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European Union has set ambitious target for greenhouse gases emissieductionto reducethe
impactof the energysectoron globalwarming. The set goals foresee a decreasé@¥ by 230 and

807 95% by 2050. It is thus essentialaddress efforts in the residential sectorias responsible for

40% of the current total energy demanth this perspective idtrict heating and cooling plgyn es-
sentialrole as centralized management for space heating/cooling fr@ven to be an effective way

to reduce energy intensity (GZxWh). Furthermore, in 2017 the European Commissiaghlighted

the relevance of moving towards a circular economy in energy systems, especially related to the use
of waste energy and wastm-energy, as inputs for reducing or avoiding landfilling and theafseon
recyclable and hazardous waste materials.

The integration of renewable energy sources ahduse of more efficient heat generation equipment
when compaed to individual heatingGreen House Gas (GH@)missionsfrom the district heating
sectorcanreducethe overall amount of GHG emissions within the procédsese features contribute
to the reduction of both climate change and other environmental isgiBsstolozzi, et al., 2017PDne
of the main benefits br centralized heat generation is the possibility tpenerate both electricity and
heat in cogeneration plants simultaneouslyhe effect is & increase the overall efficiency and de-
crease the primary energy consumption when comparingaaventionalheating plants occondens-
ing power plantsThe use oéxcess industridieat as a thermal source for district heatiognreduce
overall fuel consumptionHowever, the main challeng® overcome is the decrease oheat losses
occurringwhen the heat is transmitteéor long distances.

The decrease of residential building heat consumption arises the necessity of changing the opera-
tional conditions of district heating systesn New buildings have higher energy efficiency perfor-
mance therefore, heat density in newly built aresadecreases. One of the lately discussed solutions
for district heating companies to adapt to the new conditions is oriented towards the reduction of the
supply water temperature. The low temperature district heating system concept provides innovative
solutions in allthe district heating system componentsi.e. heat source, heating network and heat
consumer. Low temperature district heating systems can lower energy losses, etiliass industrial
heat more efficiently, balance the renewable energy ie #lectricity grid and have strong economic
potential if adequately implemented. &imations on low temperature district heating showeaghos-

sible reduction of heat loss by 75 % comparing with medium temperature district heating sysiem
2014)

The future urban developmerdims to achievebetter environmental performancg however, re-
search evaluating the environmental impacts related to this kind of infrastructure from &\t
perspective istill in its primary stage.

There is a lack of holistic approach to assessingpbiential transition of District Heating Systems
(DHS to environmental sound DHs including both the possible useenéwable sourcesnd the
overall refurbishment of the technological DH system concepterms of energy productiondistri-
bution systemsand end of life. Moreover, there is a lackbehchmarking scenariosecessary to op-
timize the DH environmental performance also from an etEsign perceptive
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In this direction, the concept of the Liféycle Assessment could be an essential quantitative method
to cover this gap.

Several studies are dealing with LCA on (#érsson, 2006)Perzon, 2007)but only a few of them
provide a complete mvironmental assessment of a DH network. This aspect shows a lack of involving
the evaluation of the effect of a specifieighbarhood, including all the DH parts startinfigom the
energyplant (e.g. CHP) to the final heat exchangers in the substations.

Other studies implementing LCA, have been focused on specific types of fuels used within a particular
DH system rather than the overall technological system itledrsson, 2006)

Some LCA gidies present comparisons of differescenarios taking into account diverse type of fuel
for the energy plant (e.gvaste incineration withthe combustion of biomass or natural gg&riksson,
2007) In specific in the study &rikssoret al. 007 is highlighted how the usef natural gas in CHP
plants is an alternative of interest if marginal electricity has a high fossil contér study of Persson
(Persson, 2006found a benefit for large DH in terms of the bett@rangementof highly efficient
burning and flue gas treatmen$pedfically, in this context, the use of LCA provides an added value
on defining optimization process towards specific environmental critéBiardouille, 200Q)

The previoudacksjustify the selection of LCA approach asiseful and practical tool to be integrated
into every infrastructue desigring phase including (Low Temperature) D#lfacilitate the passage

of optimal environmental and viable solutions by usiaget ofspecific environmental criteria. This
way will support a more global vision within the environmental assessment highlighting which sys-
tems, subsystera or section of the DH present themost significant impact and to further better
(re)design or reframéhe whole infrastructurewith higher environmental performance The results
from an LCA made for a DH system should be able to:

9 define an updated data inventory of all DH subsystems tewentuallyused as further bench-
marks;

9 clarify which subsystems and piaof a district heating system are effectirthe most tothe
overall environmental pdgormance of the infrastructure;

1 Provide alternatives based on ec®sign perspectives implementable in Municipality Energy
strategies including SECAP and compare thentbusinessas-usual DH scenargie.g. dis-
tribution network using natural gasr 39 generation type of DH systejn

The LCA results may be of interest for energy planner and energy companies, engineers, DH opera-
tors, public officials and decisiemakers ncluding municipal planning merging the environmental
perceptive within new or updated planning processes for urban infrastructural development.

The Life cycle assessment propasa this report is based on the Pilot energy strategy for Low Tem-
perature Dis¢rict Heating System implementation for Iimajoki Municipality.

This document thus represest consistent guideline on how perform LCA specifically addressed
to the implementation of ecedesign principle for the constructioof newor renovation ofexisting
DH system. The specific inventory wéid to evaluate the overall eeprofile of certain energy strat-
egy implementedn Low Temperature DH are reported both in the Annexes asexcel tables.
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From all levels othe energy sector there is a clear consensus that the decarbonisation of Europe’s
energy supply relies on the expansion of district heating as well as increasing the share of renewable
energy and waste hegSvendsen S., 2017he district heating network connects buildings in differ-

ent areas of cities and other settlemerds thatthe heat can be supplied from different centralized
boiler houses, combined heating plants or several heat production facilities of a lower capuiy
approach allows integrating and combininvgriousheat sources moreféciently.

The district heating system can reduce GHG emissions due to the integration of renewable energy
sources and use of more efficient heat generation equipment when comgaa individual heating.
These features contribute to the reduction of both climate change and other environmental issues
(Bartolozzi, et al., 2017)One othe main benefits from centralized heat generation is the possipilit

to generate both electricity and heat in cogeneration plants simultaneouslgllows to increase the
overall efficiency and decrease the primary energy consumption when comparing to heat generation
in heating plants or power production in condensingyss plants.

The fuel consumption can also be reduced wheess industriaheat is recovered and used as a
thermal source for district heating. Utilisation of the surplus heat flowslteen identified as an im-
portant goal for the district heating systedevelopment. At present, industrial sectors generate large
amounts of lowtemperature surplus heat, which are mainly discharged into the environment during
industrial processes. Research shows that the heat losses from industrial processes afi€dpiba,
2012) Anotheressentiakource of surplus heat is the various data centres that run continuous cooling
processes on servers and other equipm@nahlroos M., 2018)

In many cases, this thermahergy can be used internally to heat hot water, preheat incoming air in a
furnace etc. However, where the remaining heat is with low potential or the company's heat con-
sumption is small, this energy may be passed on to other consumers or district heatingrk. Such
solutions replace the fuel share in heat production, increased efficiency, reduces emissions and costs.

Nevertheless, the distribution heat losses are the main challenge whichstedak overcame when
the heat is transmitted within the londistances. Competitiveness tfie district heating system de-
rives from a combination of heat generation and supply efficiency conditidremele, 2017)An im-
portant requirement for optimal heat supply is that the demand faak should be concentrated in
order to reduce distribution costs and heat losses.

Due to rapid decrease of residential building heat consumpétsoarises the necessity of changing

the operational conditions of district heating system. Newly built builgs have higher energy effi-
ciency performance therefore heat density in newly built areas decreases. One of the lately discussed
solutions for district heating companies to adapt to the new conditions is oriented towards the reduc-
tion of the supply waterémperature. The low temperature district heating system concept provides
innovative solutions in all three district heating system componeqi®. heat source, heating net-

work and heat consumdZiemele J., 2016) ow temperaure district heating systems can lower en-
ergy losses, utie excess industridheat more efficiently, balance the renewable energy in the elec-
tricity grid and have strong economic potential if properly implementEoetime estimations on low
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temperaturedistrict heating showedx possible reduction of heat loss by 75 % comparing with me-
dium temperature district heating systerfLi, 2014) In addition there are other benefits like reduc-
tion of boiling risk, reduced thermal stss8 on materials along the pipeline, wddtion of thermal stor-
age to handle peak loads without oversizing equipment, improving Heasteam ratio in steam CHP
system to extract more power of the turbir{gmran M., 2017)

