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Abstract

The paper aims to answer the question about tieeofolCA in Foresight projects. Five clean coal
technologies are under consideration: integratsdigation combined cycle with oxygen gasificatiamd
with air gasification, pulverized coal combustioithasupercritical parameters, atmospheric circogti
fluidised-bed boiler and oxy-combustion. The agticbmpares results of assessments of above mehtione
technologies by different methods: by experts ifoesight and based on calculations from LCA.
Optimization of the technologies performed on thsib of different criteria showed that involving AC
is entirely appropriate and allows to accomplisipamial results because LCA unlike experts’ analysi
takes into account factors, which have consideratgact on natural environment.

Zastosowanie metody LCA w projektach foresight na pykladzie weglowych
technologii energetycznych

Streszczenie

Projekty typu foresight majna celu wyznaczanie kierunkdw rozwoju danej dziegdpraz wsparcie
dla proceséw podejmowania decyzji politycznych wmmdarce, nauce lub finansowaniu higdameto-
dyka foresightu jest wykorzystywana, etizy innymi w obszarze ochrodyodowiska do oceny natiwo-
$ci wdrazenia technologii przyjaznyckrodowisku. Jednz metod wartych zastosowania w tego typu
projektach wydaje giby¢ metoda oceny cykliaycia (LCA). Celem artykutu jest analiza miwosci
zastosowania oceny cykiycia (LCA) w projektach typu foresight.

W ramach artykutu przeanalizowan@dczystych technologii eglowych: uktad IGCC ze zgazowa-
niem tlenowym oraz ze zgazowaniem powietrzem, kpiowe na parametry nadkrytyczne, atmosfe-
ryczne kotly fluidalne z warstycyrkulacyjm oraz spalanie w czystym tlenie. Ngmtie poréwnano
wyniki priorytetyzacji technologii z uwzgdinieniem ocen eksperckich w zakresie bezpiestwea ener-
getycznego i mziwoéci wdrozenia technologii, sprawidoi technologii, kosztéw stalych i zmiennych
oraz awaryjnéci technologii, jak réwniena podstawie wynikow LCA.

Stwierdzonoze uwzgédnienie w analizie eksperckiej wynikow obligzenetody LCA spowodowato
niewielkie, lecz zauwlne zmiany w rankingu technologii. Obliczenia nugtbCA uwzgledniajg czyn-
niki, ktdre mag istotny wplyw na oddziatywanie ri@odowisko, ktore trudno jest uwzghic w ocenie
eksperckiej. Z tego wzegllu, whczenie LCA do etapu priorytetyzacji technologii anrach foresightu
jest jak najbardziej celowe i pozwala na uzyskaei@iejszych i bardziej obiektywnych wynikow.

INTRODUCTION

Technology foresight is a set of processes enahtinlfj-dimensional assessment
of future trends in technology development on tasi®of the current state of science,
technology and social awareness as well as the biekween them (Czaplicka-Kolarz,
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red. 2007b). In recent years, this methodology fiedhto diagnose more frequently
crucial, social and economic problems over varigpans of time, it is also becoming
an instrument of prognosing and decision makingdse of technologies dealing with
energy safety, to which utilization of coal eneapnversion belongs, is of particular
importance.

The question, to which the authors of this artleleavour to find the answer, is:
should the LCA of specific technologies be takdn itonsideration while determining
critical technologies and their role in visions dacesight scenarios respectively? And
if so, should application of multi-criteria optinaizon, including aspects of LCA and
key factors determined by expects, take place haddsults of this sort of analysis
form a basis of further work performed by experts?

This article aims to answer the questions poseteabo

1. USE OF LCA IN FORESIGHT PROJECTS

The objective of foresight projects is to determdhiections of development in
a given field as well as support for the procesdenaking political decision in econ-
omy, science or financing research. Foresight nofogy is utilized among others in
the sector of environmental protection for the sssent of environmentally friendly
technologies. One of the methods worth implemeritinhese types of projects seems
to be the Life Cycle Assessment (LCA) method.

Methods applied in foresight projects differ corsably from the LCA method.
Foresight is used for very general assessmentcbhtdogy based on general techno-
logical data, and it is aimed at creating a scenaridevelopment strategy for the field
under examination. The LCA, by contrast — is a yamcise method, it refers to spe-
cific technology. The purpose of the LCA is to gaout an assessment of the influ-
ence on the natural environment based on accuedtelations referring to all
processes, which take place in the whole life cgéla given product or technological
system, i.a. with respect to energy, material @vd material consumption. The analy-
sis of life cycle is undertaken on the basis ofenity existing technologies, whereas
foresight methods refer to the future and are basethe probability of certain phe-
nomena occurrence.

