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Abstract 

The building sector is a major contributor to CO2 

emissions and, due to its inertia to change, is easily subject 

to lock-in effects. This paper presents the methodology to 

implement a target-oriented scenario. The model uses a 

detailed statistical base of Austria's building stock, from 

which a hybrid bottom-up approach is used to assess 

energy consumption trends, considering possible 

renovation paths and energy carrier allocation. Two 

scenarios (one 'Business as Usual' and one 'Best') are 

presented, which differ in terms of the ambition of 

renovation measures. Equivalent CO2 emissions are 

evaluated by considering different scenarios for the 

energy system. 

Highlights 

• methodology to implement a scenario for the building 

stock decarbonisation 

• role of energy demand reduction measures 

• role of heat pumps and district heating 

• impact on energy consumption and CO2 emissions 

Introduction 

Achieving the decarbonisation of the building sector by 

2050 requires a drastic reduction in CO2 emissions: this 

can be reached by improving the efficiency of the building 

stock and increasing the integration of renewable energy 

sources (RE) (UNEP (2021)). 

The necessity to provide a good depiction of the existing 

building stock as well as a good prediction of its 

development is important to have a global overview 

which allows to study and develop targeted policies to 

support the energy transition (Johansson et al. (2021); 

Fernandez-Luzuriaga et al. (2021)). In this perspective, 

energy scenarios emerge as an important tool since they 

allow the study of the impact of different measures with 

different boundary conditions. Several studies are 

available and provide a global depiction of the current 

European building stock, the characteristics of the 

different countries and the relative applicable efficiency 

measures (among others Dascalaki et al. (2016), 

Olkkonen et al. (2021)). A quantitative analysis of the 

measures allows to consider the required adaptation of the 

market and of the energy system. For example, the 

increasing demand for thermal insulation materials may 

represent a bottleneck that hinders the increase of building 

refurbishment rates. Along the same line, the anticipated 

increasing demand for new efficient heating systems like 

heat pumps (HPs) (Abbasi et al. (2021)) would find the 

European producers unable to meet this demand without 

a drastic increase in the production rate. The extension of 

the district heating (DH) grids, which can ensure a faster 

and efficient phase-out of inefficient decentral systems, is 

another challenge which should be considered since it 

requires deep structural interventions on the city-level 

(Jodeiri et al. (2022)). 

However, the mutual impact between the building sector 

(energy demand), and the energy sector (energy supply) 

is often overlooked. As pointed out by Ochs et al. (2023), 

energy efficiency measures taken on the building level do 

not lead to a corresponding impact in terms of CO2 

emissions, if a decarbonized energy system (electric and 

DH) is not reached. However, due to the scarce 

availability of RE, the decarbonisation of the building 

sector cannot overlook the reduction of the energy 

demand.  

Therefore, the present work addresses the methodology 

for the definition of an energy scenario to ensure the 

decarbonisation of the building stock. The building stock 

of Austria is presented as case study, considering that goal 

of the Austrian government is to achieve carbon neutrality 

in the energy system by 2050 (BMNT (2018)). 

Concerning the building sector, this goal will be achieved 

through a full transition of the electricity production 

system and the complete phase-out of fossil-based HVAC 

systems by 2040 and is actively supported by the thermal 

renovation of the building stock to reduce its energy 

demand. Starting from the analysis presented by 

Steininger et al. (2021), the study of the development of 

the Austrian building stock is presented. Two scenarios, 

differing in terms of ambitiousness of the building 

efficiency measures, are presented to provide an overview 

of their impact on the final energy demand and energy 

carriers. Moreover, a sensitivity analysis of the CO2 

emissions is conducted, using emissions factors that 

account for the possible paths towards the decarbonisation 

of the energy production, i.e. for electricity and DH. 

Methods 

In the development of the building stock scenario a 

bottom-up approach is followed.  

The tool implementation starts from the model developed 

in Excel environment by Dobler (2016) for the city of 

Innsbruck (Tyrol, Austria) and it extends it to the entire 

Austria.  
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The tool considers the status of an existing building stock 

and studies its yearly development until 2050 in terms of 

gross floor area (GFA) and final energy demand. Being 

the target of the study the decarbonisation of the building 

stock, specific measures are implemented in the tool 

concerning the renovation, the HVAC change and the 

type of technology used. These measures are introduced 

through specific parameters that can be set by the user: 

• thermal renovation depth; 

• thermal renovation rate 

• HVAC change type; 

• HVAC change rate. 