Fromthe previously explainetdackground there is aneedto useLCA for the evaluation of the DH
environmental sustainability.
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A major motivation for developing new DH systems is due to their environmental benefileéd,

they can reduc&HG emissions, air pollution, ozone depletion and acid precipitation, among others,
by integrating RES, improving efficiency in equipment and moving from ind#aidsplutions to cen-

tral heating systems. All products (goods or services) have a life ayaleding: design, develop-
ment, resources extraction, production, use or consumption, and the end of the life activities (collec-
tion, sorting, reuse, recycling and waste disposal) (Rebitzer, et al., 2004). There may exist several pro-
duction phases, manufdaring of materials required for later production of the analyzed product,
transformation of raw materials, energy production, etc.). Conducting all these activities along the
life cycle results in an environmental impact due to the resources consumpinigsions of sub-
stances into the environment and other environmental exchanges such as radiation or ionization. In
the perspective of sustainability, it is necessary to quantify the environmental impacts arising in all of
DH development stages and differeacenarios.

Life Cycle Assessment (LCA) is recognized as the most powerful and widely used tool fetakiualgr

ET 1 EOOEA A1 GEOIT 11 AT OAl OOOOAET AAEI EOU AOOGAOQGOI Al C
tal impacts from the cradle to the gra\{Buxel, et al., 2015) using a multicriteriapgach. The prin-

ciple is to compute the materials and energy flow inputs and the emissions at all phases (stages) in

the life cycle of a production process. LCA offers a broader perspective and possibieaysduiate a

broader range of environmental impact categories, beyond climate change, which is often the usual

and only parameter considered when assessing environmental performance, particularly for energy
production and distribution scenarios. One of thd-vantages of LCA is complementing local envi-
ronmental impact assessments by analyzing the impacts from a global perspective, therefore avoid-
ingtheseA Al 1 AA-OBAEGEDAAICO | " AOOT 1T UUER AO Al 8h WwWoXx£(Qs
odologicd framework to estimate the environmental impacts coming from the life cycle of a deter-

mined product. These iapacts can be classified in: climate change, stratospheric ozone depletion,
tropospheric ozone creation (smog), eutrophication, acidificationxitmlogical stress on human

health and ecosy$ems, resources depletion, water use, land use, noise, and others (Jolliet, et al.,

2003).

Methodologies to implement an LCA vary among studies, but the most common one remains to be
the LCA I1SO standard 14040d 14044. The ISO 14040 (1997) describes the principles and framework
for LCA, while the ISO 14044 presents requirements and guidelines to perform it. According to the
framework found in ISO 14040, a complete life cycle, with its associated-nedtandenergy flows is

called product system. Then, collecting, tabulating, and performing a preliminary analysis of emis-
sions and resource consumption is called Life Cycle Inventory (LCI). Most of the times it is necessary
to calculate and interpret indicatorsf the potential impacts associated with the exchange of such
flows with the natural environment, thus, performing a life cycle impact assessment (LCIA).

In 1ISO 14044, the main four steps included in the LCA methodology are described: goal and scope, life
cycle inventory, life cycle impact assessment and life cycle interpretation (International Standard,
2006). Defining the goal and scope is the first step in an LCA, the-blbgés to make clear the pur-
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pose and intended audience of an LCA study and wpldses of the production processes are ana-
lyzed. Due to the iterative LCA nature, the scope is susceptible to redefinitions during the study. The
goal and scope must define the intended application, the product system, functional unit (FU), system
boundaiies, LCIA methodology, assumptions and limitations, and some other data requirements. The
second step is the LCI, where inventory is gathered and quantified according to the defined FU. In this
step, the stages and the data collktion and calculation techiques are described in detail. The third
step, the LCIA, includes the collection of indicator results for the different impact categories, which
together represent the LCIA profile for the product system. Such results are categorized in the afore-
mentionedimpact categories. It is at this point, where sensitivity analysis can be performed to deter-
mine how changes in data and methodological choices may affect the results. Finally, in the Life Cycle
In-terpretation, several elements are considered: identifioa of significant issues based on-selts,
evaluation of consistency and sensitivity checks, and discussion of conclusions, limitations and rec-
ommendations.

Kurikka and llmajoki municipalities in the region of South Ostrobothnia are atigrevorking under
standard third generation District heating systems (3GDH), using mainly woodchips and sod peat as
fuels in heat only boilers with different installed capacitieg GLIMW).

