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Abstract - The prices of fossil energy resources are expecteml
rise substantially in the future, therefore fossilenergy resources
might not be a feasible energy source for Latvia ithe long term.
The establishment of a fully self-sufficient energygupply system
will require a significant transformation of the existing energy
supply and transport infrastructure. Early planning of such a
system makes it possible to shape development ofetlexisting
energy system in order to achieve that goal of a Hy self-
sufficient energy supply system. The paper shows aotential
solution to establish an energy and transport syste solely based
on the domestic primary resources by the year 2050
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. INTRODUCTION

The prices of fossil energy resources are expetted
increase considerably in the future due to theeiased costs
in extracting the more difficulty accessible resms and the
fall of supply capacity which cannot meet demariger&fore,
fossil energy resources might not be availabld &ivia in the
long term either because of a physical shortageawor

excluding peat. The time frame that is chosentiergtudy is
the year 2050 which is a sufficiently long perioddrder to
create an energy supply system which is independetite
currently applied energy technologies.

II. METHOD APPLIED

Analysis of the structure of the self-sufficienteegy supply
system is conducted by using the input/output datéstic
energy system analysis model “EnergyPLAN" (versif)
which is developed and constantly improved uponthat
Aalborg University in Denmark since 1999 [1]. Thigproach
is selected because the goal of the study wantbdiut the
possible source structure of the energy supplyesysind the
characteristics based on the energy consumptioacdsts.
Today, there are more than 60 different types dfwsoe
available for the simulation of energy supply systein
accordance with the aforementioned objectivesabBes when
an energy system is developed by considering tkeofishe
local energy sources of a country, some of thenarag which
can be used for analysis (in addition to “EnergyRI’Aare
the following [2]:

[ ]

excessively high cost of those resources. Undersethe “INFORCE o

circumstances, Latvia will have to fully satisfys ienergy “Mesap !?IaNEt;

needs with domestic energy resources. The estaisishof * "H2RESY

an energy supply system that is based 100% on Eeigy * “SIMREN". _

resources is a complex task that will require anifigant  -EN€rgyPLAN” is a user-friendly program that was

transformation of the existing infrastructure ofeegy supply
and transportation, and the application of new tsmis that
integrate different energy sources for electricihgat and
transport energy supply. It is important to statlye with the
research and planning of such a system since ftillahake it
possible to ensure that the development of thdiegignergy
supply and transport systems achieve the goaleofutty self-
sufficient energy system.

The main goal of the work was to understand: 1)thdreit
is possible to create an energy system, includiagsport,
which is based 100% on domestic energy sourcesyh2t
could be the primary resource mix of that systemqg 3)
whether the currently estimated potential of suppiythose
resources is sufficient to fully cover the needsthoé self-
sufficient energy system.

In case of Latvia, the local energy resources arewable
energy sources, combustible waste and peat. Thuss,
structure of a Latvian energy supply that covers ¢mergy

developed using “Delphi Pascal” [1]. The model tenused

to simulate energy supply systems on the countveller
regional scale by using data of the existing systemfuture
forecasts. Data on electricity, district heatingnded, fuel
consumption in sectors of final energy use, dataapecities
and energy production of the energy sources, teahni
characteristics of energy storage technologies fexible
consumers, as well as economic and environmental
information is supplied by the used and inputiedhe model.
Simulations with ,EnergyPLAN”" allow the determinaii of a
resource mix, costs and environmental outcome for t
specific solution in the corresponding energy symistem.
The main advantage of the analysis model in coraparwith
some others is that ,EnergyPLAN" makes calculatibased
on the hourly distribution of electricity, heat amGnsport
demand, and supply of intermittent renewable saurce
throughout the year. The analysis of energy systemsn
hourly basis is very important for those systenst tmave a

demand in all sectors of final energy consumptian ilarge proportion of intermittent renewable energyrses in
developed based on the above mentioned energy espurdh€ supply mix since the production of energy framose
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sources has significant daily and seasonal vana#iod yearly
integrated energy values could be quite differenbsé
obtained through calculations which consider
variations.

-EnergyPLAN” was used to simulate a 100% RES-based Biomass and hydro energy are the most widely used

energy supply systems in Denmark, Ireland and fdjetM
Island in Croatia, as well
cogeneration potential in Estonia, Germany, PolgBpkin,
and the United Kingdom [2].

.EnergyPlan” operates based on data input/outputciple
and the main input data types are [3]:

2% is non-energy usage). The relatively high shafe
transport energy needs indicates that completerisgcof this

hourlgemand by domestic resources could be the maiteclgal in

creating a self-sufficiency energy scenario.

renewable energy sources in Latvia today. Howdveshould

as for defining RES andbe noted that, in electricity production, wind eneris

currently used at a considerably larger extent th@mmass,
and the amount of electricity produced by biomass
cogeneration plants is currently negligible. Mosdt the
biomass resources are used for heat productionisimict

e Energy consumption (heat, electricity, energy foheating systems and sectors of final energy use.

transportation and cooling energy demand);
¢ Available RES;
¢ Installed capacity of power plants, cogeneraticanfd

Table | shows summarized data on the potentialailable
local energy sources in Latvia. These sources wessl to
develop scenarios of the future energy supply sysfer

(CHP) boiler houses, heat pumps and energy storag@tvia which is 100% based on the domestic ressurce

technologies (e.g. electrolysers, compressed ait an

hydro pumping systems)
e Costs (including taxes);
e Regulation settings for calculations (e.g. balagdieat

or heat and electricity demand, technical or market

economic optimization) [3]; and
e Others.

