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1. RESEARCH OBJECTIVE AND BACKGROUND

It gives rise to concerns that regarding the edolgoroblems we
have crossed or at least we have come close tdotnder where the
space for the long-run survival of the human cpation is doubtful.
Social and economic processes need to be adjustdd tbboundaries
of the ecological systems towards long-run exigemnd human

civilisation. This is the sustainable developmeamgple.

1.1. Aims of the research

Amongst the ecological problems one of the mostiSaant
phenomena is the climate change which is mainlylted by
energetic processes. The current energetic systemsustainable due
to the increasing energy demand triggered by pdipualaexpansion
and economic growth, as well as short- and longrtencertainty in
connection with the availability of resources. Raélisation of
consumption, more efficient energy usage and aemavgy Structure
are needed to be achieved in the same time. Mgadgive utilisation
of renewable energy sources is an important asgpecter to shift the

structure of energy system towards sustainability.

The aim of the study was to reveal the most beakfechnologies or
utilisation of renewable energy sources with speagspect to

sustainable energy system. Primary results of theéys i.e the relative



ranking of the technologies as well as the secondasults are
potentially useful in several environmental andedlepment policies.
From strategic planning viewpoint the estimation toe optimal
Hungarian renewable energy mix regarding sustaihigbiis a

significant conclusion as well hence an ideal state be modelled.

Numerous technologies of power and heat generatene compared
In a sustainability assessment frame built up byeseattributes.
Preferences of experts regarding these were eealuly choice
experiment (CE) survey. This group of attributegresents the tree-

dimension definition of the sustainability.

1.2. Hypothesises

H1

PRIORITIES OF HUNGARIAN EXPERTS ARE GIVEN FOR THE
ECOLOGICAL AND SOCIAL ASPECTS OF THE UTILISATION OF
RENEWABLE ENERGY SOURCES.

It is assumed that the importance of ecologicatibaites (GHG
emission, other harmful ecological impacts) andiaoattributes of
the utilisation of renewable energy sources aralgevaluated by

experts.



H2
BIOMASS UTILISATION TECHNOLOGIES ARE MORE BENEFICIAL
WITH REGARD TO ASPECTS OF SUSTAINABILITY .

Bioenergy technologies are advantageous regardioglsaspects of
utilisation of renewable energy sources due todrndgabour and local
raw material demand in case of the social aspe&sp#oritised.
However, the importance of positive social effeck biomass
utilisation depends on the significance of land dedhattribute in the

assessment.

H3
SMALL -SCALED TECHNOLOGIES ARE RELATIVELY ADVANTAGEOUS
REGARDING SUSTAINABILITY .

Generally, the higher is the amount of energy sedphe lower is the
per-unit labour demand and costs, so large-scatdthblogies are less
beneficial regarding their social attributes. lassumed that if social
dimension has higher importance according to elperrvey, the
small-scaled version of each technology will sumggobsto be
favourable. Decentralised energy supply is probgbéferred in this

assessment.



H4

THE OPTIMAL RENEWABLE ENERGY MIX OF HUNGARY IS
BIOMASS-BASED.

The highest portion of current Hungarian sustamaldénewable
energy potential is based on biomass utilisatiomrtiérmore,
bioenergy provides great amount of storable enévgwll proposes.
Additionally, bioenergy technologies are assumedbdoplaced in a
position at the top of relative ranking, so biogyewill play an

Important role in optimal energy mix as well.



2. DATABASE AND INTRODUCTION TO THE APPLIED
METHODS

Method of the sustainable assessment is compewpsaualti-criteria

assessment with criteria weighting based on chexperiment (CE).
The model of the assessment is presentdéigare 1. Input data is
displayed on the left side, the applied methodspaesented in the
grey cells, while on the right side types of thamasults are shown.
The database of the research is built up by théemeces of the
Hungarian experts (CE survey) as well as attribwiases of each

involved technology.