Notwithstanding the above mentioned difficultieembination of these methods
can be fruitful. The LCA method allows to determimbich sphere of influence has
the biggest significance in case of technology uredamination — influence on natu-
ral environment (including acidification, eutropdesion, photochemical oxidation,
depletion of the ozone layer, greenhouse effeatlyence on ecosystem (toxicity of
seawater, fresh water as well as soil), or itsotfé® human health (toxicity, carcino-
genic effect). Moreover, it allows to compare diéfiet technologies and products and
choosing the most optimal one, but also to analyeegiven technology with respect
to possibility of introducing changes in order toprove its environmental impact.
Within the works of STRATA as a result of the dission held, the most important
guidelines for assessment of environmental teclgiedoin technological foresights
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were defined in PRECAUPRI projécis a result, it was stated that the possibility o
minimization or avoidance of negative impact oniemment should be one of the
most important assessment criteria. Furthermomgad acknowledged that one of the
most preferred methods of assessing impact on@mmient is the LCA.

In (Czaplicka-Kolarz, red. 2007a) the applicatidrttee LCA method in foresight
projects was discussed, i.a.: Green Technologyskgire— 81 Options for the Envi-
ronment, Danish Foresight about Environmentally Friendipdicts and Materials
(Green... 2005) and in the LCA project Perspectiie-Qycle Assessment on Wind
Power Technology by 2020 (Dannemand, Bjerregaard).

In the first mentioned project, the influence obpting systems of environment
protection in various technologies on these praeesfficiency and effectiveness was
analyzed, and its aim was to motivate the decisiakers to actions fostering the
development of more effective, environmentally idéy technologies. As a result of
the analysis it was stated that 60 out of 81 emwirentally friendly technologies have
a positive influence on the efficiency of the prezand the effectiveness of technol-
ogy development. The assessment of its influencemronment has enabled the
identification of technology development scenaiimsnacro-political and economic
aspect. Combining foresight methodology with theAlltas made it possible to pre-
sent the following findings, which could be the isa political decisions:

» price regulation of fossil fuels is the biggest talste for high-performance, envi-
ronmentally friendly energy systems,

* public and private scientific research, knowledgmsfer and well-directed na-
tional policy should support the dynamic develophwriechnology,

» price regulation by the government should supguetgossibility of existence of
certain technologies in the market,

» supervision and intervention by the government &hetimulate the development
of environmentally friendly technologies.

The aim of the Danish project was to identify asdess chances and scientific
and technological possibilities of environmentdligndly technologies in Denmark.
The outcome was to identify spheres, in which iratime environmentally friendly
technologies could become not only a solution fl@gical problems, but also con-
tribute to business, production and consumptioreld@ment. In another Danish pro-
ject, which was a continuation of the project dibsz above, analysis of environment
potential and the main environmental threats indpleeres of nanotechnology, bio-
technology and information-communication technolegys carried out. The project
was i.a. directed at the analysis of future, iniseasolutions in the sphere of envi-
ronment protection. Using the LCA methods to as$ese environmental aspects
has shown a few crucial aspects, e.g. that infleencenvironment is not always re-
lated to a particular process or material, butissalt of the activity in its entirety. It
has led to a conclusion, that complex legislatwleittons during the processes of im-
plementing new solutions are needed. Foresigh@alsasshown, that the analysis of

! hitp://www.risoe.dtu.dk/rispubl/sys/syspdf/borupppr.pdf (accessed 2.11.2009)
2 Tanre.
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positive and negative aspects of influence on enwirent enables to find solutions to
the problems in their initial stage, and also afide create and adopt optimal techno-
logical development scenario in accordance withrdites of sustainable development.

The aim of another Danish project utilizing LCAtechnology foresight for the
wind power plants assessment was the analysisraf turbine impact at the produc-
tion and disassembly stages in a long term as agetletermining currently available
possibilities of waste disposal. In the project,ALGf existing wind power plants as
well as future systems was conducted. The LCA tedwdve shown, that end of tur-
bine’s life is worth particular attention — disastdy stage and waste disposal, with
which the biggest influence on environment is cated and changes of applied ma-
terials should be taken into consideration in titarie being analysed.