The output data includes:
e Balance of energy;

e Amount of produced energy within one year (showed

on an hourly basis in the results);
e Export/import of electrical energy;
e Fuel consumption;

TABLE |
POTENTIAL OF LOCAL ENERGY SOURCE AVAILABILITY

Type of energy source Installed capacity or potential

amount of primary energy per
year

30 TWh [5]
600 MY8] (1,32 TWh)
1200 M\8] (3 TWh,)

Biomass

Onshore wind power plants

Offshore wind power plants

Biogas 7 TWh
Waste 1,8 TWh
Biofuel 10,5 TWh

The potential of biogas (Table 1) is calculatedusjng the

e Total costs, including economic data of electricitymaximum value of the annual biogas potential supplume

exchange [3].

[ll. RESULTS AND DISCUSSION

About 70% of the primary energy sources used withi
territory of Latvia in the year 2008 was importet].[The
largest share of these sources was imported fromssiRu
(electricity and natural gas import from Russia malp circa
32% of the import) and Russia is the only countmatt
supplies natural gas to Latvia [4]. The Latvianrggesystem
has a very high dependence on natural gas whicktitates
about 28% share in the primary energy supply, dwlie80%
of the district heat in Latvia was produced by gsiatural gas
in 2008 [4].

At the same time, during the year 2008 Latvia hadugh
share of hydropower (39%) and cogeneration (27%)ha
production mix of electricity, and the share of wWdoel used
in the boiler plants of district heating systemsl aectors of
final energy use were 15% and 22%, respectively [d]
addition, Latvia exports substantial amounts of evdaoel
(8,5% of the final energy use in 2008 [4]) whichultbbe used
in domestic cogeneration plants and boiler houasswill be
shown by the study, biomass is the domestic resoantong
those with the greatest potential to form the fatimh for a
self-sufficient energy system. Statistics [4] astirrates show
that about 50% of the final energy consumptionsisdufor the
supply of heating needs (by district heating amtividual heat
supply systems), about 13% is used for electramityt 36% for
transportation needs and various mechanisms (tin@inéng

in the range of the estimated figures for this pt& found in
the literature [7], i.e. 1200 million frand lower heating value
of biogas 5,8 MWh/thous.InThis may seem too optimistic of
an estimate for the biogas energy potential cugrénit may
as well be used in the studies with such a longrter
perspective since technological development mag turin
reality. The potential of combustible waste engffgble |) is
estimated by using forecasts of the amount of ccatitble
municipal waste in the year 2050 [8], i.e. 600 thawns per
year, and lower heating value of the waste 3 MWihltich is
calculated by considering the individual sharespogsible
components in the waste. The amount of biofuel i@dp
includes the existing production volumes of bioettlaand
biodiesel, which is 75 thous. tons per year [9]] &ms is a
very conservative estimate, since the productidoraes may
increase in the future. The structure or energy ofixhe
future energy supply system modeled in the scesanwiaich
are presented in this work was based on the pateqfi
available sources. The main task was to creataa @i the
energy system which would utilize local energy sesrwith
maximum efficiency avoiding energy import.
The main assumptions used in the forecasts to rolbke
energy consumption for the year 2050 are the faligw
e average growth of annual gross national electricity
consumption in Latvia is equal to 1% per year stgrt
from 8,6 TWh/year (Table Il) in the year 2020 (this
electricity consumption figure is taken from anathe
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study [10] and is chosen as the initial value faking
forecasts);

2050 shown in the Table Il are not forecasted daia
obtained by modeling the energy demand and supipigt®n

e average growth of the demand of mechanical enengy ffor the year 2050. Namely, the modeling alloweadoclude

the needs of the transport sector is equal to 2%y e
starting from 4,8 TWh/year (Table Il) in the yed2®
which is chosen as the initial value [10].

that the development of a 100% self-sufficient ggesystem
within limits of biomass, biogas and waste potérfiable 1)
is possible on the conditions that:

When forecasting mechanical energy demand fore district heating energy consumption does not exceed

transportation, it was assumed that the energy demall
increase at the same pace as economic activity,gi@ss
domestic product (GDP). Authors of this paper did find a
long-term forecast of GDP increase and the assomptias
made that it will be 2% per annum on average.

Table 1l shows the actual energy consumption figuia
the year 2008 [4], the energy consumption forecalstained
from the study [10], and energy consumption forecésr the
year 2050 obtained in this study by employing thmva
assumptions, and used as an input into modeling.

TABLE I

COMPARISON OF ENERGY DEMAND IN2050WITH THE DEMANDS IN YEARS

2008AND 2020
Type of energy source 2008 2020 2050
Electricity (gross national 7,8 8,6 12,0
electricity consumption), TWh/year
District heating (production), 7,3 6,0 4,0
TWh/year
Household sector (primary energy] 10,3 6,1 3,2
consumption), TWh/year
Industry sector (primary energy 115 12,2 8,5
consumption; includes industry,
service, construction and
agriculture sectors), TWh/year
Mechanical energy for transport, | 3,8 4.8 8,8
TWh/year

Forecasts of primary energy consumption of thespart
sector is made by forecasting growth of consumptibrthe

approximately 4 TWh/year,

e the demand of primary energy for heat production in
the end-use sector does not exceed about 12 TWh;

e ‘“flexible” electricity consumption of the transpor
sector does not exceed approximately 4 TWh/yetheif
“fixed” electricity consumption is 12 TWh/year attie
total demand of mechanical energy for the
transportation is 8,8 TWh/year.