Figure 1. General model of the assessment, inputadresults
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Source: own construction
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The first step of the assessment was the defindfdhe most relevant
descriptors of sustainable utilisation of RES. %ewistainability
attributes was established. The importance of eathbute was
explored by a CE survey amongst Hungarian expé€ltefficients
calculated by the survey were used as weights @fstistainability

attributes in the technology assessment.

Attribute of ‘other harmful ecological impacts’ cbmes all negative
ecological impacts beyond climate change. To evalalh impacts as

a unique environmental impact assessment frame established.

Technical, ecological, social and economic parareaittechnologies
were collected from the literature. Each technology be described
on three levels, these are global, domestic (Hyngard project (see
Figure 1) levels. Comparison of renewable based projectdiskolc
was presented. Project assessment is able to adopiptional

environment.

The primary result of the sustainability assessnvesd the relative
ranking of technologies on global and domestic llebaring further
analysis, impact of variation of technology paran&bon the ranking
was presented (elasticity assessment). The optem@wable energy
mix of Hungary was also estimated according to asnability
assessment’s results and individual project assadgswas interpreted

as well.



2.1. Sustainability attributes

During the sustainability assessment of utilizatioh renewable
energy sources few relevant characteristics ofatieysis has to be
defined. These characteristics — attributes — aee lasis of the
comparison. Generally, in a CE survey respondengs agked to
choose between few (2-4) hypothetic options regardgoods,
investments or policies. Options are constructethbycombination of

predefined attribute levels.

Table 1. Attributes and attribute levels

ATTRIBUTE DESCRIPTION LEVELS
GHG emission (relative Decrease in GHG emission due to the differeff 50; 80
to fossil fuels) technology usage (LCA approach) compared to
conventional technology — relative to fossil fu@ls).

Land demand Amount of technological demand on lased for 2; 20
agricultural, forest or nature conservation purpose
(ha/TJ).

Energy efficiency Ratio of used and produced endtgyA approach, 10, 30;
O/l) (%) 60

Other harmful Direct and indirect impacts of utilisation (e. g. 20; 60

ecological impacts landscape impact, noise pollution), relative tosfios

(relative to fossil fuels) fuels (%6).

Increase in costs Investment and operation costsmpaced to 5; 30; 60
conventional technology (%).

New jobs New jobs due to utilization of RES by eacdh 10; 20
technology (prs./100 TJ).

Local income Income realized by local citizens egntises or local 2;5; 15

government due to RES utilisation (m HUF/TJ).
Source: own construction

The importance of the seven predefined attribtddlé 1) in the
sustainable energy system was estimated by the Efthoaplogy.

These descriptors of the attributes were used aghtgein the



assessment. Participants were asked to choosensgisiyobetween
the options and with special respect to sustaialmf future energy

system.

18 alternatives described by different level of rgveeven attribute
were pared and organised into 9 choice sets. Ttseceatain three
possible responses (‘A’, ‘B’ or neither). ‘Neitherepresents the
continuous existence of the current energy syskegure 1. shows an
example for a choice set. Participants were askedchoose
responsibly between the options and with speciadpeaet to

sustainability of future energy system.

Figure 2. Example choice set

Option Option .
A B Neither
GHG emission
L% (relafive to fossil fuels) BU% BO%
Land demand 2 ha 20 ha
{ Energy efficiency 10% 30% Further
existing
B Other harmful the
ecological impacts 20% 60% curent
(relafive to fossil fuels) energy
Increase in costs 30% 30% system
New jobs 10 2
Local income
(excluding labour income) 15 M HUF 2 M HUF
Your choice: O O O

Source: own construction

One hundred and seventy-two Hungarian professiamale invited to

participate in the survey. All of them had previqusblication in the



topic of RES, ecological economics or environmempilicy and/or
professionals with position in governmental uniusjversities or in
NGOs are also considered as expert — even withabtigation
activity. Thus, a database was set up which reptesthe whole
community of the relevant Hungarian experts of thiscipline. An
on-line survey service was applied which was abldetween 11
October and 18 November 2011. Fifty-two valid questionnaires

(30.2%) were received.
2.2. Technology assessment

Seventeen technologies of RES based electricityhead generation
technologies were involved into the sustainabiigsessment. Data
regarding each attribute were collected for evechhology based on
wide review of scientific articles and professionedports of

international organizations. More than 80 publma$i were used.
Furthermore, the database contains the coeffici@ntaeights of the
attributes which represent the importance of ediclbates according

to the CE survey.