Different building categories are taken into consideration 

to account for the different specific space heating (SH) 

and domestic hot water (DHW) energy demand and for 

the type of associated energy carriers. A first distinction 

is between residential and non-residential buildings, 

considering the size and the intended use. In this work, the 

focus is on the residential buildings, therefore the building 

categories considered are single family houses (SFH) and 

small- and large multifamily houses (MFH). Within each 

building category, buildings are further clustered 

according to their construction period, in order to account 

for the progressive improvement of the envelope quality 

in the last years and for the consequent different 

distribution of the energy carriers.  

In the section Baseline definition, the process for the 

definition of the initial building stock is described, while 

section Scenario definition presents the measures applied 

to evaluate its evolution.  

A scheme of the followed method is provided in Figure 1. 

Baseline definition 

As basis data the model uses the description of the 

Austrian building stock in 2019 in terms of total GFA and 

number of buildings (STATcube (2020)) and the 

corresponding energy consumption (Statistik-Austria 

(2019)). The available base year is 2018 for energy 

statistics, therefore an extrapolation was made to 2020 

(the actual start of this scenario).  

The data concerning the specific energy demand for SH, 

DHW and household electricity are available from 

Austrian databases (Tabula (2020)) and from previous 

studies (Pfeifer (2017)).  

A noteworthy aspect in the definition of the energy 

consumption of the existing building stock is the 

prebound effect: several studies on existing building 

stocks have observed that buildings with high (calculated) 

heating energy demand present in reality lower heating 

energy consumption (Sunikka-Blank and Galvin (2012); 

Dermentzis et al. (2017)). To take this phenomenon into 

account, and since many buildings have already been 

renovated, an analysis of the available data concerning the 

quality (i.e. the heating demand used as input in the model) 

of the Austrian building stock was conducted. Figure 2 

shows the measured heating energy demand values (QM) 

of the analysed building types with the prebound 

correction (according to the Loga's correlation by Loga et 

al. (2011) versus the calculated ones (QC) (available from 

Tabula). Additionally the heating demand values 

available from the Tabula Web Tool for the same building 

types and construction years are presented. The values 

selected to be used in the tool to describe the quality of 

the existing building stock are those pf the Tabula Web 

Tool, as they correspond better to the total energy demand 

of residential buildings available in the statistics. 

However, the total final energy demand of the residential 

building stock obtained applying the defined energy 

demands to the building stock is higher than the one 

derived from the statistics. In order to account for non-

occupied buildings and non-heated spaces, additional 

calibration factors are used on the existing building stock 

energy demand to match the one available from Statistik-

 

Figure 1: Scheme of the Scenario methodology. Building categories and respective data are defined for both 

residential and non residential buildings, although only the former are presented in this paper, with categories SFH, 

small MFH and large MFH. 
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Austria (2019): 0.82 for SH, 0.75 for DHW and 0.65 for 

household electricity. 

 

Figure 2: Calculated (QC) from Tabula and measured 

(QM) SH demand according to the Loga’s correlation (in 

blue) and to the Tabula Web Tool data (in black) for the 

residential buildings. The different points are related to 

the different building periods. 

Table 1 presents the heating demand of the existing 

residential building stock defined from Tabula (2020), 

while Table 2 shows the share of energy carriers 

according to the construction period derived from the 

analysis of the work of Lechinger and Matzinger (2020). 

Table 3 presents an overview of the residential building 

stock. 

Scenarios definition  

In this work two different scenarios are presented, both 

aiming at achieving the phase-out of fossil-based systems, 

with the main difference being the level of ambition of 

thermal renovation, both in terms of rate and quality. The 

two scenarios are defined Business as Usual (BAU) and 

Best, according to the distinction presented by Tosatto et 

al. (2021). 

Building renovation and HVAC change ensure a 

reduction of the specific energy demand of the building 

thanks to the higher envelope quality and the improved 

efficiency of the newly installed HVAC, respectively. 

