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Climate change affects regions differently and therefore also climate change
effects on energy systems need to be analysed region specific. The objective of the
study presented is to show and analyse these effects on regional energy systems
following a high spatial resolution approach. Three regional climate scenarios
are downscaled to a 1 km resolution and error corrected for three different
testing regions in Austria. These climate data are used to analyse effects of
climate change on heating and cooling demand until the year 2050. Potentials of
renewable energies such as solar thermal, photovoltaic, ambient heat and
biomass are also examined. In the last process step the outcomes of the previous
calculations are fed into two energy system models, where energy system
optimisations are executed, which provide information concerning optimal setups
and operations of future energy systems. Due to changing climate strong changes
for the energy demand structure are noticed; lower heat demand in winter
(between —7 and —15% until 2050) and — strongly differing between regions -
higher cooling demand in summer (up to +355%). Optimisation results show that
the composition of energy supply carriers is barely affected by climate change,
since other developments such as refurbishment actions, price developments and
regional biomass availabilities are more influencing within this context.
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Introduction

Climate change and its potential impacts today are some of the main challenges
worldwide. It is expected that the limitation of global mean temperature increase to 2 °C until
the year 2050 can only be achieved by great contributions on the global scale. But even with
widespread and quick climate protection measures, climate change and its effects will still be
noticed in the next years and decades due to the lifetime of emissions and the nature of the
climate system [1]. Thus, thereis a necessity to anayse likely climate change effects, in order
to develop appropriate mitigation and adaption strategies. Publications dealing with this issue
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are among others for Europe [2-4], where the effects and impacts of climate change on many
sectors — aso on the energy sector — are discussed. To summarise these publications draw
rather positive effects for Northern Europe in terms of climate change effects on agriculture,
forestry and energy due to better growing conditions for crops and trees and a reduced heating
demand. Effects on Southern Europe and Mediterranean countries, on the contrary, are seen
strongly negative due to higher summer temperatures and more frequent heat periods and
droughts, which lead to significant problems in agriculture and forestry as well as severely
rising cooling demand in summer. The effects on Centra European countries are not that
precise, as they differ between countries and even within countries. For the specific case of
the Austrian energy sector the authors of [5] derive adaption measures to climate change.
Results from [6, 7] indicate that space heating and cooling demand are very sensitive to the
location within the Alpine region. That is why effects of climate change, differently
characterised in different regions, may predominantly lead to changes in the energy demand
structure but aso influence optimised setups of future regional energy systems. Non-climate-
driven developments like energy prices, technologies, policies, and availabilities of energy
carriers are also affecting the future setup and operation of the energy system and therefore
are considered in this study.

Methodology and data

Case study regions

The model framework was applied in three testing regions in Austriaz Tamsweg
(Salzburg), Wels-Land (Upper Austria) and Feldbach (Styria). The decision on these regions
was mainly driven by the different climatic conditions (Tamsweg: Alpine, Wels-Land: Mid-
European, Feldbach: Illyrian) of the regions due to their geographic location as well as their
diverse land cover structures. While most parts of alpine Tamsweg are covered by coniferous
forest, Wels-Land is mainly characterised by arable land. Feldbach has nearly equal shares of
broad-leaved forest, complex cultivation patterns and arable land. The population, which has
a major effect on the total energy demand, is low in Tamsweg (pop. 21,300), compared to
Wels-Land (pop. 63,000) and Feldbach (pop. 67,200). The majority of the population is
located in small municipalities, while the biggest towns in the regions are Tamsweg (pop.
6,000), Marchtrenk (pop. 12,500, region Wels-Land) and Feldbach (pop. 4,700). The location
within Austria and the settlement structure of the case study regions are shown in fig. 1.
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Figure 1. Selected case study regions: settlement structure and location within Austria
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Climate data

Rising temperatures are the major direct effect of climate change, with a decisive
influence on our energy system. Milder winters lead to less heating demand, while hotter
summers and more frequent and stronger heat periods [8] cause higher need for cooling.

