attention is paid to this short-term sofytthe less attention will be dedicated
to the long term solution, which is renewable egerg

State officials do not think about reducing enecgynsumption. They rely on
increasing energy imports, which exacerbate thenttg's dependence on imported
energy resources. The use of natural gas has besasing in Latvia. At the same time
as the country is importing increased quantitieatural gas, Latvian scientists are
employed in researching alternative energy andldpiey new technologies.

Climate change is affected by the world’s incregsaonsumption of fossil
energy, and therefore one of the key issues ofggneolicy is the use of renewable
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energy resources. Energy savings and greater ereffgryency together with the
promotion of the use of renewable energy are rdzednas key components of the
energy policy of the European Union countries,udeig Latvia, in order to implement
the limits set on greenhouse gas emissions by jlmeokProtocol and the commitments
of the European Community after 2012 [2,3].

The aim of the model analyzed below is to deternfiitels possible for Latvia
to achieve the high targets in the field of reneeamergy it has set as an objective, and
to look for alternative ways of how to achieve thise model evaluates eight different
policy strategies (represented by combination&i@e policy instruments) with the goal
of increasing the proportion of wood fuel use.

The structure of energy resources and energy consyation

Renewable energy plays an important role in thevidat primary energy
balance, but its potential has not been fully exgtb In the national energy mix,
natural gas, a fossil fuel imported from Russid, stpresents the largest fraction. At
the same time, local renewable energy resourcegecidly wood fuel, are not being
fully exploited even though they are availableargke-scale quantities.

Current Latvian energy consumption is illustrated Rigure 1. The largest
fraction is the share of petroleum products usethéntransport sector. Another fossil
fuel — natural gas — is with the second largest Wssod fuel, which is widely available
locally, ranks third in the fuel mix. The amountiofported electricity, which occupies
5.3% of the balance sheet, is closely linked toaheunt of hydro power available.
When water levels in rivers are low, less hydro eowan be generated and more
electricity imports are necessary. Wind power, bognd biofuels play negligible role
in the balance of energy resources in Latvia.
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Figure 1 Balance of energy resources in Latvia tivetdast three years [4,5]

The largest energy consumption in Latvia is relamdhe household sector.
Although slight changes can be observed over tlagsyehe household sector is still
dominating.

Electricity in households is used for lighting &pations, household and office
equipment needs, and other electrical applianceat I8 needed for space heating, hot
water preparation, and sometimes also to operatiateon systems.
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Heat supply plays an important role in the housglemlergy balance. This can
be explained not only by the climatic conditionsLatvia, but also by the low energy
efficiency of buildings. Heating can be providedotngh the district heating systems
and local heating, as well as individual heatingrses. Latvia is unusual among EU
Member States with the large proportion of branctiistrict heating systems that have
been established in many towns and parishes.

The development of such systems can be consideyegositive in several
respects, most important of which are the fuel ifeation benefits and energy
efficient technological solutions. This means thdistrict heating systems can
simultaneously use all types of fuels and stilliaeé high efficiency. In addition, it is
possible to simultaneously produce both heat amctrétity (cogeneration).

District heat supply is characterized by three sspasystem components and
their interaction:

e thermal energy users: the number of connected mestand load;

e energy source: the boiler house or cogenerationt,péand energy resources

consumed there;

e heat transfer system: the length of the pipelidesneters, and networking.

In Latvia, oil, coal, and natural gas boiler fureaavere successfully replaced by
wood fuel equipment for the first time from 1993 1899, after the restoration of
independence. This occurred in 15 district heasiygfems, and it was affected through
low interest loans. These were the first “greenhtjomplementation pilot projects in
the Baltic countries. They were implemented withie framework of a Swedish
government program. While the projects themsehaseaed good results, over the
next decade only a few successful biomass energgesprojects followed.

Since year 2000, two types of fuel have dominatetthhé primary energy use of
the Latvian district heating sector: wood fuel aratural gas. In 2007 district heating
systems produced 80.6% of their heat from natuaaland 14.9% from wood fuel. This
accounted for 95.5% of the primary energy consuonpdif district heating systems [5].
Heat for private homes, that is, single or two-fgndetached homes, was produced
primarily from wood fuel. Although Latvia has a hidpiomass potential, the share for
wood based fuels in the district heating sectorehxgeerienced rather slow growth rates.
In order to better understand and analyze thisdtr@rsystem dynamics model was
developed.