Two possible measures are therefore introduced in the 

tool: a full thermal renovation (which includes both 

envelope renovation and HVAC change) and HVAC 

Table 1: SH demand and final energy demand for DHW preparation of the existing building stock used as input in the 

scenario model with respect to the gross floor area (GFA), considering prebound effects and pre-renovation.(* most 

likely an inconsistency in the database). 

[kWh/m2/a] SH demand (useful energy) DHW demand (useful energy) 

Building Period SFH small MFH large MFH SFH small MFH large MFH 

 1919 108.6 101.1 87.1 23 24.2 20.8 

1920 1944 122.5 106.7 100.1 24 25.2 20.7 

1945 1960 107.4 106 89.8 23.8 25.9 20.6 

1961 1970 115.8 105.7 89.6 23.6 25.6 22.7 

1971 1980 115.8 105.7 89.6 23.5 25.6 23.7 

1981 1990 83.7 80.9 39.5 23.8 25.5 23.4 

1991 2000 80.6 74.2 67 23.9 25.6 23.5 

2001 2010 59.4* 60.0* 55.0* 23.5 25.3 23.7 

2011 2019 74 69.6 62.7 24.4 27.4 25.5 

Table 2: Energy carrier distribution for SH with respect to the total energy demand for the existing SFH and large 

MFH based on year of construction. 

Building 

Period 

Oil Gas Coal Wood Wood 

chips 

Pellets DH DE El. 

(HP) 

Amb. 

(HP) 

Solarth

. 

 SFH 

1919 0.47 0.14 0.01 0.23 0.06 0.02 0.03 0.02 0 0 0.01 

1920 -1970 ... ... ... ... ... ... ... ... ... ... ... 

1971 -1980 0.18 0.26 0 0.32 0.05 0.04 0.04 0.02 0.03 0.06 0.01 

1981-2010 ... ... ... ... ... ... ... ... ... ... ... 

2011-2019 0 0.32 0 0.37 0.04 0.06 0.04 0.02 0.05 0.09 0.01 

 small MFH 

1919 0.3 0.18 0.01 0.2 0.02 0.03 0.19 0.07 0 0 0 

1920 -1970 ... ... ... ... ... ... ... ... ... ... ... 

1971 -1980 0.11 0.28 0 0.22 0.01 0.03 0.21 0.07 0.02 0.03 0 

1981-2010 ... ... ... ... ... ... ... ... ... ... ... 

2011-2019 0 0.35 0 0.23 0.01 0.03 0.22 0.07 0.03 0.06 0.01 

 large MFH 

1919 0.2 0.26 0.01 0.04 0 0.02 0.41 0.06 0 0 0 

1920 -1970 ... ... ... ... ... ... ... ... ... ... ... 

1971 -1980 0.08 0.31 0 0.05 0 0.04 0.43 0.06 0.01 0.01 0 

1981-2010 ... ... ... ... ... ... ... ... ... ... ... 

2011-2019 0 0.34 0 0.06 0 0.06 0.44 0.06 0.01 0.02 0 
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change only. These measures are applied in terms of 

yearly rates of renovated GFA and buildings' GFA with 

HVAC change. 

Table 3: Summary of the status of the Austrian 

residential building stock in the base year (2019). 

Building category 

SFH small MFH  large MFH 

GFA / [m2] 

331,622,094  102,158,915  135,747,626 

n. of buildings 

1,846,670  187,981  79,970 

Final energy demand [MWh/a] 

SH 

33,685,522  9,395,771  10,303,882 

DHW 

5,886,496  1,955,608  2,310,226 

Household electricity 

7,150,056  1,924,065  2,651,368 

BAU and Best scenarios consider different levels of 

ambition in the renovation depth (see overview on Table 

7). Moreover, in the Best scenario, in new buildings and 

renovated buildings, an increased household electricity 

consumption of 2.5 kWh/m2/a is considered to account for 

the presence of mechanical ventilation systems and 

related auxiliaries. 

The energy demand for DHW production is also changed 

whenever a renovation occurs and in new buildings as 

from Table 4. 