2. SELECTED MATURE AND EMERGING TECHNOLOGIES IN COA L
BASED POWER GENERATION

Technologies, which aim is to generate heat aneliectrical energy from coal,
can be generally divided into two groups: techni@ledn which coal is directly com-
busted and technologies in which gas produced babal is utilized. The more de-
tailed division of technologies based on hard @al brown coal is to be found in
Table 1.

Table 1. Division of technologies in coal mining industry

No. Technology group Technology type
1.1 Moderate supercritical parameters
1 | Pulverised coal combustion 1.2_Increased superctitical parameters

1.3 Ultra-supercritical steam parameters

2.1 Atmospheric: under-criical and supercritical
2 | Fluidised bed combustion 2.2 Pressurized (PFBC)

2.3 With circulating fluidized bed (CFB)

3.1 Air-blown gasification

3 Integrated coal gasification 3.2 Oxygen-blown gasification
combined cycle (IGCC) 3.3 Partial gasification: GPCCC, A-PFBC, GFBCC
3.4 IGFC units with fuel cells
4.1 New units
4 | Oxy-combustion 4.2 Retrofit

4.3 CRB Oxy-combustion

5.1 Coal combustion with the use of chemical looping as Oz carrier

5 | Chemical Looping O2and CO2 | 5.2 Coal gasification with the use of chemical looping as Oz and CO2
carriers

For further analysis with LCA and foresight methdide energy technologies
were selected, which seem to be most significariegrated gasification combined
cycle IGCC with oxygen gasification and air gasifion, pulverized coal combustion
with supercritical parameters, atmospheric ciraodpfluidised-bed boiler as well as
oxy-combustion. A short discussions of selectecesypf technologies are presented
below (Czaplicka-Kolarz, red. 2007a; 8zkt al. 2009).
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Pulverized coal combustion with supercritical paraneters

Owing to supercritical parameters of steam, in etiked-fuel boilers with super-
critical parameters, improvement of water circalatiin power plant is obtained.
However, hydrodynamics of steam-water cycle in sholier differs considerably
from traditional boiler and high temperature stesssan occur. For the construction of
boilers creep-resisting, ferrite- martensitic andtanitic types of steels are used. Pa-
rameters of steam amount to around 25 MPa and 60®iGher development aimed
at attaining temperature of 700°C and 37.5 MPa eglend on the progress in the
field of materials engineering. Hitherto, the laaga Poland once-through unit super-
critical CFB boiler with supercritical steam parders of 460 MWe (Foster Wheeler)
is installed in Lagisza power plant.

Power units with fluidised bed

Technologies of combustion in fluidized bed ardidggished by flexibility in
comparison with fuel — substantial amount of th@ad# in a boiler causes that
changes of fuel properties, such as calorific vameisture or ash content do not
cause either changes of combustion temperaturdnarges of generated heat flux.
Co-firing of various types of fuel as well as usfugls of low calorific value is possi-
ble. Additional advantage of CFB boilers is lowenaunt of damaging pollutants
emitted into the atmosphere. Its disadvantageweilabsolute efficiency in compari-
son with pulverized-fuel boilers, however, it isssible to obtain lower temperature of
exhaust gas outlet. Mineral of the deposit in filsedl bed consists of limestone, which
captures sulphur in the combustion process. Dukdaise of air with oxygen deple-
tion at the first stage of combustion, and then lmostion of gas, occurrence of nitro-
gen oxide is avoided and steady temperature digimib in the chamber is obtained.
Fluid technology, as a technology compliant withTBAs recommended in the EU
reference materials for large combustion sources.

Integrated gasification combined cycle (IGCC)

In IGCC, coal gasification is used in order to gate gas, which main compo-
nents are hydrogen and carbon monoxide. Gas cartilmed as a biomaterial for
chemical synthesis or can be combusted in a ghs&im order to generate electrical
and thermal energy. Composition and quality of gateel gas are dependent on gasi-
fication medium, conditions in which reaction isreed out, composition and quality
of fuel. Gasification medium can be air (air gasifion) or oxygen (oxygen gasifica-
tion). In the IGCC, gas generated out of coal afiedusting and desulphurization is
combusted in gas turbine. In generator the enefdyobexhaust gas is used to pro-
duce electrical energy, and then in HRSG waste dfethie gas generates steam, which
drives a steam turbine interconnected with sepa&tatdric generator. There are many
IGCC systems in the world. The technology is be&léto be interesting and it is de-
veloped fast. Pollutants are removed before gaensbusted in a turbine, and during
combustion there is less emission generated.