The assumption that district heating consumptiod tre
demand of primary energy for heat production in ¢he-use
sector by more than 30% (nearly 50% in the houskebettor)
compared to the demand in the year 2020 is baseth®n
consideration of energy efficiency measures in libéding
sector which should be implemented to a consideraktent
by the year 2050. The reduction of the heat denadloivs
allocating more biomass resources, previously Ueedceat
production, to the transport sector for the proiunctof
biofuel. It is reasonable to assume that a consider
reduction of energy use for heating needs is messilble
during the studied time period than the reductiberergy use
for transportation and electricity supply.

The modeling of a 100% self-sufficient energy systgas
done by creating two scenarios: ,wind scenario” gsolar
scenario” and both scenarios satisfy the energyadeshown
in Table Il for the year 2050. In the ,wind scewdrithe
energy demand of the transport sector is provited large
extent due to the increased capacities of wind pguents,
and these capacities considerably exceed the dastima
potential provided in Table I.

mechanical energy first, and converting the obthine The main characteristic values of the “wind scesfaare

mechanical energy in the year 2050 to the primargrgy
demand using efficiencies of energy conversiorhefd¢hosen
transport technologies (i.e. internal combustiogiess using
biofuel or biogas and electric cars) afterwardse €lkectricity
consumption shown in Table Il is the so- calledkéfl” or
“inelastic” electricity consumption which is incled in the
model with the hourly distribution profile correspting to the
actual Latvian electricity load distribution durirthe year
2008. In addition, the model allows permits thecakdtion of
the so-called “flexible” electricity consumption cathese are
the consumers (i.e. electric transportation witttdsges and
hydrogen fuel cell vehicles) which could adjust thewer
demand within time period from 1 day to 4 weekshibuld be
noted that the size of the population in Latvigisdicted to
be around 1,8 million in the year 2050 [11] whitkans that
specific electricity consumption would be around7 6,
MWh/capita, which is more than 2 times greater thathe
year 2007 which would be close to the average pegita
consumption of electricity in EU-27 countries dgrid007 [4].
The amount of district heating energy consumption a
consumption of primary energy in household and $tgu
sectors, which is used mostly for heat productionthe year

84

the following:

1. total gross national electricity consumption ismhea6
TWh, from which the “fixed” consumption is 12 TWh
(Table 1), consumption of the “flexible” consumets.
electrical transport is equal to 3,8 TWh/year, and
consumption by heat pumps in the district heating
systems with cogeneration plants is equal to 00T

2. installed capacity of onshore wind power stations
reaches 1000 MW with annual electricity production
of 2,2 TWh), installed capacity of offshore windvper
stations is equal to 1600 MWwith annual electricity
production of 4 TWh) (Fig. 1, 2);

3. installed capacity of large hydro power plants %33
MWe and that of the small river hydro power plants
39 MWe (which is basically the current situatioahd
hydropower plants produce 2,8 TWh/year (Fig. 1, 2);

4. total installed electric capacity of biomass CHERnp
is 300 MWe (power-to-heat ratio is 0,5), and 182 BIW
is available for operation in the condensing mdde.
TWh of electricity plus 3,1 TWh of district heatear
produced by CHP plants (Fig. 2);
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biogas-firedfuel efficiency of CHP plants, based on the loweating

cycle condensing power plant providing a base Ifmadthe

for securing the electricity base load. It is assdnin the
calculations that 30% of the total electricity puoton must

dpower plant. Additionally, since it is presumed the
d‘nodeling of the future scenario that the consunmptaf
decrease, the heat load avadalfor
ogeneration will decrease as well and thereforele of the
iomass cogeneration in the power production withidish.
Use of biogas in large base-load power plants woetpiire

into the existing infrastructure of the natural gapply.

in the district heating systems with

collector systems saves more hiomass for cogenaratants

heat storage facilities are used in combinationhwsblar

5. total installed electric capacity of
combined cycle power plant is 1200 MWand the value of fuel and used in calculations, is 100%.
biogas consumption for production of 3,8 TWh of Biogas in the considered scenarios is used in ¢hebmned
electricity is about 7 TWh/year (Fig. 1, 2). ;

6. 0,6 TWh of electricity is produced by waste-to-gyer Power system since this might be the most feasblation
plants consuming 1,8 TWh/year of waste (Fig. 1, 2);

7. about 0,6 TWh/year of electricity is exported sitoe ! DY el -
electricity system is unable to consume all theplsr COMe from grid-stabilising units, i.e. biogas conda cycle
power produced by the peak production of wind pow
IElants, mostly in time periods from December tdistrict heat will

ebruary;

8. biomass consumption in end-use sectors which egclu
household and transport sectors is 8,5 TWh/year;