During the assessment the median of the givenbat&i was
considered for each technology. Continuously, thidbate values
were standardised amongst technologies. This stydted in values
from O to 1 with retained relative distance betwd#ssn technologies.

Standardisation also allows the aggregation ofbatkes characterised



by different dimensions. Hereafter, standardisddeswere corrected
with the weights from the CE survey. Finally, theustainability
values’ were calculated as a weighted sum of tdolggoattribute
values. Sustainability value is a value without @nsion and is not
informative in itself; it only makes sense usedigfinition of relative
ranking. Relative ranking was also standardised fostter

understanding and visualisation.

Analysis of effect of different variables on theiaace of the results —
l.e. the sensitivity analysis — has a great impme#aregarding the
interpretation of the results. Due to sensitivitgalysis potential
intervention possibilities can be identified whiake more efficiently
increasing the sustainability value of a technoltyytechnical and

other changes.
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3. MAIN CONCLUSIONS OF THE DISSERTATION

3.1. Preferences of experts

The calculated results of our model are presemtélchble 2. It shows
that except of ‘energy efficiency’ all coefficiensre at a 95%
significance level. Signs off coefficient are consistent with our
expectations. Positive value implies that experts rmore likely to
choose a technology which is more efficient, createw jobs and
realises local incomes. The attributes with neggficoefficient are

connected to harmful impacts.

Table 2. Estimation results of the choice experimén

Attribute p exp.f SE p

ASC 1.66407 5.281 0.29079 1.00E-08
GHG emission -0.01156 0.989 0.00226 3.00E-07
Land demand -0.03243 0.968 0.00865 1.80E-04
Energy efficiency 0.00444 1.004 0.00434 3.10E-01
Other harmful ecological impacts -0.01178 0.988 00868 1.40E-03
Increase in costs -0.01656 0.984 0.00374 9.70E-06
New jobs 0.02246  1.023 0.00959 1.90E-02
Local income 0.02835 1.029 0.01325 3.20E-02

Pseudo-R 0.1229

Likelihood ratio test=126, 8 df, p<0.001 n= 140468
Exp. A coefficient = &

Source: own calculations

Thep coefficient reports the role of each attributehia choice as well
as in utility function of the respondents. The laghs values is
observed in the case of land demand (-0.03243pvieltl by local

11



income and jobs. High preferences connected tdotidand demand
are probably resulted by intensive debates ab@ulattd use conflict.
The coefficient of costs shows mediate importageeprisingly, thes
coefficients of GHG emissions and in other harmiubacts are
lower. Since energy efficiency attribute was notarelcterised by
statistically significants coefficient, it was not built into the model
hereafter. The necessity of the introduction ofhést harmful
ecological impacts’ attribute is proved, sinceftsoefficient is close

to one of GHG emissions.

3.2. Global and domestic technology ranking

During theglobal technology assessment altogether 17 technologies
were involved in the analysis. Ten of them are pogeneration,
while seven are heat generation technologies. Taogres differ in
utilised energy source, the method of energy caatem and the size

(scale) of utilization.

Figure 4. contains the results of the sustainability assessmof RES
utilisation technologies. The variance of sustailitgbvalue in the
case of differently sized technologies is determhibg the relation of
labour intensity and costs. Small-scaled utiligai® characterised by
higher labour demand and higher costs. Contrarygelacaled
technologies require less labour per produced gneungd their

production costs are lower due to economies ofesddénce in this

12



context employment effects are positive, howevartaase in costs is
a negative attribute; ranking is mainly influencbd the relative

difference regarding these attributes in case dirtelogies using the
same conversation method on different size. Thieréice between
the two scales of utilisation according to employiis greater than
in costs at hydropower installations, while the afife is observed at

geothermal district heating systems.