Oxy-fuel combustion
Unlike conventional combustion technologies, indted air, oxygen from air
separation unit is supplied for combustion. Duedmbustion in oxygen, waste gas
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contains hardly nitrogen, that is why carrying satjuestration of carbon dioxide is
much easier. CQincluded in waste gas is partially recycled andeaiwith oxygen
for combustion so as to avoid quick corrosion @& ttevices. Technology is at the
stage of pilot plant of the power of a few MW. metyear 2008, pilot power plant
Vattenfall, Schwarze Pumpe of the power 30 MW w@k, trapping was com-
misioned. Considerable influence on technologythasievelopment of technology of
producing pure oxygen.

3. METHODOLOGY OF TECHNOLOGY FORESIGHT IN COAL BASE D
POWER GENERATION

Primary energy consumption as well as requisiteenails consumption in techno-
logical process and emissions of harmful substaacesot the sole subject of tech-
nology assessment. These factors are extremelyriemgdbecause of their influence
on the environment. However, for experts use of L&@Astitute only one element of
detailed analysis of the technology and developicgnarios of technological devel-
opment in a given field. To what extent does tiésnent become substantial in case
of the technology of energy efficient use of coal?

Experts working on the project téchnology foresigh&im to examine possible,
probable and preferred versions of the future. ki asis of their knowledge they
should envisage long-term technological solutioms$ define key technologies. Inter-
active and requiring commitment from various pgaats method of discussion and
analysis, allows the assessment of likelihood anelts connected with implementing
particular technologies. Experts formulate strategsions, identify actions which
need to be taken in order to develop technologyferadly formulate the development
scenarios.

Foresight always conveys the vision enclosed irséemario description.

For future technologies (which are at present at their rebeatage, for which
prototype systems do not exist, but they are beéewgloped and implementegypto-
type (which are not utilized, but we are dealing witte tstage of prototype system
construction, in case of which their weaknesses aags of eliminating them are
known) andindustrially mature(technologies employed at present, whose furtser u
is well-founded) — a list of technologies along wWiSWOT/STEEP analysis is
achieved.

Prioritization of such a list of technologies issbd on its limiting to critical tech-
nologies fulfilling the applied criteria to the atest extent. With respect to technolo-
gies of energy efficient use of coal, to such datbelong: ensuring energy safety and
possibility of implementing technology. Technolagievhich achieve good rating of
both parameters of the assessment become candidiatke final list ofcritical tech-
nologies

Key factorsare those, which combine in itself the interactiorce with a great
deal of correlation, indicating, which actions shiblbe considered as a priority in the
process of technology development. The group of feeyors consists of i.a. costs,
failure risk, safety and the possibility of implentieg technology itself, social accept-
ability etc. On the basis of key factors and tleeivisaged behaviour, a few options of
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development of the background environment are ttreated. Each option encom-
passes the same list of key factors. The differdreteseen options comes down to
diverse behaviour of individual factors. The masadible options are then used in
further formulation of development scenarios ohtemlogical advancement.

Key technologies applied simultaneously createlmnene visions of sector’s de-
velopment, and in combination with key factors ersrios. In this way, methodology
of technology foresight applied in various projeofssimilar type can be outlined
briefly (Czaplicka-Kolarz, red. 2007a, 2007b, 2008308b; Turek, red. 2008).

In case of technology of energy-efficient use oélc@xperts were asked for an
assessment of the technology in context of ensuemgrgy safety; moreover, they
were asked for estimation of the possibility of lenpentation (or of further existence)
of these technologies in Poland. What is more, #ggeok power efficiency, fixed
and variable costs of the technology and energguwoption for own purposes into
account and also estimated failure frequency oteéblenology.

Results of the assessment (as arithmetic meartiofisaof about 30 experts) are
shown in Fig.1.
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Fig. 1. Results of technology assessment by experts
Rys. 1. Wyniki oceny eksperckiej technologii

Assuming equal importance of key factors, in exgavpinion the highest total
evaluation achieved combustion in atmospheric Gtmg fluidized bed (ACFB).
Subsequent places in the rating were taken bygriated gasification combined cycle
with air gasification IGCC-air, integrated gasiticm combined cycle with oxygen
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gasification IGCC-oxygen, oxy-combustion and pukest coal combustion with su-
percritical steam parameters.