The objective of the study

The objective of this study based on a system dymamdel is: (i) to precisely
simulate the fuel mix structure of the Latvian detheating sector; (ii) to develop a set
of alternative solutions for Latvia to reach thegtds set for the share of renewable
energy sources; and (iii) to determine whethersitpossible a complete shift from
natural gas to wood based fuels, both considerimgrgy efficiency and Latvian
economic growth.

The developed dynamic model is both deterministid dorecasting. For
example, it helps to understand the influence plolity measures and economic factors
have on the fuel mix structure or the influencd fi@icy measures have on heat energy
tariffs.



Development of the dynamics hypothesis

When the model was first being created, it wasrassuthat the main indicator
identifying the fuel structure is the capacity oétallations (in terms of installed GW)
that use either natural gas or wood fuel to prodinee heat energy. Therefore, the
central elements of the model were identified as $tocks: the total installed capacity
of wood fuel technologies and the total installegharcity of natural gas technologies.
As the model is an energy-economic model, in thd step it was assumed that the
capacity of installed facilities is influenced bwa factors: investment and the
depreciation of the equipment over time. Therefeaeh of the stocks was linked with
two flows: an in-flow and an out-flow. The in-flonepresents investments aimed to
increase the capacity of installed heat energylitiasi The out-flow represents the
depreciation of the heat energy facilities, thuduseng the value of total installed
capacity. The installed capacity of each fuel repn¢s the proportion of the particular
fuel in the fuel structure. Figure 2 represents shack-flow structure using system
dynamics modelling elements valid for each typeinstalled capacity (wood and
natural gas).
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Figure 2 Stock-flow diagram representing the rel&hip between the total capacity of
installations and investment and depreciation flows

Converting the stock-flow diagram into a casualplabagram as represented by
Figure 3 allows a better understanding of the matdirthe interaction between installed
capacity and investment and depreciation flows.
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Figure 3 Causal loop diagram representing theioglship between the total capacity of
installations and investment and depreciation flows

-

A casual loop diagram shows the way the nodalgfahiie model works. The total
capacity of installed facilities in both cases l{zdition of either wood fuel or natural
gas) increases if the investment flow increaseg [alhger the capacity, the larger the
investment flow becomes. Thus, the interaction betwthe investment flow and the
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installed capacity stock forms a positive reinfogeiloop that characterizes an

exponentially growing systems structure. But alsm larger the capacity, the larger the
depreciation flow. Meantime, if the depreciatioowl increases, the value of the total
capacity decreases. The interaction between thwllews capacity stock and the

depreciation flow forms a negative balancing lobpttcharacterizes a goal-seeking
systems structure. The combination of a positive @negative loop forms an S-shaped
systems behaviour that can be observed in thetsesfuinodelling.

Such stock-flow structure was used for modelling tynamic change of the
installed capacity of both fuel types (wood fuetlaratural gas). As it is an equilibrium
model in which the total installed capacity rematogsistant over modelling time, thus,
if the share of one fuel increases, the share ef dther will decrease. Figure 4
represents a causal loop diagram that explaingnteeaction between the installed
capacity of wood fuel and natural gas energy.
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Figure 4 Causal loop diagram representing the foamaf installed capacity structure

The casual loop (on the left side) representingrib&lled capacity of energy that
has been produced from wood fuel (wood fuel cappahows that the larger the
investment aimed to increase the wood fuel capattigylarger the proportion of wood
fuel in the fuel structure. Meantime, the largee fbroportion of wood fuel in heat
energy production, the larger the investment aitoeiticrease the installed capacity of
wood fuel.

The casual loop (in the middle) representing theraction between the installed
capacity of wood fuel installations and natural gesallations shows that the larger the
capacity of wood fuel facilities, the smaller thestalled capacity of natural gas
installations. And, the smaller the installed cayaof natural gas installations, the
larger the total installed capacity of wood fuedtailations.

The casual loop (on the right side) representirgitistalled capacity of energy
that has been produced from natural gas (hatusatgpacity) shows that the lower the
installed capacity of natural gas installationg kbwer the proportion of natural gas in
the fuel structure. Meantime, the lower the prapartof natural gas in the fuel
structure, the smaller the investment aimed toeia®e the installed capacity of natural
gas energy. The smaller the investment, the smtikercapacity of the natural gas
installations.