Within the prospected project, 24 available Regiona Climate Models (RCM) from
the projects ENSEMBLES [1] and reclip:century [9] were downscaled and error corrected
from a 25 km to a 1 km resolution, based on daily observational record [10] to mitigate
systematic RCM error characteristics [11, 12]. Solar radiation data were not error corrected
due to the lack of suitable observational data. In order to provide the same spatial resolution
as for temperature and precipitation, global radiation data, which were also used in this study,
were interpolated from its 25 km RCM resolution to the 1 km grid, without accounting for
orographic information. Three climate scenarios based on emission scenario A1B [13], which
cover about 50% of the uncertainty space of the examined RCM, were selected for further
analyses. The selection was based on seasonal climate change signals for temperature and
precipitation between the 30-year periods 1971-2000 and 2021-2050. The three selected
climate models were:

— DMI-HIRHAMS5-ARPEGE,
— ETHZ-CLM, and
— SMHI-RCA-HadCM3Qs3.

As for our upcoming modelling, the most recent 30-year period 1981-2010 was

chosen as reference period and the upcoming decades until 2050 as testing periods.

Heat demand

Space heating demand was cal culated under Austrian reference climate using typica
specific space heating demand values (tab. 1, [14]) differentiated by building type and
congtruction period and gross floor areas differentiated by building types and regions.
Additional “service factors’ (tab. 1, [7]), differentiated by building type and construction
period, were considered by multiplication. These service factors lead to more realistic space
heating demand results by considering aspects such as night setback, restricted heated floor
area and user behaviour.

Table 1. Specific space heating demand [kWhm™a™] and service factor s of space heating

Specific space heating demand [kWhm2a?] Service factors of space heating
. . Single- | Multi- Non- . . Single- | Multi- Non-
Construction period | iy | Family | Residential | COnStruction period | e is | Family | Residential
Until 1945 242 182 114 Until 1945
056 | 0.64
1945-1980 190 145 114 1945-1980
1981-1990 122 95 70 1981-1990
062 | 0.69 0.9
1991-2001 87 68 70 1991-2001
Later than 2001 63 48 36 Later than 2001
0.67 | 0.75
Low energy houses 42 36 - Low energy houses

The calculated annual demand values were split up on the 12 months by typical load
profiles differentiated by construction period. Furthermore, for the different time periods of
interest (decade-wise) an actual, typica rate of refurbishment of 1% per year was assumed
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[15]. In terms of modelling, refurbished buildings were chosen on the building raster
depending on their construction period and they were given lower space heating demand
values of the next younger construction period. This results in specific space heating demand
reductions between 20% and 49% for refurbished buildings as derived from tab. 1. The spatial
location of these refurbished buildings was selected randomly on the building raster, since this
depictsreality best.

In the next step, specific climate information from the climate models was taken into
account. The methodology for the climate-induced changes of space heating demand is based
on [16], where the effects of changing temperature and global irradiation on space heating
demand are analysed and quantified with an empirical approach based on real, historic feed-in
data from gas and district heating grids in the city of Bern, Switzerland. This is done on a
monthly basis and results in sensitivity coefficients of temperature and irradiation, presented
intab. 2. Since climate in Austriais quite similar to climate in Switzerland, atransferability of
the sensitivity coefficients from the city of Bern on the Austrian testing regions was assumed.

Table 2. Monthly sensitivity coefficients of space heating demand relating to temperature (per [°C])
and irradiation [MJm™d™] per changes. Source: [16]

Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec
Temperature -5.47 —6.23 -8.7 -13.46 —24.36 -30.77 -51.13 -38.97 —26.09 —-14.23 -8.22 —6.01
Irradiation -0.37 -057 -06 -025 -041 -06 -033 -025 -159 -162 -1.39 -021

The sensitivity coefficients are combined with climate data in the following
calculationsin eg. (1) and (2) of the space heating demand SH:

H-= kclima(es_IRef (l)
with
kclm\ate = (100 + (Tchmate - TRef)kT + (Glc\irmle - GIRef)kGI)lloo (2)

The calculations result in a scenario, where both refurbishments and climate change
are considered at the same time. Another scenario was added, taking into account the
development of the number of households according to the official OROK assumptions [17].
According to these assumptions, household numbers rise (between year 2001 and the last
model decade 2041-2050) in all of the testing regions (Tamsweg: +12%, Wels-Land: +41%,
Feldbach: +18%). Household sizes remain constant under the assumptions applied in this
study. Heat demand for the new households was calculated analogously to the heat demand
calculations, but using specific space heating demands of low energy houses as illustrated in
tab. 1. Total heat demand for the different scenarios was generated by adding climate-
independent values for domestic hot water heating (12.75 kWh/m?a for residential buildings,
4.75 kWh/m?a for non-residential buildings, according to the Austrian Energy Certificate —
“Energieausweis’) to the space heating demand. Eventually, four heat demand scenarios were
calculated, distinguished by refurbishment actions (yes/no), climate change (yesno) and

future household development (constant/OROK assumptions): “only refurbishment”, “only

" Coefficients from May to August are irrelevant, because of (usually) non-existing space heating demand in these months.
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climate’, “climate and refurbishment” and “climate, refurbishment and household
development”.