9. total heat energy consumption in the householdosectye,q|ping” technologies which allow the feed-in égas
which is supplied from individual heating sourcesj1
TWh/lyear, where 2,8 TWh of heat energy is covered giomass and solar thermal energy are two main ressu
with solar energy and 0,3 TWh — with biomasgor heat production (Fig. 1). Heat energy in thetriit heating
produced energy (at biomass conversion efficiericy @ystems which have cogeneration plants is supptiaidly by
0,85); biomass but,

10. approximately 0,6 TWh of district heating is proddc cogeneration plants and the household sector, éreagy is
by solar thermal collectors, 0,2 TWh are producgd bsupplied mainly from solar collector systems. Tlse of solar
heat pumps (COP value of 3 is used in the calaxgji
and the rest is produced by biomass-fired CHPs armghd the transport sector. It is assumed in theutzlons that
boiler plants;

11.

total biomass consumption for electricity and heatollector systems both in district heating systeamsl the
production is equal to approximately 18 TWh/yead a household sector in order to increase the podsésilfor the

about 12 TWh of biomass is used in the transpatbse Utilisation of solar energy.

(Table 1lI, Fig. 1).

Figure 1 shows the mix of primary energy resouraed
electricity which covers the energy demand for teileity
production, heat supply and transportation needher‘wind
scenario”.

O wind El Biogas @ Solarthermal [ Hydro
D Waste B Biomass O Electricity B Biofuel
30
25
® 20 -
2
FEECRER AN\
E 10
5 -
0
Electricity Heat Transport

Fig. 1. Consumption of primary energy resources eadtricity for supply of
electricity, heating and coverage of transportatdemand in the ,wind
scenario”.

As it is shown in Figure 1, the largest share afmpry
resource consumption in electricity production aken by
biogas used in combined cycle power plant, followsd
biomass used in cogeneration plants and wind enefitly
nearly equal volumes. Biomass in both scenaricléxated

between electricity and heat production in CHP f{slan

corresponding to the amounts of produced electrarid heat.
This allocation is justified by the assumption tkadP plants
use condensing heat exchangers for flue gas coatidgtotal

The share of district heating produced by the peatps is
very small in both scenarios (4,5%), and the hembgs are
used only in the district heating systems in coratam with
CHP plants and heat accumulators in order to etéiectricity
produced by wind power plants during the hours wpkis
electricity production for heat production. Biomassed for
biofuel production has the largest share in primangrgy
consumption also in the transport sector as wédl. (B.

Energy consumption of transport sector is covengthbee
types of energy resources — biofuel derived fromodyo
biomass (the term “biomass” is used in figures fbe
transport sector) which is not consumed in theridisheating
systems and end-user sector for the heat produdiiofuel
derived from energy crops (Table 1) and electricity

B wind E Biogas B Solarthermal B Hydro
D Waste B Biomass O Electricity @ Biofuel
18
16
14
I NN\
£ o AN N
S //
=
= 6 -
4
2
0
Electricity Heat Transport

Fig. 2. Secondary energy consumption by the eneegpurces used for
coverage of the secondary energy demand (mechameady is shown for
the transport sector) in the ,wind scenario”.
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The total primary energy consumption in the “windreason, the scenario in which the electricity fdlexible”
scenario” is nearly 66 TWh/year which exceeds thelectric transportation would be covered partly dnjar PV
consumption in the year 2008 by 21%. technologies, and the capacity of wind power plamtsild

When the secondary energy is analysed by the sewfte correspond to the estimated potential indicatedahle | was
origin (Fig. 2), then it is clearly seen that wiadergy is the created and named as the “solar scenario”. Thus,gbahe
dominant source for electricity production in theviild wind power plant capacity is substituted by theasdPV
scenario”. Biogas is the second most important c®urcapacity (Fig. 3, 4).
followed by biomass and hydro energy but the rdlevaste The main characteristics of the ,solar scenariofcltdiffer
energy for power production is considerably lowkhis is a from the “wind scenario” are the following:
distinct picture from the existing situation whergdropower = installed capacity of onshore wind power statian600
plants produce from over 30 to nearly 50% from gros MW, (with annual electricity production of 1,3 TWh);
national electricity consumption (depending onakaeilability installed capacity of offshore wind power statides
of water flow), shares of wind and biomass is pcatiy equal to 1200 MW(with annual electricity production

negligible and waste not being used at all.

of 3 TWh) (Fig. 3, 4);

= total installed capacity of solar PV plants is 138%/,

B Wind 9 Biogas B Solar thermal and 1,3TWh of electricity is produced yearly by these

Bl Hydro B Solar PV M Waste plants (Fig. 3, 4);

& Biomass O Electricity BBiofuel = amount of power export is negligible since produrti
of surplus electricity is practically avoided inigh
scenario.