As can be seen, the situation modelled is chaiaeteras three positive
reinforcing loops. These reinforcing loops explaihy the installed capacity and thus
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also the proportion of wood fuel in the fuel sturet has a tendency to grow over the
modelled time period.

To formulate the dynamics hypothesis: it can b&edt#hat the behaviour of the
system observed in the reference mode is formedusecof interactions between and
among investment and depreciation flows and thaagpstock.

Formulation and simulation of the model

Simulation of the behavior of the Latvian distriating system is done using
the system dynamics modeling softwaRowersim Constructor 2.5Using the
simulation program tools, the dynamic hypothesistrensformed into a system
dynamics computer simulation model that represehnés original structure of the
reference scenario.

Key factors affecting the consumption of wood faed natural gas in the
production of district heat energy are defined he tmodel in the form of different
elements. Values of these elements are definedy usiathematical equations and
constants.

Modd structure and e ements

The main structure of the model is formed by twamwg of two main energy
sources that are used in the production of dishett in Latvia (see Figure 5). Those
energy sources are wood fuel and natural gas.iRision of the fuel is regulated by the
central stocks “Wood fuel capacity” and “Naturakgaapacity”, which characterize the
accumulated change of the installed capacity dfidisheating over the time. The stock
“Wood fuel capacity” Qw, GW) represents the installed capacity of heatrggne
produced from wood fuel. An element is given artiahivalue to describe the current
installed capacity of wood energy and is dependentthe annual amount of heat
consumption, the initial share of wood in the dinoe of fuels (15%), and the duration
of the balanced heat load:

Qi = Qr -15% _ 8000-15%

= 0,6GW,
Qua 2000

Where:

Qw™ — initial value of the "Wood fuel capacity" stockW;
Qr — annual consumption of heat ener@yVh/year,

Qvar duration of the balanced heat lohtjear.

A constant, "The Hours'Qy), defines the equalized load demand of heat energy
per year on the assumption that the plant is opérait full capacity.

Assuming that the current share of natural gakenstructure of fuels is 85%, the
calculation of the initial value of the stock "Nedligas capacity" is done similarly to
wood fuel capacity calculation:

. . 0, 5 0,
oo - Qu-85%_800085% _ o 4o
Q. 2000

Where:
Q™ — initial value of the "natural gas capacity” $oGW;
Qr — annual consumption of heat ener@yVh/year,;



Qvar duration of the balanced heat lohtjear.

The assumptions used for the calculation of thigainvalues of the elements are
made by model builders and are based on the ddieected from experts [6,7,8],
statistical information [4,5] of the development thfe Latvian energy sector and

existing national policy planning documents [9,1(,1
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The total installed capacities of wood fuel anduralt gas technologies vary
during the modelling time depending on the flowat hffect the stocks:

Q= (1,D),
Where:
| — investment flowGW/year;
D — annual depreciatiogW/year

Flows in the model

There are two types of flows that affect the vadfiehe installed capacity stocks
of wood fuel and natural gas: an incoming and agang flow. The incoming flow
characterizes the investments required for incngashe capacity of wood fuel or
natural gas installations and has a positive effecthe values of "Wood fuel capacity"”
and "Natural gas capacity" stocks. The outgoingwfloharacterizes the annual
depreciation of the equipment used to produce &eatgy, and it reduces the value of
the installed capacity — both stocks "Wood fuelazay” and "Natural gas capacity” are
negatively affected.

The parameter "Investments in wood fuel" charantsri the division of
investments between natural gas and wood fuel.stine of the investments for natural
gas and wood fuel is 1 (100%), so it is sufficiemtcalculate only the value of the
parameter which expresses the investment sharead vuel (the element "Investments
in wood"). The investment share of natural gashentcalculated as the difference
between the amount of the total investments anéhilestment share of wood fuel.

o+ 15=1,
Where:
lw® — investments in wood fuel;
Ic° — investments in natural gas.

Accordingly, the flow of investments of natural ga€alculated as following:

IG: IT '(1_|v?/)a
Where:
I — natural gas investment sha@\/year
I+ — total investments for increasing capaciyyV/year;
lw® — wood fuel investment share.