For limajoki, three different perishes can be distinguished: Adstrative area, Koskenkorva and
Rengonharju. While for this municipality, the next replacement investment is forecasted by 2027, the
situation in Kurikka is different, with one of the boilers reaching its end of life in 2022.

The goal othis study is to assess the environmental impacts of the baseline scenario for the current
DHS in Koskenkorva parish and Kurikka municipality and a futavelopmentscenario where waste
heat from an industrial distillery will be used as energy sourc@foTDH systenilhe nain objective

of the project is tassesshe effectsof the transition from a 3GDH system to a 4GDHS. The LCA study
will provide, in junction with economic assessment, a reliable making decision tool providing con-
sistent thresholdsdr the section of the optimal technological solution in line with national energy
related emission reduction targets in Finland.

Scope definition requires clearly describing the function and functional unit, system boundaries,
methodology, and datagquirements sufficiently to address the stated goal. As said before, an attrib-
utional model is going to be performed for this study to evaluate the environmental load of the DHS
baseline scenario with the first steps towards the proposed upgrade to a LTTDid& scenario.
Within this transitional phase, surplus heat from a distillery will be used as heat source for heat pumps
to feed the District heating network at the same temperatuasin the baseline scenario. The time
frame of the study only includesxisting technologies and described technologies in this project.
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Hence, the effect of new technologies will not be taken into consideration. Future trends in insulation
improvements resulting in heat losses reductions in the distribution network, bodesé or demand
side, are also not considered other than the ones explicitly discussed within the project.

For the baseline scenario the current technology, data for calculations, fuels and networks described
in (LowTEMP, 2019nd (Poyry, 2018jvere used for modiing activities as part of the background
data. Foreground data was obtained directigquired in cooperation with the LowTEMP partner
Thermopolis The distribution network temperature issaumed as 105°C.

For the future scenario, where surplus heat from a distillery in Koskenkorva parish would be used as
heat source for running a series of heat pumit® background data wre obtained from (Poyry,
2018)and SinaPro databases. Foreground dat&obtained fromthe LoWwTEMP partner Thermop-

olis.

A functionalunit (FU) is a measure of the performance of the functional outputs of the product sys-

tem, and its primary purpose is to provide a referencevtuch the inputs and outputs are related.

This reference is necessary to ensure comparability of LCA results. The definition of a functional unit

must hence include both quantitative aspects to avoid subjectivity when subsequently defining an
equivalent senario to be compared. The functional unit thus is oriented to provide a consistent quan-

titative comparison of alternative ways of providing a function. In a functional unit defines aspects of

the quality of a certain function provided and quantifies theantitative aspects of the same function,

AT OxAOET ¢ OI NOAOOEI 1 O 1 EEA OxEAOeoh OEI x | OAE
OEi x xAlleds8 %OPAAEAI T U A O ATibpiAg POTI AOGAOO 10
aspects (e.g.th  AAOO | £ AEAZEZAOCAT O 1 AOGAIT O T &£ AT i1 £ 00Qqh E
OET T Al OTEOCO6 EO AAOCAEOI T U AAEET AA O AT OOOA OAI
comparative assertions disclosed to the public.

For this study, the furttonal unit is the operation and maintenance of DH system over an assumed

time horizon for delivering the required heat demand of Koskenkorva parish and Kurikka municipality
including infrastructural works required for heat distribution in each scenati@ ificludes, any con-

struction or renewing work required either for the baseline scenario, such as boiler house replacement

in 2027, or the deployment of the required new pipelines and heat pumps installation for the future
scenario.

Theproject concerns only the scenarios mentioned for the limajoki administrative area and Kosken-
korva parish in the limajoki municipality. These villages and cities are located in the region of South
Ostrobothnia in Finland. lImajoki is one of the 18 munitips in the region of South Ostrobothnia.

The system boundaries comprehend the construction of boiler houses, including energy and raw ma-
terials required for all equipment and accessories, the transport of materials for construction and the
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required enegy. Within the assemblies for the boiler house, nodes, pumps, taps and DH pipeline net-
work, materials and equipment susceptible of replacement during the lifespan of the project are also
included. Construction of heat pumps and accumulation tanks are @ssidered, as elements, en-
ergy and processes required for their construction.