Cooling demand

For the calculation of cooling demand, following parameters were considered:

— specific cooling demand (depending on cooling degree days),
— share of cooled areas in buildings, and
— efficiency of air-conditioning systems.

Cooling degree days (CDD) were calculated using daily temperature data from the
climate models and a cooling threshold of 18.3 °C, as proposed in [6, 7, 18]. After inspecting
the CDD results, own assumptions on the penetration of building areas with air-conditioning
systems, based on [18-20] and shown in tab. 3, were created.

Table 3. Share of cooled areasin non-residential and residential buildings.
Own assumptions based on [18-20]

Share of cooled areasin non-residential buildings
before2010  2011-2020  2021-2030  2031-2040 2041-2050

Wels-Land partially cooled 22% 25% 27% 30% 33%

fully cooled 19% 21% 23% 25% 27%
Tamsweg partially cooled 33% 37% 43% 48% 55%

fully cooled - - - - -
Feldbach partially cooled 22% 25% 31% 38% 45%

fully cooled 19% 20% 30% 40% 50%

Share of cooled areasin residential buildings

Wels-Land 0% 4% 8% 13% 18%
Tamsweg 0% 0% 0% 0% 0%
Feldbach 0% 4% 8% 19% 33%

Conventional air-conditioning systems are in use, which are exclusively powered by
electricity and therefore increase the electric power demand. This assumption seems as the
most likely solution for the near future. The methodology is basically the same for residential
and non-residentia buildings, only the used parameters differ. For non-residential buildings a
distinction between fully cooled and partially cooled areas is made.

For non-residential buildings, functions from [18] are used, which show the
correlation between CDD and the specific electricity demand for cooling. These functions are
based on an analysis of 100 office buildings in Switzerland and international office building
simulations by [21, 22].

For residential buildings, assumptions of [20] are used and a coefficient of
performance (COP) of 4, which results in a specific electricity demand for cooling of around
4 kWh/m?a at CDD of 122 Kd (Kelvin days) in the year 2010. Climate-specific cooling
demand in a region was then calculated with the relation of the region’s CDD and the value
122 Kd. For future time periods slight specific energy reductions of 0.5% per year are
assumed because of technologic progress [18].
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Renewable energy potentials

Renewable Energy Sources (RES) are a key factor of a sustainable energy supply.
Only RES were considered, which appear in the regional context according to [23]. There,
emphasis on loca heat supply and according RES in a regional energy system analysis is
justified due to poor heat transmission characteristics. Wind and hydro power are excluded
from the analysis, since these energies are rather seen within the superregional context,
whereas photovoltaic (PV), which competes with solar thermal for available roof aress, is
considered. Solar and ambient heat technol ogies were analysed spatially explicit based on the
building raster and utilised spatially within the RESRO model (see section “Energy system
optimisations”). For solar technologies available roof areas were calculated by multiplying
building areas and typical mobilisation factors of 35% for pitched roofs (single-family) [14]
and 50% for flat-roofs (multi-family and non-residentia buildings) [24]. Monthly horizontal
irradiation data from the climate models were transformed on a slope of 35% for PV and 60%
for solar thermal by monthly transposition factors. Annual system efficiencies of 9% for PV
and 30% for solar thermal were used [25]. Reasonable ambient heat supply (heat pump) is
dependent on buildings with low temperature heating systems and high insulation standards
and therefore only foreseen in the calculations for the heat demand of buildings with
congtruction period 1991 or later. A coefficient of performance (COP) of 4 is used for
ambient heat systems. Biomass potential modelling is based on the approach of [26]. Regional
data of yield potentials on agricultura areas are derived from a national study [27]. In order to
estimate regional manure available for biogas production, statistical data on regional livestock
are used. The forestry biomass model published in [26] was enhanced and now distinguishes
deciduous and coniferous forest. Regional growth rates of deciduous and coniferous forest
from the Austrian forest inventory serve as input data (http://bfw.ac.at/rz/wi.home). Biomass
potentials are assumed to be constant due to uncertainties concerning climate change effects
(see also chapter Results, subchapter Renewable energy potentials).