Analysing the lifecycle employment effects of thechinologies, it
turns out that options which are more technolodgriive require
more labour force in phase of equipment producéind installation.
In case of the utilisation of energy of Sun andthgeonics, these
effects are significant. The labour demand is ol®in those cases
In some specific industry, so the support of th@Mlsector seems to

be reasonable (e.g. PV panel production).

Analysing the LCOE, lower cost profile of wind, glkeermal and
hydropower utilisation technologies can be conallud®peration cost
advantage is caused by the lack of fuel costs. Kewanvestment
costs of solar energy conversation are still highturn, the fuel cost
results in advantages regarding local income ire aesbioenergetic
conversation processes, hence the fire wood orcwdtural by-

products are probably supplied by producers oféigeon.
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Analysing the results regarding relative ranking sdzh on
sustainability values of electricity generation heaclogies,
concentrated solar power (CSP) seems to be thefmasirable. The
most advantageous attributes of CSP’s are the Rigiployment
effects, low emissions and relatively high energygity that results
in low land demand. CSP technologies are on theofdpe ranking

despite the worst performance in local incomelaits.

Figure 4. Relative ranking and sustainability valus of the
electricity and heat generation technologies

1.0

1.000
0.988
0.971

CSP - tower

CSP - parabolictrough
Hydro smallscale
Hydrolargescale
Geothermal power plant
Wind power plant
Agricultural biogas plant
PV plant

Biomass plant, gasifire

Biomass plant

0.0 0.2 0.4 0.0 0.8 1.0
< i |' \' |'
Geothermal districtheat - large 17 | ! | I J|1.000
Geothermal districtheat - small | | | y 10,927
Biomassnon-grid heat-pellet ] | | | ) 0.503
Solar thermal heating & HWS | ’ 0.439
Biomass non-grid heat - chips | J_L| 0.235
Biomass district heat - small | 0.019
Biomass districtheat-large 11]0.000

Heat generation

Source: own calculations
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Utilisation of the energy of water resources ia$ advantageous
possibility. Technologies (varied by size) wereiposed at 3. and 4.
place in the relative ranking. These conversatiethods are the most
favourable regarding ecological impacts and coSsothermal and
wind power plants are found to be in the middlehaf ranking. Cost
and land demand are very low in these cases. Fuortite, geothermal
power plants can be described by high employmdetisf and wind

power with low emissions. However, emissions oftgeomal energy
and negligible positive social impacts of wind aer are

compensating their positive features.

At the last four positions in the relative rankitigree bioenergy
conversation methods were positioned. Sustainghiftue of biogas
production exceeds the sustainability value of l@ssnplants due to
higher local income as well as much lower land dwsanas a result of
utilisation of residues. PV is characterised byhlghest costs and the
lowest local income generation. Relatively high legal damage

was observed as well.

Geothermal district heating systems are the mostouliable
technologies due to minimal area requirement, casts the highest
employment effects. Small-scaled utilisation parfsibetter regarding
local income, but large-scale system is more adwptus due to

much lower specific costs. Some fixed investmenstsoare

15



significantly increased (research, drilling and gk equipments),

therefore the lifecycle costs of a small systenralatively high.

Solar thermal heating is a moderately favourablgoap In this case
the lowest GHG emission and land demand are notiCedtrary, it
generates minimal local incomes on a very highlle¥groduction
costs. The only relative advantage of biomass bhsating systems is
theirs capability for local income generation. Eowimental pressure,

including also land demand, is very significant.

Figure 5. presents results alomestic technology assessment. In case
of power generation, the biogas utilisation is loa top of the relative
ranking, so it is the most advantageous technologgarding
sustainability. Due to utilisation of residues tled demand as well
as ecological impacts of this conversation methozl much lower
than those of other bioenergy options. Howeverjasdmpacts are
positive: the highest per-unit employment and loaatome is
observable. Despite wind power is characterisethéyowest positive
social impacts amongst the involved technologiess positioned in
the second place in the ranking due to low enviremiad pressure and

the lowest lifecycle costs.