When creating the model, it was assumed that thestment share is dependent
on the heat production tariff. In order to descritbee change of the wood fuel
investment share over time, a logical function apglied:

I s e—a~TW _ 1

w = 7(X'(TG_TW) ’

—a-Ty —aT~
e "+e ° 1+e

Where:
IWS— wood fuel investment share;



a — coefficient characterizing the decision makerghachoice of fuel,
Tw — tariff of wood fuel energy,VL/MWh
Te — tariff of natural energy, VL/MWh

The sum of the wood fuel and natural gas investrparts is 1. This means that
the growth in the share of wood investment resmts decrease in the natural gas
investment share. When the tariffs of heat energygyrction are equal for both wood
fuel and natural gasTy = Tg), the investment shares are also eqly@ < 1> or Iy° =
0.5). If the costs of heat energy production fromod fuel are higher than those of
utilizing natural gasTw > Tg), the share of wood fuel investments is smallantthe
share of natural gas investmenitg>(< Is> or 0 <ly°< 0.5). If the costs of heat energy
production from wood fuel are lower than those tifaing natural gasTw < Tg), the
share of wood fuel investments is larger than teees of natural gas investmenig (>
Ic> or 0.5 <ly°< 1).

The apportioning (or allocation) of the investmerdggulates the values of the
investment flows, which in turn affects the instdllcapacity of natural gas and wood
fuel energy. The installed capacity of fuel energfiuences the amount of energy
produced from a particular fuel. The parameters dicton of wood energy"Ey,
GWHhH and "Production of natural gas energlgs,(GWH express the amount of district
heat energy per year that is produced through #® af wood fuel or natural gas
respectively. The values of the parameters durirglp eamulation step are calculated
taking into account the installed capacity of béikl types and the duration of the
balanced heat load per year:

E=Q-Qu .
Where:
E — amount of energ¥GWh/yeay
Q — installed capacityGW,
Qva— duration of the balanced heat lobfear

The total production of district heat enerdyt,(GWh/yeay is the sum of energy
produced from wood fuel and natural gas. It is as=iithat the total amount of heat
energy produced is equal to the total heat eneegyathd and does not change during
the whole modelling period. Total energy demandsiened to be 8,000 GWh/year:

DM, = E, + E; = 800GWH/ year ,
Where:
DMy —total heat energy deman@Wh/year
Ex —production of wood fuel energlgWh/year
Ew — production of natural energ@Wh/year.

Heat produced from each of the energy sourcessrébethe total amount of heat
produced, expressed as the share of the fuel (dgroppover the structure of fuels:

ES E ,
E,
Where:

ES—share of each fuel;



E—amount of heat energy produdedm each of the energy sourc€Nh/yeay
Er —total production of heat energgWh/year

By contrast, multiplying the total heat demandthwy share of each fuel results in
the parameters which characterize the demand ferggrproduced from natural gas
(parameter "Gas Energy DemandMg, GWrhlyear) and the demand for energy
produced from wood fuel (parameter "Wood Fuel Enddgynand”, DMy, GWHyear).
This relationship is expressed as following:

DM = DM, -E®,
Where:
DM — energy demand for each type of fu@\\h/year
DM+ — overall heat energy demar@yh/year.

The model offers the opportunity to analyse not ghéy distribution of fuels, but
also the cost of district heat energy productioardime (see Figure 6).
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It is assumed that the heat energy tariff in theeaaf using wood fuel is affected
by the price of wood fuel, the investment and ofegacosts, efficiency, the reference
life time of the technologies used, the calorifiglue of the wood fuel, the annual
interest rate, and the risk factor. The tariff fobod fuel energy is calculated as
following:

| 3
TW:M+C\2+CW 10 i+ iI;f)+R,
Qux Qba Tw

Where:

Tw — heat production tariff for wood fuelyL/MWHh

Cw — wood fuel pricel.VL/t;

Cw — capital costs of wood fuel technolody/L/MW
Cw° — operating costs of wood fuel technologyL/MWh
Qvar duration of the balanced heat lohtear,

nw — efficiency of wood fuel use;

w — reference life time of wood fuel technologgars
Q. — calorific value of wood fueMWh/t

I —annual interest ratép/year

R — risk factor.