Energy system optimisations

The energy system models ORES and RESRO

The outcomes of the energy demand and renewable energy potential calculations
were fed into the optimisation models ORES [26] and RESRO [28], both used in regional
energy system analyses such as [29] presented in [30], in order to calculate optimised setups
of future regional energy systems. ORES is based on the model generator TIMES [31] and
RESRO is developed directly in the modelling software GAMS (General Algebraic Modeling
System). Both are linear programming models, which minimise the costs of the expansion and
operation of the energy system with respect to certain constraints such as mandatory energy
demand (heat, electricity) satisfaction or resource boundaries. The costs function includes
costs for investment, operation and maintenance and fuel as well as costs and revenues from
the electricity sector. While ORES is spatially aggregated but time-dynamic, RESRO focuses
on the spatially disaggregated optimisation for one time period (snap-shot model). Thus,
ORES optimises the entire time horizon until 2050 in 5-year-steps assuming a perfect
foresight. RESRO calculates the heat supply for each 250 m raster cell including possible
district heating network expansion and operation for one representative year (middle year of a
decade) of the desired time period (here: one decade).

In contrast to RESRO, ORES considers competitive use of resources like energetic
and material usage of wood. Consequently, regional wood potentials are divided into four
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different quality categories with corresponding typical prices. The two optimisation models
are linked by transferring maximum, energetically used biomass from ORES to RESRO,
which uses these values as useable biomass potentia boundaries. Thus, the analysis profits
from the strengths of both models, using the comprehensive, time-dynamic ORES approach
and the spatially detailed approach in RESRO.

Regiona wooden biomass can be used in small-scale wood log boilers, small-scale
wood chip boilers and in centralised heating or Combined Heat and Power (CHP) plants
feeding into the district heating (DH) network. DH transport losses in ORES are exogenously
set to 12%. RESRO assumes DH transport losses of 2.6% per 100 m when transferring heat
from cell to cell. Centralised plants (heating or CHP) are strictly biomass-based (wood chips,
biogas). They must have a minimum capacity, if they are built, what makes the linear
programming models contain mixed-integer variables. Wood pellets — useable in small-scale
boilers — are seen as a supra-regional energy carrier, which can be imported to the testing
regions. Other — non-biomass based — heating technologies incorporate renewable ambient
heat (heat pump usage increases the electric power demand) and solar thermal systems as well
as conventional oil and natural gas boilers.

Power generation technologies considered are PV on roofs and CHP. If electricity
load is not covered by PV or CHP in certain time steps, grid power isimported. It is of course
also possible to feed-in power to the grid, if there is an overproduction within the region.
Since the electricity part of the optimisations works on a high temporal resolution (2-hours),
typical load profiles for household power demand and typical cooling profiles from office and
service sector buildings [32] for cooling power demand are used. Since a mgjor part of
cooling demand is caused by non-residential buildings, cooling loads concentrate on working
hours of workdays.

Scenarios and assumptions

Strictly climate-induced changes of the optimised energy setup are assessed by
comparing Scenario 1 (Scen. 1) assuming refurbishment actions at constant climate to
Scenario 2 (Scen. 2) assuming refurbishment actions together with climate change (climate
model SMHI-RCA-HadCM3Q3). Heat demand and electric power demand for households
and cooling are considered, depending on the outcomes of the calculations in the demand
sections (Heat demand and Cooling demand). Household power demand is calculated
exogenously with slight future energy efficiency measures assumed. Heat demand in Scen. 1
equals heat demand scenario “only refurbishment”, whereas heat demand in Scen. 2 is taken
from heat demand scenario “climate and refurbishment”. Cooling demand remains constant in
Scen. 1, while in Scen. 2, cooling demand results under the assumption of climate change, as
shown in the section Cooling demand, are used.

Existing heating infrastructure and supply, which can be derived from official data
from 2001, is only relevant — due to aged data (year 2001) and the lifetime of the facilities —
and therefore considered in the optimisations until 2020.