Hydropower generation is an efficient, clean, pedfie technical

option which requires also low area. Nonethelebg, decreased

16



employment-potential and local income generatiore qlaced

hydropower technologies on th& 8nd 4 position.

Figure 5. Relative ranking and sustainability valus of the
electricity and heat generation technologies

Agricultural biogas plant 1.00

Wind power plant
Hydro largescale 1

Hydro smallscale 1
Geothermal power plant 1
PVmodeules

Biomass plant

Gasifire

T - T T - T = 1
0.0 0.2 0.4 0.6 0.8 1.0

B Power generation

Geothermal district heat - small 1.00

Biomass CHP 0.99
Institute heating - pellet
Solar thermal heating & hot water supply

Biomass district heat

Biomassnon-grid heat - chips ' 0.00

T
0.0 0.2 0.4 0.6 0.8 1.0
= Heat generation

Source: own calculations

In the assessment of heat generation options higgriechnologies
are differing significantly. Social impacts are gan so the ranking is
influenced rather by the land demand. In case gfegeration the

17



lower lend demand is resulted by the higher amafnproduced
energy, while pellet-based institute heating respiiless land due to
increased energy density. First position of thetlggmnal district
heating is caused by high labour-intensity but land demand. The
solar thermal heating and HWS are the more lanecgfe
techniques. However, immediate sustainability vaisiecalculated

because of low local income generation and higkscos

Since utilisation of energy of wind and hydropoveee positioned at
the top of the ranking, increment in portion ofddesources in energy
mix is at great importance in the energy mix wigesal regard to
sustainability. Furthermore, the utilisation of wienergy is limited
by its negative effect on regulation of the powgstem which is

potentially decreasing if hydropower is intensivesed.

Thesensitivity analysis has a great importance for the interpretation of
the results Table 3). Negatives implies that negative connection is
observable between the change in input variableteadustainability
value of a technology. Thus, the sustainabilityuealill decrease in
case of increment in value of a given attributeghieior technology

parameter.

The local income has the highest influence on diselts in both levels
of analysis in case ofveight-elasticity One percent increment in

weight of local income attribute results in 1.44rgemt increase in

18



weighted average of sustainability values in thebgl technology
assessment, while 1.65 percent increase is obderatkhe domestic
level of assessment. Weight elasticity ratio of Eryiment and land

demand attributes is high as well.

Table 3. Effect of variance of input data on the rsults

Weight-elasticity Technology-elasticity
eW eA
Power Heat

Global Domestic Global Domestic Global Domestic
GHG emission -0.0032 -0.0031 -0.0021 -0.0023 -0.0057 -0.0066
Land demand -0.0119 -0.0128 -0.0038 -0.0037 -0.0059 -0.0088
Other harmful -0.0057 -0.0067 -0.0057 -0.0050 -0.0046 -0.0009
ecological impacts
Increase in costs -0.0040 -0.0068 -0.0053 -0.0081 -0.0080 -0.0126
New jobs 0.0104 0.0129 0.0051 0.0045 0.0042 0.0201
Local income 0.0144 0.0165 0.0084 0.0098 0.0127 0.0161

Source: own calculation

However, assay dechnology-elasticitys even more important than
influence of weights on results. The highest effeetsustainability
value is the local income in case of power genema#t global and
domestic level of analysis as well, 1% incremeatifeto 0.84% and
0.98% higher average sustainability value, respegti Cost-
attribute’s technology-elasticity is also high 68, and 0.81%). The
change in GHG emissions has the lowest effect enagksessment.
Local income and costs are also the strongestenfial factors in
heat generation. Additionally, at the domestic leok analysis the
changes in employment and land demand attribuférslithe values

and the ranking.
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In conclusion, the sustainability assessment oéweble based power
and heat generation is intensively depended ors @o&t local income.
It is important to support technologies with highgartion of local
income generation — facing decreasing cost in libevelopment
toward lower cost requires first of all R + D + kpenditures,
developments in management as well as high qualitgstments;
while the increment of portion of locally expendd#s needs
administration changes and incentive regulationy. eawarded

investments in operative programs.