The price of wood fuel, the capital and operatingte®f the technologies used,
and the efficiency and calorific value of wood faeé calculated as a weighted average
of the three wood fuel types used in Latvia: laggps, and pellets. The overall energy
efficiency of wood fuel utilization (the paramet&rotal efficiency of wood fuel”) is
defined as an expression between the efficieneyoaid fuel technology and the impact
of the learning effect determined by the param#&Eéfect of experience on efficiency":

T = 1w *+ (=10 )-(1-EXP)- P, ,
Where:
nw — total efficiency of wood fuel use;
n w — efficiency of wood technologies;
EXP, — effect of experience on efficiency;
P, — policy instrument to improve efficiency.

It is assumed that the efficiency of wood fuel ipgquent ¢’ k) will increase over
time.

The calorific value of wood fuel is calculated bkitay into account the moisture
content:

Q4 = (18317-(0,2018W,, ))- 0,28,
Where:

Q. — lowest calorific value of the wool|Wh/t;
Wy — moisture content of wood, %.

It is assumed that in accordance with European Ureqnirements, the moisture
content of wood fuel that is being used for heatpction will decrease over time.
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The model assumes that the heat energy productifinrahe case of natural gas
is affected by such factors as the price of natgasl the capital and operating costs of
natural gas technologies, their efficiency, thdanped lifetime, the calorific value of
the fuel, and the annual interest rate of investngeowth. The price of natural gas in
Latvia is defined and regulated according to the@wam of fuel consumed. The greater
the consumption of natural gas per year, the Iawertariff. The second factor which
affects the tariff for natural gas is the quotetgiof natural gas (or heavy fuel oil) on
the international exchanges. The quoted price afrabgjas on the global energy market
depends on the overall global economic situatioatuhal gas tariffs are calculated
using the following formula:

| 3
TG=CG'dT]G+Cg+CG-1O (i + il;f)'
zG Qbal z-G

Where:

Te — heat production tariff for natural gas/L/MWh

Cg — price of natural gas,VL/1000n7;

Cs — capital costs of natural gas technoldgyl/MW
Cc° — operating costs of natural gas technolagl,/MWh
Qvar duration of the balanced heat lohtjear,

ne — efficiency of natural gas use;

" — reference life time of natural gas technologars
Q. — calorific value of natural gaMwh/t

I —annual interest ratép/year

The price of natural gas, LVL/1000 M was calculated in two steps. First, an
initial value for the price of natural gas was det@ed. This was done based on the
forecast for the price of natural gas made by tlaévian joint-stock gas company
"Latvijas Gaze” for June 2010 [12]. Secondly, the forecasttli@er annual change in the
price of natural gas till 2035 made by the U.S.rggpdnformation Administration [13]
was added to the initial value.

Changes in the structure of the average tariffhieat unit production depend on
the tariff for heat production and on the shareaxfh resource:

T, = E>-T, +ES T, ,Ls/ MWh,
Where:
Tt — average heat production tarif§/MWh
Ew> — share of wood fuel energy;
Es° — share of natural gas energy;
Tw —heat production tariff for wood fuelLs/MWh
Te —heat production tariff for natural gdss/MWh.

Policy instruments for increasing the share of wood fuel

The increase in the share of wood fuel in the coitipasof fuels results in a
growing value for the stock "Wood fuel consumptidBy). The stock "Wood fuel
consumption” represents the consumption of energgyzed from wood fuel and, thus,
also the public experience with the use of woods lissumed that the initial value of
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the stock is equal to B¢™ = 0). This means that at the beginning of the st
(first step) society has no experience using wadl in the future, however, increasing
the share of wood energy increases the experiegnegrng wood fuel in the society as a
whole. The greater the consumption of wood fuel (andrgy produced from wood
fuel), the more experience in the use of wood akdacumulates in society as a whole.
Whether the society has or has not accumulatedriexige in the use of wood
fuel affects the elements "Effect of experience @k'r (EXP;) and "Effect of
experience on efficiency'E(XP,) that describe what is the public experience miggr
the risks associated with the use of wood fuelrietdgies and their efficiency. Initially
(first step), when there is no broad social expegewith the use of wood fuel ("Wood
fuel consumption'Bw = 0) the values of both variabl&xXPz = EXP, = 1. This means
that there is in society the highest risk regardimg negative aspects and the lowest
efficiency in the use of wood fuel. As society atwlates experience with wood fuel
use, the values of both elements decrease expalgntwhich means that the risk
regarding the negative aspects of wood fuel useedses and the efficiency of wood
fuel use increases. This is due to the "learningceff In order to realize the effect of
learning, it is necessary to apply two policy instents "Risk Reduction TESTP{)
and "Efficiency Improvement TESTPY).
The effect of experience on risk reduction and fifiece of experience on efficiency of
wood fuel using technologies are calculated usatigWwing formulas:

By
N init'ﬂR
EXPR =e EW ,

Where:

Bw— wood fuel consumptiorGWh/year

Ew™ — initial amount of energy produced from wood f@Wh/year
Pr— years before 63 percent risk reductifg< 10 years).

BW

TR
EXP =e W
Where:
Bw— wood fuel consumptiori;Wh/year
Ew™ — initial amount of energy produced from wood f@Wh/year
B,— years before 63 percent efficiency improvemgat(100 years).

The negatives associated with the use of wood feth( as a lower level of
automation compared to natural gas, etc.) in thdehare represented by the parameter
"Risk" (R). The value of this parameter depends on the anafietcumulated societal
experience with wood fuel use and whether the poinstrument "Risk Reduction
TEST" is used to promote the use of wood fuel. Withtha use of this policy
instrument, the value of this parameter is fixddthe policy instrument is used, the
value of the parameter decreases, thus representiagrease in risk.

All together there are three policy instrumentsiuded in the model for
increasing the proportion of wood fuel utilization:
1) “Subsidies TEST” Ps) — A policy instrument that provides subsidies for
district heat producers for replacement of natwas$ installations with
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wood fuel boilers. This means that natural gas ®ib@n be replaced with
wood-fired boilers before the normal end of lifetloése installations.

2) “Risk Reduction TEST"Ig) — A policy instrument that comprises an initial
short-term campaign to compensate risks relatethéouse of wood fuel.
The aim of the policy instrument is to encouragephikelic to choose wood-
fired technologies. It includes marketing or suppoeasures to initiate the
process of disseminating positive experiences obdvéuel use due to
information flow.

3) “Efficiency Improvement TEST"R,) — A policy instrument that includes
measures to improve the efficiency of wood fuel use

These policy instruments are included in the madéhé form of constants. The
value of the constant can be either 0 or 1, whiclicates whether the policy instrument
is or is not applied.

If Ps= 0, no grant is given to replace natural gas hgaguipment with a wood
fuel heat production installation. By contrast, wii = 1, the state provides subsidies
for the immediate replacement of the natural gastallations with wood-fired
equipment. As a result, the lifetime of natural ¢mslities is no longer 20 years but
something less, because in this case they are bepteiced with wood fuel boilers.

The valuePgr = 0 means that there is no initial impulse in styctbat would
reduce the negative aspects relating to the useotl fuel. The information about the
positive experience with the use of wood fuel ist h@ing spread around. In
consequence, potential new users are not beiragtgtt. Society believes that the use of
wood fuel is inconvenient, uncomfortable, expensete. This value (= 0) denotes
the negative aspects associated with the use ofl virged. Conversely, iPr = 1, this
indicates that an initial impulse is given (by wafya marketing campaign or other
forms of support) to compensate for the perceiveghtives related to the use of wood
fuel. As a result, word of a positive experienceoasated with the use of wood fuel
technologies is spreading, thus attracting new woess.

The valueP, = 0 means that nothing has been done to improveftlagency of
the wood fuel equipmen®, = 1 means that some policy measures to improve the
efficiency of the wood fuel installations have bésmoduced.

The simulation model allows us to change the valoksa given policy
instrument from O to 1. By forming various combionas of these parameter graphs
describing the distribution of fuels for heat enemoduction and changes in heat
production, tariffs or charges covering a 25-yestiqal may be obtained.

Feedback loops

The elements and relationships of the previouslgritgsd model form feedback
loops (see Figure 7). The model consists of two feeglback loops, which allow for
dynamic development of the installed capacity othbwood fuel and natural gas
energy.