Recent household energy prices for Austria are chosen for the first model period
2011-2020. Energy price developments are assumed according to [33] and can be seenin [34,
(p.147)]. All energy carriers, except for oil (+54% until 2041-2050), are linked to the gas
price development (+44% until 2041-2050). All financial assumptions, also concerning

" Statistik Austria: , Energy carriers of heating*, spatial resolution 250 m x 250 m, 2001
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technologies, were collected within the underlying study [34]. Technology data for the year
2010 are illustrated in tab. 4. The development of technology parameters (costs, efficiencies)
isillustrated in tab. 5. Parameters for the mid of a decade, as used in the decade-wise RESRO
optimisations, were interpolated. Prices for solar technologies are expected to fall drastically.
Biomass boilers and especially heat pumps show significant price reductions as well.
Efficiency increases are assumed for PV (due to collector efficiency and performance ratio
increases) and heat pumps.

Table 4. Technology data (year 2010). Source: Various sour ces, collected in [34]

IVC OMC | Annud Efficiency | Full load hours | Lifetime

[€kW™]| [€kWa™] | Thermal | Electric [ha?] [a
Gas (condensing boiler) 796 22 95% 2,000 20
Oil (condensing boiler) 1,054 17 93% 2,000 20
Pellets boiler 1,422 20 85% 2,000 20
Wood log boiler 1,048 20 85% 2,000 20
Wood Chip boiler 1,785 17 85% 2,000 20
Heat Pump Brine/Water 1,810 8 400% 1,950 20
District Heating (Heat exchanger) 769 37 100% 2,000 20
Solar Thermal 632 23 30% 20
PV 2600 26 9% 25
Wood Chip Heating Plant (Stirling) 750 23 85% 3,000 20
Biogas CHP 5,095 255 34% 26% 7,500 15
Wood Chip CHP 13,291 282 76% 11% 7,000 15

IVC (Investment costs) and OMC (Operation and maintenance costs) for CHP refer to kWeeuric. FoOr Solar thermal,
IVC and OMC arein [€/m?]. For PV, IVC and OMC arein [€/kW,].

Table5. Technology development (100% in 2010 corresponds to respective valuein tab. 4). Source:
Various sour ces, collected in [34]

Cost development (IVC, OMC) Efficiency development

2010 2020 2030 2040 2050 | 2010 2020 2030 2040 2050
Fossil boilers 100% 97% 95% 95% 95% |[100% 102% 103% 103% 103%
Biomass boilers 100% 88% 88% 81% 81% |[100% 100% 100% 100% 100%
Heat Pump Brine/Water 100% 84% 71% 68% 64% |[100% 110% 116% 119% 121%
District Heating (Heat exchanger)| 100% 100% 100% 100% 100% |100% 100% 100% 100% 100%
Solar Thermal 100% 69% 50% 44% 39% |[100% 100% 100% 100% 100%
PV 100% 46% 38% 35% 34% [100% 115% 136% 140% 144%
Wood Chip Heating Plant 100% 92% 86% 83% 82% |[100% 100% 100% 100% 2100%
Biogas CHP 100% 97% 94% 93% 92% |[100% 100% 100% 100% 100%
Wood Chip CHP 100% 94% 92% 92% 92% |100% 100% 100% 100% 100%
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A discount rate of 5% was used for the present value calculations in ORES as well
as for the calculation of annual investment costs in RESRO following the annuity method
using technology lifetime as pay-back period. Some boundaries are set in order to accomplish
realistic results. For wood log boilers, which have very low investment costs and are therefore
favoured by the optimisation algorithm, an upper boundary of 15% of the heat supply is set,
since a higher share at heat supply is unlikely due to uncomfortable, manual filling of wood
log boilers. Pellet consumption per region is restricted to the double extent of recent per capita
pellet consumption in Austria.

Results

Climate data

Until decade 2041-2050 an increase of mean annual temperatures between around 1
and 2 °C, compared to reference period 1981-2010, is noted. Model DMI shows much lower
values than both other models from ETHZ and SMHI. For single raster cells and time periods
more extreme results can occur, as shown in tab. 6, where temperature rises of up to more
than 2.5 °C in winter and 3 °C in summer can be seen.