4. LCA OF SELECTED CLEAN COAL TECHNOLOGIES

Life cycle assessment for selected five technotogfgpower generation was car-
ried out with the use of Sima Pro programme. Thetional unit was 1 GWh of gen-
erated energy. The fundamental input and outpumeiés for analyzed technologies
are juxtaposed below (Table 2).

Table 2. Selected inputand output mass flows of clean coal technologies

Pulverized coal | Fluidized
. IGCC . . Oxy-
Unit IGCC air combustion bed :
oxygen (supercritical) | combustion combustion
Coal Mg 37200 | 43215 379.35 161.19 3929
Input Electricalenergy | MWh | 123.02 121.9 0.06 1.00
elements Water Mg 10725 | 19994 2.243 2199.2
Absorber Mg 20.45 15.32 38.53 5.08
Oxygen 2100 m3 8064 Mg
Electrical energy | GWh 1.00 1.00 1.00 1.00 1.00
CO2 emission Mg 34066 | 41141 763.26 28848 84.6
S0: kg | 4179 | 023 0.19 024
emission
Output NOx kg | 15142 | 0.6 059 0.29 3008
emission
elements co
o kg 135.68 0.48
emission
Emission — dust kg 35.55 0.04 0.03 0.08 30.1
Sewage Mg 10135 | 19128 38247
Solid waste Mg 50.96 48.72 30.72 30.1
Table 3. Calculated environmental impact of selected technologies [Pf]
Pulverized coal| Fluidized
Impact category ogggn IGCC air | combustion bed ¢ om?)tl‘gtion
(superecritical) | combustion
Carcinogenicity 45400 | 22.20 19.10 5.87 430.51
Respiratory problems — org. 3.32 0.23 0.24 0.06 5.71
Human Respiratory problems — non-org. | 1750.00 | -625.00 1780.00 1280.00 4900.20
health Climate changes 2320.00 | 2270.00 4190.00 1580.00 2257.04
Radioactivity 0.10 0.12 0.02 0.00 20929
Ozone layer depletion 0.97 0.08 0.07 0.02 2.76
Human health in total 4528.39 | 1667.62 5989.43 2865.95 7805.50
Ecosystem Ecotoxicity 15200 | 1040 10.40 2.66 222.09
qualiy Acidification 20200 | -3340 286.00 150.00 48645
Soil utilization 76.30 6.01 8.38 1.86 1345.31
Ecosystem quality in total 43030 | -16.99 30478 15452 2053.84
Minerals 2.84 0.47 0.42 0.09 70.65
Resources I sesi uels 4780.00 | 3460.00 | 3460.00 121000 | 6717.19
Resources in fotal 4782.84 | 3460.47 3460.42 1210.09 6787.84
TOTAL 9741.53 | 5111.10 9754.60 4230.60 16647.18
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In the Table 3 results of LCA are presented. Maglatof the impact of selected
five technologies on natural environment in arefalsuman health, ecosystem quality
and resource depletion is given in Ecopoints [Pt].

The biggest impact of combustion processes is wbdein human health cate-
gory, which is connected with climate changes, dds® respiratory problems which
stem from the presence of non-organic compoundsouRees depletion is the pre-
dominant impact of gasification processes, whicteiated to fossil fuel consumption

(Fig. 2).
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IGCC - oxygen IGCC - air Pulverized coal ~ Fluidized bed ~ Oxy-combustion
-2000 - combustion combustion
(supercritical)
Fig. 2. Scale ofimpacton particular categories for selected coal technologies
Rys. 2. Wielkosci oddziatywan w poszczegdinych kategoriach dla wybranych technologii weglowych

The analysis has shown the following order of tetbgies of power generation
from coal according to their increasing impact lo@ €énvironment
* Fluidized-bed combustion (ACFB).
* Integrated gasification combined cycle with airifieation IGCC — air.
* Integrated gasification combined cycle with oxyggmsification IGCC — oxygen.
» Pulverized coal combustion with supercritical pagters.
* Oxy-combustion.