As can be seen in Fig. 1, for the operational phase, the fuel and electricity required to run the thermal
boiler house, pumps, and other equipment is accounted, including thmetion and transport of

fuels. Nevertheless, operations related to maintenance and repairs are not included due to its intrinsic
feature of uncertainty and to avoid overestimated impactéie eplacement of equipmenduring the
lifespan of the projecfe.g. recirculation pumpg are consideredn the model

Energy use

Assessed

Fuel

extraction/ — Transport Electrluty_ Out of scope
. from the grid
production

------------------------------ )
X i
|
I
» Operation < ! i
i
Transport to 455 Demolition '
Energy use +———— boiler-house ¢ ! ]
i
building site ! I
1 1
Maintenance H Transport to '

'
H waste :
- I
Manufacture ¢ ! management !
H site '
1 1
Repair \ ]
Raw material Building H !
extraction construction i i Waste i
! management i
I
! 1
Replacement E .
' i
' i
' i
©

)

Production stage Construction stage Use stage | End of life stage

e mcmcccccccccccc e ————- ===

Figurel. System boundaries on the supply side

The service life or intended time horizon is for 25 years from 2020, hence only available technologies
at the moment of writirg this document are considered within the study. The end of life stage is not
considered in this study, as the useful life of a DH system depends on many variables such as govern-
mental policies, technological diffusion of new technologies, rate of changeopulation (demand

side), and maintenance of the network and boilerhouse.

Within the boundaries, the decommissioning phase of the DHS is not included, only waste treatment
processes availabia the Ecoinvent 3 database are accounted. Electricity congionps assumed as
taken from the national grid.

For the whole limajoki municipality, district heating is generated in three different areas. The largest
one, and most heat consuming are# the central aga of llmajoki (administrative areayhile the
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parishes of Koskenkorva and Rengonharju are smaller heat networks.

The whole model accounts for two main parts, one for the limajoki administrative area, and another
one for the Koskenkorva parish. At this memt (2019), both areas have independent heating sys-
tems powered by boiler houses using different types of fuels, but it is planned that both parishes in
the future will besuppliedby waste heat feeding heat pumps in order to provide district heating to the
residential and administrative buildings in a large share of the municipality.

District heat in llmajoki is generated in heanly boiler production units, which are split around the
heating network. Apart from the netwdrlocated in the administrative area of limajoki municipality,
there are two smaller heat networks that are not connected to the main heat network. In addition,
each network has adequate reserve and peak load boiler units.

At the administrative area of llajoki, district heat is produced by two boilers named KPA1 and KPA2
which are fed only with solid fuel. While boiler KPA1 is a 4.0 MW, KPA2 is a 6.0 MW boiler Both of
them are grate boilers and both are equipped with flue gas scrubbers and are fired agtichips,

sod peat and milled peat. Fablel, it can be seen the total fuel consumption in both main boilers and

the reserve or peak one which basically uses light oil and in energy terms, represents around 1 % of
total heat produced. The most common fuel is woodchips with 68 % of total heat production followed

by peat with near 31 %.

Type of fuel Amount [ton]*
Sod Peat 4896.7
Woodchips 6661.4
Qil 2 111

InFigurel, all the steps included within the model for this L&Are shown however it is important

to mention, most of these processes are allocated A T O A E Tp@int & $ubs@uiiddagproach

from Ecoinvent database the operational step, especially those related to the energy use including
all its activities such as fuel extraction/production, transport and the electricity generation for later
use.The operational step can includaany subprocess and actors, which is why the boundaries for
this main step must be clearly defined within at this point, to avoid over expanding the system to
areas out of the scope. As can be seeRigure2, the operational phae does not include activities at

the end user side (see dashed line), only activities required for the heating production and distribution

1 Calculated using standard LHV and data fr@oyry, 2018)
2For backup boiles
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are within the boundaries.

The building construction (boiler houses, pipelines and nodes) step in the construEgm (sed-ig-

ure 1) is the other key point of substitution, where all raw material extraction, energy use for manu-
facture of intermediate products (pipes, pumps, etc.) and subsequent transport to the boiler house
site are accounted

4.1.2 Koskenkorva parish

District heating in Koskenkorva is provided by two small boilers with a capacity of 1 MW each. As in
llImajoki case, these two boilers are solid fuel fed, been able to burn woodchips, sod peat or milled
peat. However, only woodchips atesed for heat production, with an annual consumption of 971.3
ton in 2018, equivalent to a heat production of 3700 MWh.

llmajoki Municipality Kurikka Municipality

limajoki® Administrative area Kurikka

DH Production

District

Heating
’7 production
: :

KPA1
4 MW

Koskenkorva

DH Production

KPA1
1MW

> End user side|

Rengonharju
KPAL N )
1 MW i

Figure2. System boundaries for the baseline scenario.