N The mix of resources used for the heat supply eamtsport
§ sectors remain the same as in the “wind scenaFig. @).
=
E B Wind B Biogas B Solar thermal
& Hydro B solarpv O Waste
B Biomass O Electricity E Biofuel
Electricity Heat Transport
18
Fig. 3. Consumption of primary energy resourceseladtricity for supply of 16 -
electricity, heating and coverage of transportatemand in the ,solar 14 -
scenario”. o 12 e
2 10 | N
Approximately 75% of all heating needs are covebgd § 8 k\\\
using biomass (Fig. 2) and solar thermal energysisd for 6
supply of almost all of the remaining heat demathe ghare 4
of electricity used in heat pumps is only about 1%) 2]
Electricity is the single most important source robtive 0
power in transportation (Fig. 2, Table Ill) and rhaaical Electricity Heat Transport

energy produced from electricity has a share ofr cl@%.
Fig. 4. Secondary energy consumption by the eneegpurces used for

EI_ectr|C|ty in the tran.sport SeCt-OI.’-I.S pI‘O\{‘Ided. ,I, Ily by coverage of the secondary energy demand (mechameay is shown for
wind power plants utilizing possibilities of “flexie” demand . transport sector) in the ,solar scenario”.

for transport as already described previously. Bibf
produced fro(r)n woody biomass and energy crops ctwer  Tne total installed capacity of solar PV plants 150
remaining 60% of the transport energy demand (&ig-able  \yy which was needed in order to match power demadd a
). supply in the “solar scenario” when the constraaitpotential
TABLE IIl of other resources are considered (Table I), iseclto the
COVERAGE OF MECHANICAL ENERGY IN TRANSPORT SECTOR installed solar PV capacity in the 100% renewabiergy
system plan for the Denmark for the year 2050 [Hjwever,

Type of energy

Primary energy,

Mechanical energy,

source TWhlyear TWhlyear
Electricity 3,8 3,6
Biofuel 10,5 2,7
Biomass 12 25

1000 MW of wave power capacity was used in the ptan
Denmark [12] which was not used in this study ht al

The total primary energy consumption in the “solar
scenario” is approximately 65 TWh/year which isittel bit
less than in the “wind scenario” since slightlysledectricity is

produced and no power is exported. Thus, the tmiahary
energy consumption in the “solar scenario” excedus
consumption in the year 2008 by 19%.

As was mentioned above, the energy demand andysuppl
was modeled by “EnergyPLAN” on an hourly basis dinel
results of calculations for the first week of Jamnuan

In the above described “wind scenario”, the capexiof
wind power plants exceed the maximum capacitiemeéfas
the wind power capacity potential for Latvia showrTable |
(which may change in the future along with othgufes of
the domestic resource potential shown in TableFd) this
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electricity and district heating systems of theldsscenario”
are shown in Figures 5 to 8. As can be seen fragurEs 5, 6
and 8, CHP plants operate in base-load (Fig. 6d@)ng

winter time and electric transport as a “flexibt&hsumer and
heat pumps use electricity produced by fluctuatienewable
sources (mostly wind power) during periods when ghaver

supply exceeds the “fixed” electricity demand (F5y. As was
mentioned before, amounts of electricity import argort are
negligible in the “solar scenario” and that candaen from
Figures 5 and 6.

[Electricity Demand: Wesk in January|

£ 0o
asonf---
gonnf- o
3so0f-io-
aooo -

L2500
20004
15004 -
1000 |

500 |

e e EE e BT T
e I | I S S
e TATTOTY T
R I
o el aiat el ok Sl bl
]

[ T S T
D T P
o

[ I
Lt Rk b
[ T S T

I I
[P T,
[
I
EE RN R
I I
I I
L _a_ L _i_a- o
o0
L
cTTT
o
R [=T= eI=r =t =t
oo
-
cTTT
I I
e
oo
L
CTATTETTTA
[ T S T
It ST e T
[
T S T T
P (YR [P S Sy
CTATTOTY T
o
(e S e
[ T S T

0 30 40 30 60 7O

0 10

T
30140130 160

T T T T
10 2 80 9 01101201

| Cons. Flex. B HP I Eect 0 Storage B Export

Fig. 5. Electricity demand during the first week J#nuary (Cons.—“fixed”
electricity consumption; Flex.—flexible electricitgonsumption; HP-heat
pump electricity consumption; Elect.—electricity nsamption needed for
electrolysis; Storage—electricity storage; Expogtectricity export).

The average electric capacity of large hydropowantg is
220 MW, circa 970 MW are provided by wind, solar and
small hydropower plants altogether, 554 MW the average
capacity of biogas combined cycle plant, 284 Mave
secured by CHPs and the remaining 67 Mafé supplied by
waste-to-energy plant on average during JanuaryenNh
considering the whole year, the maximum electradlof the
“fixed” electricity consumers is around 2230 MWand the
minimum is close to 650 MW

[Electricity Production: Week in January |
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Fig. 6. Electricity production during the first weeof January (CHP-—
cogeneration; RES12-on-shore and offshore wind pplemts; RES34-solar
PV and small hydropower plants; PP+-large hydropoyaants and

condensing power plants as well as condensingtallHP plants; Storage—
electricity production from storage and V2G tramsption; Import—electricity

import).

As shown in Figure 7, the district heating demandivided
among 3 groups, representing district heating systeith no
CHP plants, district heating systems with distrdgutsmall

CHP generation and large district heating systetitis \arge
CHP plants which are also able to operate in cosidgn
mode. The district heating production for supply tbese
groups is 0,7, 1,3 and 2,0 TWh, respectively (Fjgsumming
up to 4 TWh of the total production as was mentibhefore.
The maximum total heat load of the district heatéiygtem is
close to 1540 MW and the minimum is 140 Mif the whole
year is considered. The average heat capacity &f glaints in
January is nearly 580 Myvheat pumps provide close to 100
MW, on average, solar thermal average capacity is dr80n
MW, but boilers supply 105 MWbn average to cover heat
peak loads of “no-CHP” (Group 1) district heatingstems
with solar thermal collectors and CHP plants inrdisheating
system Groups 2 and 3 during January.