Table 6. Minimum, mean and maximum temperature change [°C] for winter (Dec, Jan, Feb) and
summer (Jun, Jul, Aug) between model period 2041-2050 and r eference period 1981-2010

. Delta T Winter (DJF) Delta T Summer (JJA)
Region Model : :

Min Mean Max Min Mean Max

Wels-Land DMI 1.47 154 1.58 141 1.47 157
ETHZ 1.65 1.84 1.97 1.88 1.95 2.10

SMHI 1.33 1.50 1.65 213 2.25 2.36

Tamsweg DMI 2.04 231 2.52 1.64 177 212
ETHZ 171 2.03 2.20 212 2.30 2.84

SMHI 1.13 1.34 1.56 248 2.62 3.05

Feldbach DMI 1.29 133 1.39 1.22 132 141
ETHZ 154 1.60 1.68 1.98 211 2.25

SMHI 1.98 2.07 213 2.20 2.27 2.39

Changes in solar irradiation are almost negligible (—2.8% — +1.8%), while absolute
values differ dightly between the regions. Precipitation results show variances between the
different climate models. However, trends such as increasing winter precipitation and
decreasing summer precipitation can be recognised.

Heat demand

Climate-induced reductions of space heating demand for the regions' building stocks
with a constant amount of buildings range between 7.5% and 16.8% for the last model period
2041-2050 depending on region and climate scenario. If additionally considering refurbish-
ment actions, space heating demand reductions range between 20% and 28.3%.

Figure 2 illustrates heat demand (space heating and domestic hot water) results for
the four different heat demand scenarios. “Only climate” reductions (2”d bar) reach vaues
between 7% and 15%. Reductions in scenario “climate and refurbishment” reach up to 25%,
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while rising household numbers in scenario “climate, refurbishment and household
development” lead to an increasing heat demand compared to the scenario without
consideration of household development, especidly in the region of Wels-Land (41%-
increase of households). So, under the assumptions of climate model DMI, refurbishment is
far more decisive than climate change in terms of decreasing heat demand, while for climate
models ETHZ and SMHI, the effects of refurbishment and climate change are quite similar.

Changes of heat demand until 2041-2050

Climate model DM|  Climate model ETHZ | Climate model SMHI
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Figure 2. Relative changes of total heat demand (space heating and domestic hot water) between time
period 2041-2050 and 1981-2010 for different climate models, regions and scenarios

Cooling demand

The trend of increasing numbers of cooling degree days (CDD) is significant,
especialy in Wels-Land and Feldbach, athough the number of CDD between the regions
differs substantially. The region of Tamsweg only shows very low CDD values, even in the
last model decade 2041-2050. The strongly varying cooling demand within aregion is shown
by high divergences between occurring minimum and maximum CDD values within one
region and one model period, which reach up to 150 Kd (Kelvin days).

Accordingly, cooling electricity results show a very low demand for the apine
region of Tamsweg, a notable increase at a moderate level in Wels-Land, while the electricity
demand for cooling in Feldbach rises tremendously (up to +355%) between the last model
period 2041-2050 and the reference period 1981-2010. Under the applied assumptions , the
major part (at least 87%) of the cooling demand is caused by non-residential buildings, as
shown in fig. 3, where electricity demand for cooling in the first (Ieft image) and the last
(right image) model period is illustrated (results for climate model ETHZ for period 2011-
2020 cannot be shown due to climate data errors). Results also differ quite notable between
the different climate models, especially in the last model decade 2041-2050, which shows a
strong sensitivity of the cooling demand results towards climate change.
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Figure 3. Electricity demand for cooling for model periods 2011-2020 and 2041-2050 under climate
change scenarios without household development (household number s constant)