3.3. Estimation of the optimal Hungarian renewadergy mix

Optimal renewable energy mix regarding sustaingbilcan be
described for Hungary on the basis of renewableggnpotentials
presented in the dissertation and on the resulttheftechnology
assessment. It is not useful for policy uses digbbwever, it helps
to recognise the expected status of each renewablgy source with

respect to their current conditions.

During the estimation of the optimal energy portdothe average
value of sustainable potential of sources wereidensd. The primary
consumption of renewable energy utilised in susialm way is less
than one-third of current requirement. It highlghtpeatedly the

necessity of the decrement in energy needs in lwnt# the

20



remodelling of the energy structure. Present eneggds cannot be

substituted by the actual renewable energy utiisaechnologies.

Table 4. Primary and final energy consumption in tke optimal
energy mix

Technology Primary energy Final energy
consumption,PJ/a consumption,PJ/a

POWER GENERATION

Biogas plant 156.0 78.0
Wind power 15.5 3.1
Geothermal power plant 5.0 0.8
PV 5.0 0.8
Biomass plant 2.0 0.7
Biomass plant, gasifire 2.0 1.1
Hydropower, largescale 2.0 1.7
Hydropower, smallscale 0.3 0.2
Total 187.8 86.4
HEAT SUPPLY
Biomass CHP 50.0 20.0
Geothermal district heating 25.0 21.3
Institute heating - pellet 18.0 14.4
Solar thermal heat and HWS 17.0 6.0
Biomass district heating 1.0 0.8
Biomass non-grid heating - chips 1.0 0.8
Total 112.0 63.3
TOTAL 299.8 149.7

Source: own calculations

The energy mix described above is able to supmy4®f6 of power
consumption. The district heat is fully suppliedowever, the needs of
non-grid heating energy serving installations canshtisfied only at
8%. The largest deficiency is observable in casehef non-grid
heating which implies also the demand for the imeBt in energy

efficiency. Consequently, concentration of enerfficiency measures
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In this sector is suitable. For instance, subvenfaaming energetic

modernisation is appropriate tool of supportinghis case.

Figure 6. Optimal Hungarian energy mix with regardto
sustainability; %

0.77

® Bioenergy
B Solar energy
B Geotermics

B Hvdropower

Optimal

B Wind energy

B Hydropower
B Wind power
B Solid biomass
= Geotenmics

M Eiogas

® Splarheating
u PV

B Waste utilization

Biofuels

Hungary, 2010

Source: own calculations

Current portion and role in optimal energy mix tietrenewable
energy sources is presented in Figure 6. Compattweg ratio of

biomass in energy mix in 2010 (81.2pavith the optimal level, the

L without biofuels
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biomass ratio in optimal mix is lower (76.7%), hawg it is still

bioenergy-based. The solar energy plays signifioaletin the optimal
mix. Additionally, the consumption of geothermabdanind energy is
duplicated. Nevertheless, more intensive energgilisation of water

resources is expected only if it will be politigaliccepted.

This mix is optimal from the sustainability viewpai The portfolio is
far from the optimal with respect to costs or emiss into the
atmosphere. For instance, in spite of utilisatibsaar energy is one
of the most expensive options both in power and gerneration, the
solar energy content of the optimal energy mix reg

sustainability is 7.34%.

3.4. Verification of hypothesis

Results regarding H1 are influencing intensivelg jadgement on
other hypothesises, because the weights as reveadéetences of the
experts are determining the results of technologsessment.
Hypothesises H2 and H3 has been rejected, whilartdlH4 has been
verified. In this section, the background of thedecisions is

presented.
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H1

PRIORITIES OF HUNGARIAN EXPERTS ARE GIVEN FOR THE
ECOLOGICAL AND SOCIAL ASPECTS OF THE UTILISATION OF
RENEWABLE ENERGY SOURCES.