[Diztrict Heating Demand: Week in January |
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Fig. 7. District heating demand during the firstekeof January (Group 1—
district heating (DH) systems without CHP; GroupDP- systems with
relatively small, i.e. distributed CHP’s; Group 3+4Dsystems with large
CHP’s, i.e. extraction steam turbine plants).

It should be noted that “EnergyPLAN" allows to ckeo
different energy system regulation strategies fodeling [1],
and a strategy in which all heat supply sourcespanducing
solely according to the heat demand was chosentHer
simulations presented in this paper. The prioritydispatch”
of heat is given to solar thermal units, followeg ®HP and
heat pumps with peak load boilers dispatched thie(Fg. 8).
Figures 5 and 8 demonstrate that heat pumps ackinigene
periods of large wind production when surplus eleity is
generated.

[District Heating Production: Week in Jarusry |
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Fig. 8. District heating production during the fiweek of January (CHP—
cogeneration; Solar-solar thermal collectors; HBtlpeimps; Elect.-heat from
electrolysis equipment; EB-electric heating; Boileater heating boilers).
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Researchers at Aalborg University in Denmark and th where it is assumed that the share of districtihgah

Danish Society of Engineers clearly showed thé jiossible
to develop model of energy system that is ablectoptetely
cover energy demand by the means of renewable ¥ne
resources only [12]. The research in Denmark wadan
studies of potentials of available resources, asgl@mptions
that energy efficiency measures will be performedlistrict
heating sector, energy end-use sectors includidgsiny and
transport, which will allow to reduce primary engrg
requirement of the country by more than two timespared
to the reference or “business-as-usual’ scenaricife year

2030 [12]. By wusing the same modeling program

“EnergyPLAN" it is shown that it is possible to adop 100%
renewable energy system for Latvia as well. Howevtee
Latvian 100% renewable energy plan (the scenariesemted
in this paper) is based on the assumption thatptivaary
energy demand will be greater than the existing ateim(for
the year 2008) by approximately 20% since in spife
decreasing energy demand for heating purposesirieiisc
consumption and the needs of energy sources fuspoat will
grow. This is a reasonable assumption considering t
necessity for substantial development of the Lateaonomy.
Similarly to the Danish plan, biomass is the mairergy
source followed by wind. However, hydropower plaate a
substantial source of electricity in Latvia whichriot the case
in the plan for Denmark. The opposite can be shaliawave
power as already mentioned above, since the waweerpo
capacity was not included in the Latvian energyhat it is
substantial in the Danish plan. Solar thermal aoldrsPV
energy are important renewable energy sourcestim fans.
It should also be noted that the share of eletyrioi the
energy demand which is summed up by electricity hedt
demand as well as primary energy and electricityated for
transportation (the sum will be called EHT energgmand
here for simplicity) is nearly the same for the Banand
Latvian plans, i.e. around 29%. But the shareseat klemand
and transport demand in EHT energy demand in theisba
plan is approximately 42% and 29%, respectively] [dBile
in the Latvian plan the share of the transportrauad 46%
while the share of the heat demand is 25%. Theesbér
electricity in the energy consumption for transptian is
circa 17% in the Danish plan (not including elegityi used
for hydrogen production for fuel cell vehicles) Jl#hd about
14% in the Latvian plan. No hydrogen electrolysisriodeled
in the Latvian plan in distinction to the Danislafpl

Finland, similarly to Denmark, has developed pdssib

energy sector development plan in order for thetoseto
become C@neutral by the year 2050. The forecast fo
changes in heat energy and power use in Finlanordiog to
the tendencies of state development and compavigéthnthe
Latvian 100% renewable energy plan presented B fiaper
are the following [13]:

1. gross heat energy consumption will decrease by iB2%
comparison with the year 2009, which is similathe
assumption in the Latvian energy plan;

2. proportion of district heating will increase from% to

the total heat production will decrease from around
37% (in the year 2007) to 28% since energy efficyen

rg improvements during the studied time period shall
reduce heat consumption in the district heatingesys
substantially;
use of electrical energy for heating needs wilréase
from 18% to 20% (very little electricity is plannéal be
used for heating in the Latvian case as already
mentioned previously);
total increase of power consumption for the ye&s(@20
relative to the year 2007 in Finnish developmeanhps
within the range of 26-53% [13]. It should be notkdt
in the presented Latvian energy plan the assumed
increase of gross national power consumption is 54%
(Table 1I);

5. energy consumption of transport (excluding thetelec
transportation) will increase by 40% by the yeab®0
in comparison with the year 2006. Calculationsho$ t
study are based on the forecasted increase of
mechanical energy needs for transportation by more
than two times (Table II).

The following solutions are proposed in the engstan for

Finland in order to cover consumption growth ané &

assure that the energy sector is,@@utral [13]:

1. CO, capture and storage — implemented in boiler
houses and large-scale thermal power stationsginmyi
that applied technologies are efficient;
development of multi-fuel plants where wood is uasd
the main type of fuel;

3. construction of new biomass plants and renovatibn o
the old plants;

4. increase of hydropower station use;

5. increase of amount of electricity produced by wind
power by 10-15%.