Renewable energy potentials

Rather small climate-induced differences — if examined — for the renewable energy
potentials are noticed. Changes in solar irradiation are almost negligible, so technical solar
potentials mostly change because of efficiency improvements. The number of buildings
suitable for ambient heat systems will increase due to modernisations of the building stock
and therefore increase the total potential of ambient heat. Rising air and soil temperatures of
1-2 °C can be neglected compared to this development. Biomass forestry potential data show
differing potentials between the regions [34], depending on the region’s forest areas and
structure. Agricultural areas are rarely used for energy purposes in Austria due to missing
subsidies and land use competition. Therefore farmyard manure constitutes the major part of
realisable biogas potentials in the regions. However, climate-induced changes on biomass
potentials, which are only discussed here, depend on future temperatures, precipitation and
negative events (e.g. droughts, storms, diseases), which differ between regions, and are till
subject of on-going research. In general, rising temperatures lead to higher forestry net
primary productivity as long as water, e.g. in form of precipitation, is sufficiently available.
So according to [5, 35], forestry potentials will increase in high-lying apine regions such as
Tamsweg, where temperatures rise, but precipitation does not decrease significantly. The
opposite might be the case for low-lying warm regions like Feldbach, if not enough water is
available. Still, the effects of climate change on the energetic usage of forestry biomass in
Austria until the mid of the 21% century are seen rather low.

Energy system optimisations

Energetically used biornass

The results for energetically used, regional biomass are transferred from ORES to
RESRO. They areillustrated in fig. 4 and mainly result from the land use differences between
the testing regions (see section Case study regions), especialy regarding wood potentials
derived from forest areas. Energetically used wood (wood logs and wood chips) includes the
amount of firewood and pulpwood in the regions. Biogas strictly originates from farmyard
manure and pellets thresholds are set exogenously (see chapter Scenarios and assumptions).
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Therefore the temporal development of the
scenario solutions as well as climate change
induced differences (Scen. 1 vs. Scen. 2) can

be recognised. For model period 2021-2030 climate change effects do not yet show a strong
impact on the energy system, in contrary to model period 2041-2050, where heat demand has
decreased much stronger. For reasons of comparability, heat supply based on official data
from 2001 isillustrated additionally in fig. 5. However, heating facilities from 2001 or earlier
do not influence model results from 2021 or later, since they have exceeded their lifetime

then.
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wood chip- and pellets-boilers
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Strong differences between the regions in terms of heat supply structure are noted,
resulting from regional circumstances in terms of biomass availability and gas supply
options. In scenario 2, heat demand is decreasing more rapidly than in scenario 1 due to
climate change. District heating supply is not influenced by the decreasing heat demand,
which also results in a lower heat demand density. This leads to the implication that in
already DH-compatible areas (areas whose recent heat demand density is sufficient for DH
supply), DH supply is still more cost-efficient than competing, decentralised heat
technologies for scenarios with decreasing demand. Therefore, DH supply in the tested
regional energy systems is not sensitive to refurbishment actions and climate change. Qil
boilers are not favoured by the cost-driven optimisation algorithm, which is aresult of high
oil prices (92 €/ MWh already in the first model period 2011-2020) and also reflects the
recent situation in Austria, where oil boilers lose market shares.

Heat supply of Tamsweg with its high biomass potentials shows a high share of DH
(up to 49%). Besides that, regional biomass (wood chips and wood log) is aso used in
decentralised small-scale boilers, while heat pumps serve the rest of the demand. In Scen. 2,
2041-2050, heat pumps are not used anymore. High biomass potentials in combination with
strongly decreasing demand lead to a situation, where heat demand can be covered entirely by
regional biomass.

Contrary to the situation in Tamsweg, heat supply of Wels-Land is dominated by
natural gas. This amount of gas supply declines strongly over time due to demand decreases
and increases of heat pump usage, which serve a considerable amount of heat. DH supply
remains about at the same level, while wood log and pellet boilers serve a rather small share
of the demand.

Feldbach shows a highly diversified heat supply composition, which is mainly a
result of low biomass potentials and the small existing gas grid. Since wood chips are utilised
more efficiently (in terms of heat generation) in decentralised systems (no DH transport
losses), it is barely used in centralised plants. Instead, biogas is the major energy carrier
feeding the DH network through biogas CHP plants. Due to the regional circumstances and
general scenario assumptions, Feldbach is the only region that needs oil and solar thermal to
cover the entire heat demand, even though this would not be cost-optimal under different
circumstances (higher gas option, more biomass, etc.). The difference between scenarios 1
and 2 isthat ail is no longer used in scenario 2, 2041-2050, because of the strongly decreased
heat demand.

However, comparing both scenarios 1 and 2, there are no major effects of climate
change on the composition of the heat supply mix. The composition of energy carriers is
primarily influenced by economic issues such as investment costs and fuel prices, potentials
of RES (biomass, ambient heat) and existing connections to the natural gas grid. Climate
change is another heat demand decreasing factor, as the refurbishment actions are, which
leads to lower primary energy consumption and greenhouse gas emissions in the heat supply
Sector.