Table 4: Useful energy demand for DHW preparation 

related to the GFA in new and existing buildings after 

efficiency measures. 
 SFH small MFH  large MFH 

 [kWh/m2/a] 

EDHW 13.1 11.8 13.4 

The HVAC change involves the change of the heating and 

DHW production system used in the building; in order to 

achieve the phase-out of fossil-based systems, it is 

assumed that no gas, coal or oil boilers are installed 

starting from 2020. Different energy carriers’ shares are 

considered depending on the building type and on 

whether the building is already existing or is newly built. 

Considering the transition to RE sources and the wide 

possibility offered by the improvement of these 

technologies, HPs and DH are assumed to cover the 

largest share of energy carriers. Table 5 presents the 

distribution of the different energy carriers for SH with 

respect to the GFA, in the studied building types. In 

particular, it is assumed that HPs are more likely to be the 

most common system in rural SFH, while DH is going to 

play a major role in MFH. This hypothesis is supported 

by the fact that there is currently no solution on the market 

for the substitution of decentral traditional fossil-based 

systems with HPs (Ochs et al. (2023)). On the other hand, 

biomass boilers will be mostly employed in renovated 

SFH, rather than in new buildings, whose better envelope 

quality will make the application of HPs more convenient. 

Table 5: Energy carrier share for SH with respect to the 

GFA for the studied building types in case of new 

construction and energy efficiency measures. 

 Biomass DH DE HP 

SFH 

HVAC 

change 

0.44 0.04 0.03 0.49 

new 0.03 0.03 0.04 0.91 

Small MFH 

HVAC 

change 

0.22 0.23 0.02 0.53 

new 0.02 0.18 0.03 0.77 

large MFH 

change 0.05 0.48 0.03 0.44 

new 0.01 0.43 0.04 0.52 

 

The efficiency of the newly installed HVAC is assumed 

to follow a linear increase along the time, as presented in 

Table 6, which shows the efficiency values at the 

beginning and at the end of the analysed period for both 

SH and DHW systems. For the latter, also storage and 

distribution losses are added. As highlighted by Lämmle 

et al. (2022), the seasonal performance factor (SPF) of 

HPs depends strongly on the operation temperature. 

Therefore two different SPFs are considered in the two 

scenarios to account for the better operation in presence 

of a high quality building envelope: 2 for the BAU 

scenario and 3 (increasing to 3.5 by 2050) for the Best. In 

the evaluation of the HP electricity demand for SH, the 

SPF considers the distribution losses. 

Table 6: Efficiency of the installed HVAC systems. 

 SH DHW 

 2020 2050 2020 2050 

Oil 0.89 0.9 0.87 0.89 

Gas 0.92 0.93 0.96 0.97 

Coal 0.7 0.72 0.68 0.7 

Biomass 0.72 0.75 0.72 0.75 

DH 0.91 0.92 1 1 

DE 1 1 1 1 

storage and distribution - - 0.6 

Different time intervals between the different measures 

(i.e. demolishment, construction, renovation, HVAC 

change) are considered for the two scenarios (see 

overview on Table 7). 

Currently, the rate of subsidized renovations of residential 

buildings in Austria is around 1 % comprehensive 

renovation equivalent (Amann et al. (2020)). However, 

the total renovation rate (including both subsidized and 

non-subsidized renovations) is 1.3 % for Tyrol 

(Ebenbichler et al. (2018)), and is assumed to be 

approximately 1.3 % for Austria in the BAU scenario. 

More ambitious rates are assumed for the Best scenario. 

An overview of the parameters applied in the two 

scenarios are presented in Table 7. 
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Table 7: Scenario parameters (GFA: Gross floor area, 

*: in relation to unit area). 