When comparing the plans of Finland and Latvigait be
noted that biomass, hydropower and wind plays goitant
role in the Latvian plan as well, but the main eliéfince is that
the Latvian plan is a 100% renewable energy plah @0,
sequestration is not planned.

IV. CONCLUSIONS

The presented study shows that it could be possible
develop an energy supply system (results of thelafso
scenario” are presented in the conclusions) whect00%
based on the renewable energy sources even witaitiniits
of the potential of those resources estimated witisting
knowledge. However, the scenario with complete gneelf-
pufficiency can be achieved with the known poténté
domestic resources if the increase of the totahary energy
demand during the time period up to 2050 stays imith
approximately 20% relative to the demand in 2008, mot
exceeding the value of circa 65 TWh/year. That ¢aabuire
that the energy intensity of GDP in 2050 would héwebe
only 50% of the energy intensity of the Latvian ezmy in
the year 2007 (based on the assumptions that Gidlated
in prices of the year 2000, in 2050 will be approately 2,4

52% which is opposite to the Latvian energy platimes greater than in 2008) which would corresptmdhe
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average energy intensity of OECD countries in tbary2007
[4]. It was assumed in the studies that the largetntial for
energy efficiency improvements can be found in Heat
supply sector which will demonstrate a decreasgh®fenergy
demand opposite to electricity supply and transpectors.
Biomass resources with over
consumption would play a major role in the energpy
providing energy for electricity and heat productias well as
for transportation via biomass-to-liquid biofuel ne@rsion
processes. Biomass will be the main energy souwcédat
production but wind power (1,8 GYvfollowed by biogas (7
TWh of primary energy) will be more important engrg
sources for electricity production than
Hydropower plants (1,57 GWHh2,8 TWh/year) will remain as
thefourth main source for power production. Solar ®,55
GW,) and waste-to-energy plants (1,8 TWh/year of prima

the biomass

now than using biomass CHP’s. But as can be sean fine
presented study, the role of biomass CHP’s willidigh as
heat loads will decrease and biogas,
technologies would have to become

significant sources of energy supply. Energy poli@s to

30 TWh of annuatonsider this disagreement between short and lamgptimal

renewable energy solutions in order to provide kme
opportunities for development and introductionhe tong run
solutions if additional support will be required.
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wind and solar
increasingly more

Jekaterina Porubova, Gatis BaZbauers. ligtermia energoapgdes sistmas pkna analze Latvijai, kas balstitos uz 100% vie€jo energoresursu
izmantoSanu

Arvien lielaka uzmaitba pasadl tiek piewersta glolalajam klimata @armaipam, ko veicina fosilo kuriiamo izmantoSana. No otras puses,drjams nemigs
enegijas piepraguma pieaugums, kas ierobezota fosilrinama daudzuma apallos noved pie saraZst enegijas izmaksu palieli#Saras. Pagstv regioni un
valstis, kuru energoapdes sistmas ir lutiski atkafigas no energoresursu importa un Latvijas valsgseskaitma pie #idam. Ja energoaades sigtma liek
mera balsis uz kurimma importu, tad valsts nevaftbparliecinata par piegZzu droSumu, ko var ieteldhgan politiskie, gan ekonomiskie agidt. leverojot
nepiecieSafibu mazirat energoapgpes ietekmi uz vidi un palielid dro3bu, arvien vaiik pilsétu, valsts rgionu un valsts apgabalu &fina veidot
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energoapapes sistmu pknus un sigimas, kas balss uz viejo energoresursu izmantoSanu, beikdidi plani tiek izstadati valsts imen. Tapat tiek izstidati
ricibas pini, kas paredz risijlumus, lai energoajpages sistmas afistitu lidz pilriba CO, neitalam svoklim.

Pareja no fosiis enegétikas uz energoapdes sistmu, kas balds uz vietjiem energoresursiem, rioz, ka energosistnai mainsies strukira un daribas
princips, jo tikai biomasas un hidroresursu gij@s avotiem ir iesgjams prognoz un vadt enegijas izstadi. Tatu pargjiem atjaunojamiem energoresursiem,
tadiem la veja un saules engifai, ir Joti mairigs pieejartbas raksturs, undz ar to ir imekE risinajumi So energoavotu izatatas enegijas uzkasanai.

Darha ir atspogioti divi Latvijas energoaggles sistmas afistibas scefriji, kas sggj pilniba nodroSiiat energoapades sistmas palrinu, balstoties uz viefiem
energoresursiem. Sciji ir izveidoti ar Danija, Alborgas université izstradato energoapiyles sistmas anates un modékanas programmu ,EnergyPlan”,
kura tika izmantotailiziga pkna izveidei Ginijas apsikliem. Galved atkiriba starp datb paaditajiem scearijiem ir véja un saules foto-galvanisko
elektrostacijupatsvars elektroengjas izstade.

Darha tika apfikoti Danijas un Somijas piedni 100% uz atjaunojamiem energoresursiem fialsin CQ neitralu energoapardes sitmu modetSars, tos
safdzinot ar Latvijai izstidatajiem scearijiem.