FElectricity demand and supply

Due to differing demands for cooling, the power demand varies significantly
between the testing regions. The use of heat pumps aso shows increasing effects on the
power demand. With high cooling demand, the power load profile is affected significantly
during the summer season. As a result of rising electricity prices and dropping PV system
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investment costs, all scenarios show a high PV expansion and hence a significant share of PV
power generation.

In Tamsweg cooling is not a relevant issue also in future scenarios, so power
demand is slightly decreasing due to expected energy efficiency measures in the household
sector. Power demand in scenario 1 (without climate change) is even dlightly higher than in
scenario 2 because of higher heat pump usage in scenario 1. As a consequence, climate
change can occasionally even have an indirect decreasing effect on power demand (less heat
demand — less heat pump usage — less power demand). In Wels-Land and especialy in
Feldbach, increases of power demand because of rising demand for cooling in scenario 2 are
noted. Increased heat pump usage also leads to an increase of power demand in both scenarios
1 and 2. By using typical power load profiles for households and cooling, strong peak loads
for cooling during daytime in summer are recognised, if high cooling demand appears in the
region. In the optimisation model outcomes, high PV generation — strongly time-correlated to
cooling loads — is shown and therefore PV generation is able to cover the mentioned peak
loads from cooling.

Conclusions

The effects of climate change on regional energy systems were examined,
emphasising the heating and cooling demand of buildings and the possible composition of
future heat supply. Therefore, high spatial resolution climate, building and land use data for
three Austrian regions were used.

Rising temperature levels represent one of the major effects of climate change on the
energy demand of buildings and consequently also on future energy supply. The scenarios
presented in the study show that heat demand will decrease in future due to climate change.
On the other hand, it was noticed that also other developments play an important role for the
development of heat demand like building refurbishment or household developments. Rising
mean temperatures and especially more frequent heat periods will lead to a significantly
higher cooling demand in some regions. An indicator for the specific cooling demand, the
cooling degree days value, is rising drastically, while more areas in non-residential buildings
aswell asin private households are expected to be cooled using conventional air-conditioning
systems. This will increase the electricity demand in summer notably. In warm regions, this
will be quite relevant, concerning the electricity suppliers’ ability to cover peak loads.

Our considerations and climate data show that climate change will not affect the
potentials of the examined renewable energy sources (solar thermal, PV, ambient heat)
significantly. Climate-induced effects are almost negligible compared to other effects, such as
technology developments. For biomass potentials, there are still uncertainties concerning
climate change effects, which were not considered in this anaysis. However, studies for
Austria (e. g. [5]) show that climate change effects on forestry biomass differ regionally, but
don’t influence the energetic usage of such energy carriers substantialy.

The results from the optimisation runs show low climate-induced effects on the
optimal energy system setup. Regional circumstances and price developments of technologies
or energy carriers have more influence on the optimisation results. Contrary to what was
expected, district heating supply is not influenced by the decreasing heat demand. However,
decreasing heat demand leads to lower energy consumption and therefore usually to lower
greenhouse gas emissions. Increasing cooling demand could be perfectly covered by PV
generation due to their strong time-correlation, as the optimisation results show. Still, it would
be much better to prevent cooling demand as much as possible by appropriate architecture or
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passive cooling methods such as solar shading and night ventilation. Also alternative active
cooling methods other than the conventional electric air-conditioning systems should be a
more sustainable option for the future and be considered in research and planning.

Nomenclature
cd — specific cooling demand for fully kaimate — factor of climate-induced change of
cooled non-residential areas, space heating demand, [-]
[kWhm2a] ke  — sensitivity coefficients global
Cpat  — Specific cooling demand for partially irradiation, [m?dMJ™]
cooled non-residential areas, kr — sensitivity coefficient temperature, [°C™]
[kWhm2a] SH - space heating demand, [kWha]
CDD - cooling degree days, [Kd] Hrs — space heating demand with reference
Glaimate— global irradiation from climate model, climate, [kWha‘l]
[MIm2dY Taimate — temperature from climate model, [°C]
Glrs — globa irradiation from reference Tre — temperature from reference climate,
climate, [MJm™d™] - [°C]
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