The ecological impacts of utilisation of renewableergy sources are
very importance according to experts, which resolgets my
assumptions. The preferences regarding GHG emissnoh ‘other
harmful ecological impacts’ are rather low, whilbet attribute
describing land demand has a prior significancedatisions f§

coefficient = -0.03243). However, this attributestedlso economic and
social aspects; it is difficult to assign it intched dimension of

sustainability.

The significance of specific social attributes isequivocally: thef
coefficients of local income and employment arehh({§.028354 and
0.02246). These attributes are characterised \Wwihsecond and the
third strongest weights in the assessment baseth@rCE survey.
Importance of the cost attribute as the only strextonomic
characteristic is moderat@ € -0.01656). The attribute with lowest
Importance is the energy efficiency according tpests, which was
not involved into the assessment because of the dactatistically
significant connection with the expert’s choic&his hypothesis has

been verified.
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H2
BIOMASS UTILISATION TECHNOLOGIES ARE MORE BENEFICIAL
WITH REGARD TO ASPECTS OF SUSTAINABILITY .

The importance of the land demand is very high ating to revealed
preferences of Hungarian experts. In spite of #ut that those social
Impacts are also high evaluated by them, the brggneonversation
methods are less beneficial options according ebajland domestic
assessment as well. Bioenergy technologies aréigpueil on 7th, 9th
and 10th place in the global assessment of powearerggon

technologies, while they are at the end of thetik@aanking in heat

supply globally (positions 5-7th).

In the domestic assessment, some bioenergy teaasl@are more
positively evaluated on the one hand: biogas plargsat the top of
the ranking in power generation due to its higlaaolur demand in
Hungarian literature. On the other hand, other ieogy technologies
(biomass plant and biomass gasifire power plang) ar the last
positions. Biomass utilisation technologies wer ltlest positioned in
the domestic assessment of heat supply optionsm&s based
cogeneration and pellet-based non-grid institutdihg are the second
and the third options. In fact, on the last two if)m3s are also

bioenergy technologie3he hypothesis has been rejected.
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H3
SMALL -SCALED TECHNOLOGIES ARE RELATIVELY ADVANTAGEOUS
REGARDING SUSTAINABILITY .

There is no strong correlation between size anthsadility value of
a technology, so it is not possible to take a stamdhe advantage of
the decentralised or centralised energy supplyrdaga sustainability
on the basis of the result of the dissertation. fEha&tion of the small-
scaled and large-scaled utilisation of a renewalergy source is
mainly influenced by the per-unit costs and labdemand in the
assessment. It is clearly shown in case of globsdssment; the small-
scaled technology of hydropower is characterised logher
sustainability vale. Contrary, if two different $es of geothermal
district heating are compared, the large-scaleegyss advantageous
due to much lower per-unit costs which are comp@mgdower per-
unit employment. The individual power generatiorWV)YRand heat
supply technologies are positioned rather at th& @nthe relative
ranking. The pellet-based non-grid heating is thly exception.The

hypothesis has been rejected.

H4
THE OPTIMAL RENEWABLE ENERGY MIX OF HUNGARY IS
BIOMASS-BASED.

The optimal energy mix of Hungary regarding susthility based on
renewable energy utilisation technologies involvadto the

sustainability assessment is able to provide ahn$9.8 PJ for
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primary energy consumption, while 149.7 PJ for Ifiaaergy uses.

Priority of decrement in energy requirement camcdrecluded.

The optimal energy mix presented in the dissenatie only
estimation. Nevertheless, the energetic biomadssation remains
significant considering Hungarian technical and negoic
circumstances, with special respect to limits cftaunable utilisation
of resources. According to the estimation, the lassAbased part of
the primary renewable energy consumption is 76.A2Bich is lower
than the present portion (approximately 90%), bid still the basis of
renewable energy utilisation. Biomass in estimateat is partly
substituted by solar and geothermal energy (7.34&018.01%).This

hypothesishas beembsolutelyverified.