Exartepuna Ilopy6oBa, 'atuc Baxbayspc. AHAIH3 X0JITOCPOYHOIO IJIAHA CHCTeMbI dHeprocuad:kenust Jlareun, kotopslii Ha 100% ocHoBBIBaeTcs Ha
HCIO0/Ib30BAHHH MECTHBIX YJHEPrOpecypcoB

Bce Gonplree BHUMaHKE B MHPE OOpaINaloT Ha rIo0adbHOE M3MEHEHHE KJIMMaTa, KOTOPOMY CIIOCOOCTBYET HCIOIb30BaHHE HMCKomaeMoro tomamsa. C apyroit
CTOPOHBI, IPOHCXOAUT HEMPEPHIBHBI POCT MOTPEOJICHUS YHEPIUH, KOTOPHI B YCIOBHSAX OTPaHUYCHHOIO KOIMYECTBA MCKONAEMOrO TOILIMBA CIIOCOOCTBYET
YBEIMYCHHUIO PACcXOJOB Ha MPOM3BOAMMYIO 3Hepruto. CyIeCTBYIOT PErHOHbI, CHCTEMa SHEPrOCHA0)KECHMS KOTOPBIX CYIIECTBEHHO 3aBHUCHT OT HMMIIOpTa
JHepropecypcos, u JlatBus oTHOcuTCS K TakoBBIM. Eciu cructema sHeprocHa®xeHuUs ONMpaeTcs HAa HMIIOPT TOILIMBA, TO TOCYAAPCTBO HE MOXKET OBITH YBEpPEHO B
CTaOMIIBHOCTH IIOCTAaBOK, KaK M3-3a MOJUTHYECKHUX, TAK H U3-32 DKOHOMHYECKHX yCIOBHU. B cBs3u ¢ 3THM, Bce Oouble U OombIIe TOPOJIOB, TOCYIaPCTBEHHBIX
PETHOHOB MbBITAIOTCS CO3JaTh CHCTEMbI 3HEPrOCHAOKEHMS, KOTOphIE OCHOBBIBAIOTCS HA HCIIOJNB30BAaHUM MECTHBIX 3Hepropecypco. Pexe momoOHoro poxa
IUIaHB! Pa3pabaThIBAIOTCS HAa TOCYAapCTBEHHOM ypoBHe. Taxoke pa3pabaThIBaroTCs ILIAHBI AeiCTBUS, KOTOPBIE NPEAIONAraioT, YTO CHCTEMBI SHEPTrOCHA0KECHHS
ctanyT CO, HeHTpaTbHBIMU.

Ilepexon MCKOMaeMoOl HEPTETHKH Ha SHEPIETHKY, OMMPAIOIIYIOCS Ha MECTHBIC SHEPropecypchl, O3HAYaeT, YTO Yy CHCTEMbl SHEPrOCHAOKCHHS HU3MEHHTCS
CTPYKTypa M IPUHIUI pabOTHI, IIOTOMY YTO TOJBKO IPH HCIONB30BAHHU OHOMAacCHl H THAPOPECYPCOB BO3MOXKHO IPOTHO3UPOBATH M YIPABIITh BEIPAOOTKY
SHEpPTuH. Y OCTAIbHBIX MECTHBIX PECYPCOB, TAKHX KaK BETEp H COJHIIE, OUCHb EPEMEHUYHBBII XapaKTep M BBIpaOOTKU YHEPIUH, II0ITOMY HEOOXOANMO UCKATh
PpEIICHHUS 11 HAKAIUTMBAHUS SHEPTUH.

B pabore paccmaTpuBaroTcs JBa CIEHapUsl Pa3BUTHs CUCTEMbI SHEProcHaOXeHHs JIaTBUHM, KOTOpPBIE CIIOCOOHBI MOJTHOCTBIO 00ECIICUUTh SHEProNoTpedIIeHNE.
CrieHapuu pa3BUTHS CO3IAHBI, UCIOJB3Ys Iporpammy ,EnergyPlan” xoropas 6bu1a paspaborana B Jlannu, ATb60prcKOM YHUBEPCUTETE JUTS MOJCTUPOBAHMUS U
aHaM3a cUcTeM sHeprocHabxkenus. ,EnergyPlan”tak jxe ucronb3oBamack B pa3paboTke MOXOXKHX cleHapueB Juis JlaTckux ycioBuit. [aBHbIe pasindus
MEX/1y CLICHapHAMH, OTOOPaKEHHBIMU B pabOTe, SIBISACTCS A0S BETPOBBIX M COMHEYHBIX (DOTOra/IbBAHHYECKHX JCKTPOCTAHIMI B BBIPAOOTKE 3IIEKTPOSHEPTUH.
B pabore paccmarpuBaroTcs mpuMepbl MopenupoBaHus CO, HEHTpaNbHBIX CHCTEM DJHEPrOCHAOXKEHHS H CHCTEM »JHeprocHaOxeHus, koropsie 100%
OCHOBBIBAIOTCS HA BO30OHOBIISIEMBIC SHEPTOPECYPCHI, TAKMX CTPaH Kak JlaHns n OUHISHINSA, a TaK e CPABHUBACTCS UX OIBIT CO CLIEHAPUSAMH pa3paboTaHHBIMU
Juist JIaTBUH.
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