'O xEOE OEA )11 AET E E §dkedkdniaParigh(mOlyhAsdIgad doileds erdtaken £l O
into account for the modellingSimilar like in the studfLowTEMP, 2019nd (Poyry, 2018jhe re-
serve boilers havehbeen used for district ha production in the last 3 years and no other type of fuel

has been burned but woodchips.
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4.1.3 Future scenarios description

Within Koskenkorva parish exist a distillery located just nearby the district heating plant. The distillery
generates waste heat whicls icurrently been cooled by using blowers. The resulting usable heat is
contained in the cooling water produced at an average rate of 200 and at 29° C, and the utiliza-

tion capacity corresponds to 8500 hours per ydaoyry,2018) According to those preliminary re-

sults, flowrate and temperature will allow for a ser@dheat pumps designed using a COP-31, to

ET AOAI AT O OEA OAI PAOAOOOA Ob O iYW #h xEEAE xI1C
supply temperature between 8090° C (sed-igure3). This way, the resulting watdecomes an en-

ergy carrier able to feed the heat pumps to reach the desired temperature at the user end side.

[Imajoki Municipality Kurikka Municipality

limajoki® Administrative area Kurikka

»| End user sidef«

DH Production

District

Heating
’7 production

KPA1
4 MW

Heat pumps

Koskenkorva

DH Production

Waste heat
KPA1

1MW

Distillery

Heat pumps
> End user side|
Rengonharju

KPAL | .

Figure3. System boundaries for the future development scenario

For the preliminary evalu&in, a total annual production of 3.3 GWh and 38.7 GWh of thermal energy

were assumed as desired for Koskenkorva and limajoki parishes respectively. The total reachable in-
stalled capacity for the heat pumps in Koskenkorva parishef@80 kwwhile5860k &A1 O ) 1 | AET E
Administrative area. In order to integrate the heat waste from the distillery into the DH system, a new
distribution pipeline sector with a total length of 650 m would be required.
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InFigure4, the estimated annuabeat load for Koskenkorva parish is displayed, been covered mainly
by heat pumps and by a solid fuel boiler during the period with lower temperatures.

Koskenkorva heat production

MW
15 Partly waste heat
0.9 - :
I
5l mOil 0 GWh/a
0.7 - KPA 0.4 GWhf/a, solid fuel boiler
0.6
05 LAilk I ®m Heat pump 2.9 GWh/a
0.4
0.3
0.2
0.1
0.0 . ' , ' ‘ : .
1 727 1453 2179 2905 3631 4357 5083 5809 6535 7261 7987 8713
Figure4. Future scenario for Koskenkorva heat productitowTEMP, 2019)
4EA O1T OAl &I OAAAOOAA EAAO 1T AA A O )ITAETEESO AA

in Figure5, with a total thermal energy production of 42 GWh per year. As shown, 32 GWh are to be
produced by the use of heat pumps using the heat waste from the distillery and the remaining 10 GWh
by the currently working solid fuel boilers.

limajoki heat production

M:: ) Partly waste heat
i m Oil 0 GWh/a
ol KPA 10 GWh/a, solid fuel boiler
: 1 ® Heat pump 32 GWh/a
|
4
2
0

1 727 1453 2179 2905 3631 4357 5083 5809 6535 7261 7987 8713
Figure5. Future scenario for limajoki heat productilow TEMP, 2019)

Within the boundaries for the future scenario, the same approach as for the baselmariois con-
sidered regarding decommissioning, transport of materials, waste treatment and electricity con-
sumption. The heat production and fuel consungptiin the distillery are not considered within the
boundaries (se€&igure3) as it is interpreted as use of waste hdhtat otherwise would be cooled in
cooling towers under the private facilities. On the other hand, the heat psimpergy consumption
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and operation are accounted just as the heat production from the boiler house covering the extra load
during the coldest period. Finally, it must be mentioned that the intended time horizon for LCA is 25
years.

Here are listed a summary of assumptions and limitations found after reviewing the available DH data
for all scenarios.