Every hypothesis has been evaluated. Further impbresult of the
research is the case study displayed in $absection 5.6 of the
dissertation which proves the usefulness of thetaswbility

assessment frame on project level. One of the durthms of the
research is to enlarge the assessed group of tegmes Furthermore,
the periodic revision of the analysis is very intpat from scientific
and policy point of view. The practical usage can defined at
different time scales; operative programmes framiagergetic
subsidies are takes seven years, while revisiaoofestic supporting

systems is optimally repeated in every one or teary.
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4. NEW AND INNOVATIVE RESULTS OF THE
DISSERTATION

Sustainability assessment of renewable based poavel heat
generation technologies was aimed in the dissernaly motivation
was the contribution to the approaching of the anable energy
management. In this context the main result of idwearch is the
relative ranking of technologies at two levels. Th#owing points
contain major conclusions of the research as new ianovative

results of the dissertation.

1) Three criteria of appropriate sustainability asses® model were
revealed by the analysis of former sustainabiligsessment
applications, i.e. complexity, ability for relativanking and the
weighting. An assessment method was establishedhwdantains
advantageous features of the known methodologia@s.i$ a non-
compensatory multi-criteria assessment with cateweighting
based on choice experiment (CE).

2) Choice experiment (CE) was used for the revealingreferences
of experts regarding utilisation of renewable egesgurces, which
Is a relatively complex problem. This methodologgswrarely
applied in Hungary on this research field.

3) According to these experts, the most important adttaristics of
renewable energy utilisation technologies are dimel [demand and

social impacts, i.e. increase in employment ancalldocome
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generation. Priorities are given for these attesutduring
comparison of several renewable energy based téxdias.

4) Concentrated solar power (CSP), hydropower as wadl
geothermal power plants are favourable power géoara
technologies at global scale, while biogas plamig)d power
plants and hydropower are advantageous if natiomadlitions are
considered.

5) Globally, geothermal district heating and pellesdéxd non-grid
heating are relatively advantageous in case of sigaply. At the
domestic level of analysis, relative advantageeuftgermal district
heating and biomass CHP was revealed.

6) In contrast with the present conception, more isiten utilisation
of energy of wind and water resources is advis@u;esthese
technologies are favourable with regard to sushdlita

7) More than two-third of the optimal Hungarian enemgi is based
on biomass considering the primary energy consumpti
Importance of the bioenergy utilisation will remainhigh level.

8) The sustainability assessment is able to helparetitablishment of
macro-scaled supporting systems due to identiGoatof the
relatively advantageous technologies.

9) As it is proved by the case study in the dissematihe introduced
assessment frame is useful project assessmenasoekll. It can
be applied in the phase of decision making or eweproject

evaluation in supporting systems.
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5. THEORETICAL AND PRACTICAL UTILITY OF THE
RESULTS

Renewable energy technologies have their own welan

advantages and disadvantages; comparison of thialdeaoptions is
absolute necessary. Nevertheless, for the strapdgnmning on global,
national and regional level, there is a great dehfanthe comparison

of possible utilisation technologies of renewablergy sources.

Sustainability assessment is a potential tool ieréx ante evaluation
of the EU supported national energy connected tiperprogrammes.
Ex ante evaluation is a preventive analysis ofdkgected effects of
the actions. This process is required by the Ewopénion in case of
the operative programs and it can possibly manageubsidies in the
direction of more beneficial renewable energy saifion technologies

regarding sustainability.

Consideration of the sustainability in the opemtprogrammes is
solved; however, there is still space for more eatteuevaluation of
project plans. More aspects of sustainability, or harizontal
sustainability assay could be used if projectsisitify renewable
energy sources are analysed. In operative programpassibility of
technology deifferented subsidies is expected. depchl effects or

efficiency aspects are the possible basis of thatian.
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The reform of the Hungarian supporting system oieveable power
generation (feed-in-tariffs) is planned to renew Hye strong
differentiation of possible technologies based @e snd technical
parameters. The differentiation would decrease phafit surplus
caused by the subsidies towards lower consumer nexpees
connected with the structural changes in energedector.
Differentiation of technologies allows incrementefficiency of other
supporting systems aiming more intensive utilisatmf renewable

energy sources (e.g. supported interest ratethéontestors).
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