The first causal loop shows that the larger theallest capacity of wood fuel
equipment Qy), the more heat energy is produced using wood(Eigl. It also shows
that the consumption of wood fueBy) increases. The increase of wood fuel
consumption in each simulation step also servesltbto the societal experience with
the use of wood as fuel. This in turn leads to aicgdn in the risks associated with the
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negative aspects of utilizing wood fuelXPg) and an increase in the efficiency of wood
fuel utilization EXP,). Reduction of risks and improvement of efficienegduce the
tariff for heat energy produced from wood fuéy. If the tariff decreases, investments
leading to an increase in the share of wood fumeimse I{y°). As a result, the installed
capacity of wood fuel energy(y) increases. As the equilibrium model is usedhd t
capacity of wood fuel energyQ(,) increases, the capacity of natural gas energy
decrease<Jg).
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+ ‘\
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T Energy Consumption
Operating Costs ..--—}',! g +\ Experience on /
Effici Risk Reduction 4+
'c"? nc._v and Efficiency
Lifetime of 0 roct Rate Improvement

Technologies

Figure 7 Causal loop diagram describing the model

The second causal loop shows that if one of theepatistruments (subsidies for
the replacement of natural gas installations witboav fuel installations,Ps) is
implemented, the real or useful lifetime of theunat gas equipment decreases),(
thus resulting in a decrease in the amount of invest for natural gasld) and an
increase in the investments in wood fu@)( This is because investments leading to the
increase in installed capacity of fuel are depehdmm the depreciation costs of
equipment Dg, Dw). As a result, the share of wood fuel increased processes
represented by the first causal loop continue.

Analysis of the impact of policy instruments
The model incorporated three policy instruments Wwhiave been combined in
all possible ways, resulting in eight simulatioersarios. An overview of the scenarios

with the appropriate combinations of policy instents is given in Table 1. A value of
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“1” indicates that the policy instrument is actedf while a value of “0” indicates that
the particular policy tool is not used in the scema

Henceforth, each of the scenarios will be discussgdrately, giving a graphic
representation of the modeling results regarding #tructure of fuels and heat
production tariffs.

Table 1
Combinations of policy instruments used in scergario
Scenario Policy instruments
Ps Px P,
1% scenario. None of the instruments is applied 0 0 0
2" scenario. Subsidy package 1 0 0
3% scenario. Information package 0 1 0
4™ scenario. Energy efficiency package 0 0 1
5" scenario. Subsidy and information packagel 1 1 0
6" scenario. Subsidy and efficiency package 1 0 1
7" scenario. Information and efficiency packade 0 1 1
8" scenario. All three instruments are applied 1 1 1

By comparing dynamic changes in the share of waedl dnd natural gas (see
Figure 8), two trends can be observed. The firsidtie a gradual and moderate increase
in the use of wood fuel along with a decrease m e of natural gas. A slightly
different rate of change was noticed (Scenarid} B, 4, 6, and 7). The second trend, a
sharp increase in the share of wood fuel along witkduction in the share of natural
gas (Scenarios 5 and 8) was also observed.

100 —

90

1% Scenario — — ——
- 2" Scenario — — —
3" Scenario ----e-reerereeees
4" Scenario — — - — - —
5" Scenario - - - - - - -
6" Scenario — - - — - . — -
7" Scenario — — — — —
8" Scenario

Share of wood fuel, %

2010 2015 2020 2025 2030 2035

Year

Figure 8 Comparison of changes in the share of woeld

It can be seen from the chart that the most sigamti impact on the promotion
of wood fuel use would be a combination of thetfaisd second policy instrumens(
andPg).
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The relationship between policy measures and thdtirgg share of wood based
fuels in the primary energy mix is not linear. Thembination of different policy
measures has different effects on the market. ticpéar on scenario 5 and scenario 8
enable a 100% switch to renewable energy sourceistinct heating systems with rapid
growth rates. All other scenarios present more ughdrowth rates and the share of
wood based fuels by 2035 ends in the range of 65%-8

Discussions and conclusions

The main objective of the Latvian renewable energlcp is to increase the
proportion of renewable energy sources in the pymenergy balance to ensure
compliance with country commitments to the EuropBamon. This has the effect of
both reducing greenhouse gas emissions and dewedsitvia’'s dependence on
imported fuel and energy. The main problems faciatvia are the absence of long-
term state support; inadequate, outdated heat ptiodunfrastructure and technology;
and a very low level of community involvement inetluse of renewable energy
technologies. All of these delay the achievemenhatfonal renewable energy policy
goals.