Among the limitations that apply for all parishes and scenarios, the main one to consider is the tech-
nology deployed in them, as onkurrenty available at commercial level ones are considered. Most
data used for modelling was found in the Ecoinvent databa&e & d decommissioning or waste
treatment for baseline scenarios are not considered. Some materials used for the assemigligs mi
account for waste scenarios and would be mentioned when it happens.

To account for the whole impact of the assembly and operation of the district heating network, con-
struction materials, equipment and raw materials are included for all scenarioanass that con-
struction phase is within the boundarieldevertheless, this construction phase and all activities and
materials are subjected to the data availability, which is limited due to future scenarios are still under
study.

For baseline scenarios:

1 Only base load boilers are used.

1 No changes in insulation technologies along network were considered maintaining
the same heat losses trends.

1 After any equipment replacement or maintenance, and renovatithe same boiler
technology is used, using the sarheel type and consumption.

1 Alow calorific value of 3.5 MWh/ton of woodchips is used for calculations.

1 A boiler efficiency of 89% is used for the whaie@e horizon (LowTEMP, 2019) in
+1 OEAT ET OOA PAOEOE AT A iim &£ O )IiAETEEGO

9 Calculations forthe amount (ton)of fuel consumption were carried out considering
previoudy mentioned values.

1 No decommissioning phase was considered.

For LowTemp scenarios:

i Steady production and heat demand profile during the study lifetime.
1 New distribution netvork for the surplus heat of 6.5 km using DN200 pipelines.
1 A Coefficient of performance of 3.2 is assumed for the heat pumaseénies arrange-

ment.
1 The same DH distribution network is used during this transitional phase.
f Same distribution temperatures plgE1 AO AT A 11 AEAT CAO ET AO

ply and return lines.

1 No decommissioning phase was considered.
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DH infrastructure data of limajoki municipalityere notavailable, and only data regarding general
aspects was available (nebrk length and pipe types, thermal capacig well aguel consumption
thermal capacities and thermal energy generateépr this reasomost of the infrastructure data
were gatheredrom the (Feofilovs, et al., 201@nd adiptedto the size or length of limajoki adminis-
trative area and Koskenkorva parish.

The maintechnical datavere gathered from certificates of manufacturers and then grouped into the
corresponding material and processes within the Ecoinvent 3 databasee $itnassemblies have an
equivalent input object in the Ecoinvent 3 database, but many do not. Such missing equipment, ap-
paratus or accessories missing in the database, were entered as the amount and materials required
for its production includingthe proessnecessaryo construct the assembly.

Raw material Building L H . !
extraction | eq construction H ‘ ‘: Waste ges, fOI‘
ep b C L management iany DH
. Replacement - i i
oilg bun ar, )e men-
gr f € ' (see
Production stage Construction stage Use stage ! End of life stage ‘

Figurel) as selected objects from Ecoinvent 3 databasgaspond to items allocated at the point of
substitution (APOS). Thus, the use stage, including operation of the DH assemblies, and the energy

use phase which contains the fuel extraction or production, transport to boilerhouse and electricity or
otherelMOCU OOAh EO DPAOO 1T &£ AT 1 OEAO OAOOAI Al Ubd xEOE
LCA model. Detailed inventory tables can be seeAnmex1.

A general example on how the assemblies were designed fontoweinput is shown iffable2. Then
a summary of stages into the particular parish which is modeled in Bioia shownin Table3.

Materials or Assembly Amount Unit ‘
Peat {GLO}| market for | APOS, U 4896.7 ton
Wood chips, dry, measured as dry mass {RER}| market for | APOS, U 6661.4 ton
Light fuel oil {Europe without Switzerland} | market for | APOS, U 111 ton
Processes Amount Unit

Heat, district or industrial, other than natural gas {RoW}| heat productio 44700 MWh
hardwood chips from forest, at furnace 5000kW | APOS|.OWTEMP

limajoiki

Heat, central or smaidcale, other than natural gas {Europe without Swit- 538 MWh
zerland}| heat production, light fuel oil, at boiler 200kW condensing,-nor

modulating | APOS, ULOWTEMP lImajoki

As can be seen ihable3, assemblies such as DH pipelines, and nodes, are adjusted to the size or
length of the specific parish. The operational phase stage is entaredsideringTable2, which is the
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inventory of fuels and materials required for a year of operation under the scenario described in the
4.1secton.