This order reflects the level of technology matuvitith respect to their influence
on environment.
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5. OBJECTIVE FUNCTION AS AMETHOD OF OPTIMIZATION
IN PRIORITIZING TECHNOLOGIES OF COAL-BASED POWER
GENERATION

Optimization of processes with several responsearised out on the basis of one
criterion with constraints in the form of equaldy inequality. One of the most com-
mon ways of solving optimization process problerthwnultiple responses is adopt-
ing generalized choice function developed by Haidn. In order to obtain choice
function D, measured values of responses are transformediiim&nsionless choice
scaled. It is individual subjective value of choice fuioet. It is related to achieved
resultsy with a following relation

d = exp[-exp(-y,)] 1)
where:
yi=by+1hy,
y — result of the measurement,
bo, by — coefficients, which are determined for two valy@etermining appropri-
ate values of choice functiah(preferably 0.2 <d < 0.8).

On the basis of responses transformed into shaléth the use of arithmetic op-
eration a given overall choice coefficiddtcan be achieved. Moreover, if one of the
responses will be absolutely undesirable — ovetalice function will be equal to 0,
irrespectively of values of remaining results. Mattatical expression fulfilling this
condition is arithmetic mean of individual choias€tions:

1
D =(d, [, 0.0 )" 2
where:n — number of measurements.

In this study, ag; values, the following data being experts’ assessitiera scale
1-5) was adopted for an analysis:

y1 — ensuring energy safety,

y» — possibility of implementing technology,

ys — technology efficiency,

y4 — fixed costs,

ys— variable costs,

Vs — technology failure frequency.

Results of experts’ assessment for five selectetinelogies are presented in
Fig. 3. Asy; total value of ecoindicator was assumed, calcdlbieLCA and specified
in Table 3. In this case minimum was searched vapimizing the functiord,.

For the described seven values of individual chdigection, value of choice
function D was found in accordance with the relation (2). Tdsults have been shown
in Fig. 3

Pulverized-coal combustion and fluidized bed contibasfulfii complex re-
guirements better than gasification and oxy-conibnst
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Fig. 3. Values of individual choice function di as well as value of overall choice function D for selected coal based
power generation technologies

Rys. 3. Wartosci szczeg6towych funkciji wyboru di oraz wartos¢ uogdlnionej funkcji wyboru D dla wybranych analizo-
wanych technologii energetycznego wykorzystania wegla

CONCLUSIONS

Taking into consideration the results of experssessment in the scope of energy
safety and the possibility of implementation ofheclogy — the five technologies
under examination have been put in the followindeor pulverized-coal combustion
with supercritical steam parameters, atmosphericuliting fluidized-bed ACFB,
integrated gasification combined cycle with oxygegasification, oxy-combustion,
integrated gasification combined cycle with airifieation.

In the second approach, taking additionally subsetjcriteria, i.e. technology ef-
ficiency, fixed and variable costs as well as tedbgy failure frequency (criteria des-
ignated ags, Y4, Vs, Vo) — the order is as follows: atmospheric circulgtiluidized-bed
ACFB, integrated gasification combined cycle wiih gasification, integrated gasifi-
cation combined cycle with oxygen gasification, @ombustion, pulverized-coal
combustion with supercritical steam parameters.

The LCA results put the technologies in the followiorder: atmospheric circulat-
ing fluidized-bed (ACFB), integrated gasificationnebined cycle with air gasifica-
tion, integrated gasification combined cycle witkygen gasification = pulverized-
coal combustion with supercritical steam parametaxg-combustion.

Final optimization with the use of D function givie® result:
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» Pulverized-coal combustion with supercritical paetens = Atmospheric circula-
ting fluidized-bed (ACFB).

* Integrated gasification combined cycle with airifieation.

* Integrated gasification combined cycles with oxygesification.

» Oxy-combustion.

The analysis carried out indicates that the mostdeable results of assessment
obtain technologies of high maturity level, wher#das poorest results seem to achieve
technologies connected with oxygen utilization.

Combining the result of LCA with the results of ex{s’ analysis caused slight
but noticeable changes in technologies ranking. lt&k% into account factors, which
have considerable impact on natural environmenf. (efluence caused in building
and demolition stages, influence caused by prodnaif consumed material and envi-
ronmental burdens connected with end of life staghj)s is difficult to provide for in
experts’ analysis. Due to that fact involving LCA fechnology prioritizing stage
within foresight framework is entirely appropricaaed allows to complete impartial
results.
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