A robust, proactive policy at the state or natide&tl is required to promote the
use of renewable energy sources in order to achmatienal renewable energy policy
objectives. Support to increase the use of wood ifuelistrict heating systems is
particularly important as wood fuel representsrgdauntapped renewable resource.

A variety of modeling techniques for analysis amahping in the energy sector
in Latvia have been applied on multiple occasioftse system Dynamics model for
district heat production is, however, the firsteatpt in this area in which system
dynamics modeling is used. System dynamics modedbknfased on the behavior
demonstrated by a system. This behavior is depemahetite structure of the system and
is an important tool to address problems that amniske system’s behavior.

On assessing the effects of policy instrumentsuntedl in the model for
increasing the share of wood fuel in district hagtsystems in Latvia, it can be
concluded that local wood fuel resources are nadgbesed to their full potential
because of the lack of a determined, proactive saisthinable policy of state support to
promote the use of wood fuel. The results of theutation show that by searching out
opportunities for applying specific policy suppamstruments, the share of wood fuel
could be significantly increased in district hegtsystems, thereby guiding the country
towards the implementation of its renewable engr@icy goals. Equally as important,
an increase in the share of wood fuel consumptioa district heating system would
have a positive impact on the cost to the consurhdreat from wood fuel. To take
advantage of the potential for using local wood foedistrict heating systems, energy
policy makers should assess for reasonableness gy instruments designed to
increase the proportion of wood fuel used. Theseypaoistruments should be looked at
from an economic, technological, and political pexgive.

If a key objective of Latvia’'s energy policy is stowly and painlessly increase
the share of wood fuel in district heating, this @& achieved by implementing a policy
that provides subsidies for replacing natural gastallations with wood-fired
installations. Alternatively, a policy that inclul@an initial short-term campaign could

17



be implemented to compensate for the real or pedeiisks associated with the use of
wood fuel.

If the key objective of the national energy polisya rapid increase in the use of
wood fuel in district heat production, this candmhieved by implementing a blend of
two policy support instruments. The blend would udld subsidies for district heat
producers to replace natural gas equipment withdwWoed equipment and initial
incentives to offset the negatives associated oples’ minds with the use of wood
fuel.

In order to reduce the costs associated with heatgg produced from wood
fuel (primarily the tariff for wood fuel), measurés offset the initial real or perceived
negative impacts associated with the use of woeadl $hould be implemented. This
would help ensure that people begin to look at woeel in a positive light. The
accumulation of positive experiences also tendseftuce the perception of risk
associated with this energy source in the mingsoténtial wood fuel users.

The average heat energy production tariff that hesnbcalculated in each
scenario can be looked at as a benchmark for baéist It can be used as the base or
measure in comparing the tariff for a variety ofliused by producers throughout the
district heat system. Based on the ranking of tlat hariff proposed by an energy
producer relative to the benchmark, further incessticould be put in place. These
would serve to encourage those district heat prduaising natural gas whose
proposed heat tariff is higher than the benchmariknplement measures for transition
to the use of wood fuel. It would also encouragedistrict heat producers using wood
fuel whose proposed heat tariff falls below the dmmark by offering advantages or
bonuses, or by allowing them to deduct the diffeesnetween the benchmark value and
the tariff for heat that they proposed to charge.

Although in the view of authors the system dynammusdel representing the
mix of fuels in district heat production systemsequiately describes the existing
situation, it is possible in the future to imprate model by:

e incorporating prognoses or predictions for woodl fpaces that more

realistically reflect where the market appearsedbaded,;

e integrating three separate smaller models wheredwlogs, chips, and
pellets are used, thus providing an opportunityatalyze the impact of
changes in the proportion of each wood fuel typedus the future. This
could influence both heat energy tariffs and thracstire of fuels. It could
also significantly affect the efficiency of woodctkmologies.

¢ including in the equation the amount (that is, plaéential upper limit) of
wood fuel and natural gas resources available toiddo see if and how
this might affect the proportion of wood fuel aratural gas in the fuel mix;

¢ including other policy instruments and assessi®g iimpact. For example,
the effect of a C@tax as one of the possible policy instruments ddod
analyzed. This could be an additional componenaciof in the calculation
of the tariff for heat produced from natural gakjeh is a fossil fuel.
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