Parameter 

Demolishment rate of buildings / [%pa]* 

Built prior to 1980 0.7 

Built between 1980 and 1990 0.3 

Building GFA increase / [%pa]* 

 0.54 

(average) 

linked to population increase and useful GFA pp 

Scenario BAU Best 

Heating demand (renovated) / [kWh/m2/a] 

SFH 56 29.6 

small MFH 47 24.1 

large MFH 39 21.2 

Heating demand (new) / [kWh/m2/a] 

SFH 30 10 

small MFH 25 9 

large MFH 21 9 

Energy efficiency measures in existing buildings 

Renovation and HVAC change 

/[%pa]* 

1.3 2.4 

HVAC change only / [%pa]* 1.4 1.6 

Time interval between measures / [a] 

  25 22 

Heat Pumps 

SPF / [-] 2 3-3.5 

Domestic appliances efficiency improvement 

η / [%pa]* 0 +1 

 

CO2 emissions 

The CO2 equivalent conversion factors used in the 

analysis are presented in Figure 3. While for fossil fuels 

and biomass a constant factor is considered, a progressive 

decarbonisation of the energy mix for DH and electricity 

generation should be accounted. Two different paths are 

in this case considered: a less ambitious one (with a 50 % 

emissions reduction, Sz50 %) and one with a more 

optimistic decarbonisation (Net Zero, SzNZ). 

Results 

The scenario allows to estimate for the investigated 

building categories the final energy demand for SH, DHW 

preparation and household electricity (appliances and 

auxiliaries).  

Table 8 shows the total energy demand for SH and DHW 

preparation for the residential building stock in the base 

year and in 2050. It is possible to observe that a high rate 

of renovation of the building stock determines an increase 

in the share of energy demand for DHW with respect to 

SH in relative terms. It is important to remark that the 

thermal renovation allows to reduce the energy demand 

for SH, while the energy required for DHW preparation 

cannot decrease because it is related to the population and 

building GFA increase and the specific requirements. 

Table 8: Thermal energy demand for SH and DHW 

preparation in the residential buildings according to the 

studied scenarios. 

year Energy  / [GWh/a] 

SH DHW Tot. 

2018 53,385 10,152 63,537 

 84% 16%  

2050 (BAU) 41,446 14,442 55,889 

 74 % 26 %  

2050 (Best) 24,460 14,714 39,175 

 62% 38%  

Table 9 presents an overview of the building stock at the 

beginning of the study (i.e. 2020) and in the year 2050 for 

the studied scenarios. 

Table 9: Building stock overview (in terms of number of 

buildings) across the scenario. 

 [Number of buildings] 

 SFH small MFH large MFH 

2020 1,846,670 187,981 79,970 

2050 BAU 

new 414,799 44,601 18,931 

renovated 758,964 86,011 36,653 

HVAC ch. 856,096 78,311 33,373 

2050 Best 

new 381,748 40,914 17,260 

renovated 1,312,729 134,373 56,866 

HVAC ch. 934,310 93,746 39,793 

Figure 4 presents the resulting final energy demand 

associated to the different energy carriers for the first year, 

and for the two studied scenarios in years 2030, 2040 and 

2050. 

 

 

Figure 3: CO2 conversion factors defined for the 

analysis: low ambition decarbonisation Scenario 

(Sz50%), Net Zero Scenario (SzNZ). 
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Figure 4: Energy demand (SH, DHW preparation and 

household electricity) and energy carriers’distribution 

of the residential building stock in the two scenarios. 

In both scenarios, it is possible to observe that the phase 

out of fossiles starting from 2020 allows to reach a 

minimal share of oil and gas in case of the BAU scenario 

in 2050, while the higher HVAC change rate (thanks both 

to renovation and single measure, see Table 9) allows to 

remove entirely fossil systems in the Best scenario. The 

most significant difference between the two scenarios is 

observed in the total energy demand, which shows a slow 

decrease in the BAU scenario and a significative decrease 

in the Best scenario with respect to the starting year. 

The importance of reducing the energy demand is further 

highlighted in Figure 5, which shows the total electricity 

demand and the share required by HP operation (for both 

SH and DHW) in the two scenarios. The high share of HPs 

assumed to be installed in new and renovated buildings 

results in an increase of the respective energy demand, but 

the efficiency measures (i.e. reduced building SH demand) 

applied in the Best scenario allow to keep the total electric 

energy demand almost constant. 

In the BAU scenario instead, the high share of installed 

HPs meets a building stock with higher energy demand 

and results therefore in a significant increase of the total 

electricity demand (+60 % with respect to the Best 

scenario, considering an SPF of 2). This has an important 

effect on the actual feasibility of the energy mix and its 

decarbonisation. 