The end user side, or required building renovation assembly, was not modelled since the temperature
profile is not yet to be reduced for this study. The future scenario to model only considers the reuse
of waste heat from distillery as heat driver file heat pumps arrangement in each parish.

Material/Assemblies in SimaPro

Old Boilerhouse 2 p
Old District heating Pipelines 51.5 p
DH nodes 51.5 p
Boiler's pumps, taps, hean., exch. & flow device 2 p
Node's pumps and taps 51.5 p
Pipeline's pumps, taps, heat meters, exch., flow d 51.5 p
limajoki Baseline Scenario Op. Phase 25 p

Use stage (operational phase) specific inventory assembly per parish and other infrastrasagm-

blies within the construction and production phase, represent the full scenesdal inthe model as

seen inTable3. Therefore, similar tables were elaborated for Koskenkorva parish, and are to be found
inAnnex1.4 EA x1 OA Obo6 EO 1 AAT O T1TA OTEO T £ OEA DOl PI

The LCI gathered was used for the simulation in $foan accordance with the defined functional
unit in section3.3 The following results are presented for each parish, for the baseline scenario and
for the proposed future model. First, the environmental impact assessment is presented at midpoint
level (kg of substance equivalent) in tables where specifidpoint categories results can be ob-
served, and then a charactsation graph is presented for comparing the environmental toll of each
assembly within the construction phase and operational phase. After analysing the midpoint catego-
ries, a damage assssient is shown, in terms of Edgndicator points, kPt, in relation to the Functional
unit. This damage assessment presents results in the main four areas of concern evaluated within the
IMPACT 2002+ methodology: human health, ecosystem quality, climateg@hand resources. Fi-
nally, for the parishes andlifferent scenarios evaluation, hotspots are identified by comparing the
Life Cycle stages and their total environmental burden. This rem@found in the next subsection

for both parishes/areas.
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6.1 Life Cyde Assessment Results for IImajoki adminis-
trative area z LCIA

6.1.1 Ilmajoki administrative area baseline scenario

In Table4, the total kg per substance, which express the amount of a reference substance equalizing
the impactof the analyzed pollutant under the midpoint category, is presented for the current state
scenario with reference to the functional unit. It means, those are the environmental impacts of build-
ing and operating a DH system under current conditions for 26ge

TABLE4. CHARACTERISATIORESULTS FOR THE AOMISTRATIVE AREA (BRELINE
SCENARIO)
Impact category Total

Op. Phase Construction

Carcinogens kg C2H3Cl eq 2,287,216 1,961,322 325,894
Non-carcinogens kg C2H3Cl eq 12,703,955 | 12,444,051 259,904
Respiratory inorganics kg PM2.5 eq 368,008 360,345 7,663
lonizing radiation Bg CG14 eq 8.30E+08 7.91E+08 3.88E+07
Ozone layer depletion kg CFCl1 eq 4.7 4.4 0
Respiratory organics kg C2H4 eq 61,046 58,087 2,959
Aquatic ecotoxicity kg TEG water 9.65E+10 9.44E+10 2.11E+09
Terrestrial ecotoxicity kg TEG soil 3.50E+10 3.43E+10 7.61E+08
Terrestrial acid/nutri kg SO2 eq 6.66E+06 6.58E+06 82,872
Land occupation m2org.arable 2.37E+07 2.37E+07 82,658
Aquatic acidification kg SO2 eq 985,831 962,073 23,758
Aquatic eutrophication kg PO4 Him 53,216 50,291 2,924
Global warming kg CO2 eq 5.29E+07 4.83E+07 4.65E+06
Non-renewable energy MJ primary 2.08E+09 2.01E+09 6.94E+07
Mineral extraction MJ surplus 3.31E+06 1.89E+06 1.42E+06
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Figure6 shows in a clear way, the share of assembly in the different impact categories. As seen, the
operational phase is the major environmentadpactfor all categories.
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Figure6. Characterisatiorcomparison letween assemblies for the administrative arebaseline scenario.

The weighted damage assessment per area of concern is presenkéglire?, displaying every single
assembly considered within the scenario model. The operatioasghis followed far behind by the
pipeline network, and all other assemblies are practically negligible if compared with these two
hotspots. The most impacted area of concern is human health with a total score of 42.28kPts, fol-
lowed by the ecosystem quajitwith 22.97 kPts, resources and climate change with 13.7 and 5.34 kPts
respectively.
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