A similar path is observed on the DH energy demand (see 

Figure 6). The timid renovation measures assumed in the 

BAU scenario result in a slight decrease of the DH demand, 

while the Best scenario shows a significant decrease, 

considering the given assumptions regarding the energy 

carriers distribution in the scenarios (see Table 5). 

 

Figure 5: Total electrical energy demand and HP 

electric demand in the studied scenarios. 

 

Figure 6: DH energy demand and variation of the 

residential area supplied with DH. 

CO2 Emissions 

In order to highlight the challenge of achieving 

decarbonisation in the presence of a building stock with 

high electricity demand, a simplified comparison is here 

presented considering the number of football fields of PV 

needed to provide the required electric energy. To 

estimate the yearly solar radiation available, the reference 

climate for Austria is used (Meteonorm (2023)). The 

global radiation on a 45° tilted south-oriented PV panel 

(with conversion efficiency η=0.26, estimated for 2050 by 

Energistyrelsen (2022)) is derived (see Figure 7). 

 

Figure 7: Daily specific global radiation and moving 

average temperature for Austria. 

The number of football fields (90 m x 45 m) required to 

produce the total electricity demand required in the two 

scenarios is then derived and is presented in Table 10. The 

difference between the two scenarios in terms of the size 
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of the needed RE generation systems is clear and shows 

how the use of the same CO2 conversion factors cannot 

guarantee a correct interpretation of the scenario results 

since they would require a significantly different 

generation system structure. 

Table 10: Number of football fields PV. 

 BAU Best 

Football fields 29000 18000 

For the evaluation of the equivalent CO2 emissions, two 

scenarios were considered also for the energy system, as 

introduced in Figure 3. Figure 8 shows thereby the 

equivalent CO2 emissions for the residential building 

stock for the two scenarios presented in Figure 4. The area 

between the two curves for each building stock scenario 

represent the possible range of the CO2 emissions with the 

given energy system assumptions. 

In the presence of a fully decarbonised energy system 

(SzNZ), demand-side measures seem to have no impact: 

from the point of view of CO2 emissions, both BAU and 

Best scenarios appear to have low emissions. However, 

given the higher energy demand of the BAU scenario 

compared to the Best one, a less optimistic 

decarbonisation scenario for the energy system (Sz50 %), 

could be taken into account. In this case, the difference in 

CO2 emissions between the two scenarios is significantly 

higher. From the brief analysis presented in this paragraph, 

it can be inferred that energy reduction measures have an 

important impact on achieving the 2050 decarbonisation 

target. 

 

Figure 8: Equivalent CO2 emissions for the two building 

stock scenarios (BAU and Best) according to two 

decarbonisation scenarios of the energy system (Sz50% 

and SzNZ). 

Conclusion 

This paper presented the methodology to define energy 

scenarios of the building stock in Austria, considering 

different ambition levels in the applicable measures. Both 

energy reduction solutions (i.e. building renovation) and 

energy carriers shifts (i.e. HVAC change) were 

considered in the definition of the scenarios. To capture 

the complexity of the building stock, the buildings were 

distinguished by typology and period of construction. 

Hence, it was possible to assign the different energy 

carriers on the basis of the buildings' characteristics.  

Considering the increased role played by the electric 

system and the DH, the structure of the energy system was 

also taken into account in terms of equivalent CO2 

emissions.  

The results showed that, while the HVAC change is a 

fundamental step to achieve the phase-out of fossil-based 

systems, this measure must be supported by a significant 

reduction of the final energy demand. The massive 

electrification of the energy system, driven by the 

installation of HPs (both in single buildings and in DH 

grids) can lead to a significant increase of the total 

electricity demand, thus forcing the energy system to 

follow with high investments to be able to cover the 

demand with RE. 

It is important to remark that the energy demand of the 

building sector has a strong seasonal pattern, linked to the 

heating load. In a RE scenario dominated by HPs, this 

pattern will be translated to the electric energy demand. 

Considering the seasonal and daily fluctuation of RE, 

storage systems will play a fundamental role in the 

effective decarbonisation of the energy system in order to 

cover the winter gap between energy demand and RE 

availability. Further studies are ongoing to determine the 

role of storage systems in supporting the decarbonisation 

of the building sector, taking into account its seasonal 

profile. 
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