Appendix of experiments

The configurations of experiments for Fractional Factorial analysis, the Method of Morris and the Sobol Method are
reported in the following thee tables. The values used by CEGOIA for the actual parameters have been removed

from the table as these are proprietary.

Variables, groups, assessments, skews and multipliers used for Fractional Factorial analysis

1 agefactor_infra age_factor_1900 _infrastructure certain symmetrical 0,85 1,15
age_factor_1900_1945_infrastructure certain symmetrical 0,85 1,15
2 agefactor_insulres age_factor_1900_insulation_residential certain symmetrical 0,85 1,15
3 chs_coldloss_wko collective_heat_sources_cold_loss_factor_wko certain symmetrical 0,85 1,15
4 chs_cost_biomassplant collective_heat_sources_costs_biomass_plant_none very uncertain positive 0,85 1,50
5 chs_cost_ccplant collective_heat_sources_costs_combined_cycle_plant_none very uncertain positive 0,85 1,50
collective_heat_sources_costs_geothermal_energy_geothermal_in
6 chs_cost_geothermal vestment very uncertain positive 0,85 1,50
collective_heat_sources_costs_geothermal_energy_mt_geotherm
7 chs_cost_geothermalMT al_investment very uncertain positive 0,85 1,50
8 chs_cost_pvt collective_heat_sources_costs_pvt_none very uncertain positive 0,85 1,50
collective_heat_sources_pvt_wko_pvt_none very uncertain positive 0,85 1,50
collective_heat_sources_heat_supply_pvt very uncertain positive 0,85 1,50
9 chs_cost_seawater collective_heat_sources_costs_sea_water_vvlt_none very uncertain positive 0,85 1,50
10 chs_cost_surfacewater collective_heat_sources_costs_surface_water_vlt_none very uncertain positive 0,85 1,50
11 chs_cost_wasteheat collective_heat_sources_costs_waste_heat_industry_none very uncertain positive 0,85 1,50
12 chs_cost_wasteheatL T collective_heat_sources_costs_waste_heat_It_none very uncertain positive 0,85 1,50
13 chs_cost_wastetoplant collective_heat_sources_costs_waste_to_energy_plant_none very uncertain positive 0,85 1,50
14 chs_cost_wkk collective_heat_sources_costs_wkk_none very uncertain positive 0,85 1,50
15 chs_cost_wko collective_heat_sources_costs_wko_none very uncertain positive 0,85 1,50
16 chs_eff_biomassplant collective_heat_sources_efficiency_biomass_plant certain symmetrical 0,85 1,15
17 chs_eff_ccplant collective_heat_sources_efficiency_combined_cycle_plant certain symmetrical 0,85 1,15
18 chs_eff_geothermal collective_heat_sources_efficiency_geothermal_energy certain symmetrical 0,85 1,15
19 chs_eff_geothermalMT collective_heat_sources_efficiency_geothermal_energy_mt certain symmetrical 0,85 1,15
20 chs_eff_heatupgrade collective_heat_sources_efficiency_heat_upgrade certain symmetrical 0,85 1,15
21 chs_eff_pvt collective_heat_sources_efficiency_pvt certain symmetrical 0,85 1,15
22 chs_eff_seawater collective_heat_sources_efficiency_sea_water_wvit certain symmetrical 0,85 1,15
23 chs_eff_surfacewater collective_heat_sources_efficiency_surface_water_vit certain symmetrical 0,85 1,15
24 chs_eff_wasteheat collective_heat_sources_efficiency_waste_heat_industry certain symmetrical 0,85 1,15
25 chs_eff_wasteheatL T collective_heat_sources_efficiency_waste_heat_|t certain symmetrical 0,85 1,15
26 chs_eff_wastetoplant collective_heat_sources_efficiency_waste_to_energy_plant certain symmetrical 0,85 1,15
27  chs_eff_wkk collective_heat_sources_efficiency_wkk certain symmetrical 0,85 1,15
28 chs_eff_wko collective_heat_sources_efficiency_wko certain symmetrical 0,85 1,15
29 chs_eff_wwksupply collective_heat_sources_efficiency_wkk_supply certain symmetrical 0,85 1,15
30 chs_effcold_wko collective_heat_sources_efficiency_coldnet_wko certain symmetrical 0,85 1,15
31 chs_heatloss_biomassplant collective_heat_sources_heat_loss_factor_biomass_plant certain symmetrical 0,85 1,15
32 chs_heatloss_ccplant collective_heat_sources_heat_loss_factor_combined_cycle_plant certain symmetrical 0,85 1,15
33 chs_heatloss_geothermal collective_heat_sources_heat_loss_factor_geothermal_energy certain symmetrical 0,85 1,15
chs_heatloss_geothermalM
34 T collective_heat_sources_heat_loss_factor_geothermal_energy_mt certain symmetrical 0,85 1,15
35 chs_heatloss_pvt collective_heat_sources_heat_loss_factor_pvt certain symmetrical 0,85 1,15
36 chs_heatloss_seawater collective_heat_sources_heat_loss_factor_sea_water_wvit certain symmetrical 0,85 1,15
37 chs_heatloss_surfacewater collective_heat_sources_heat_loss_factor_surface_water_vit certain symmetrical 0,85 1,15
38 chs_heatloss_wasteheat collective_heat_sources_heat_loss_factor_waste_heat_industry certain symmetrical 0,85 1,15
39 chs_heatloss_wasteheatL.T collective_heat_sources_heat_loss_factor_waste_heat_lIt certain symmetrical 0,85 1,15
40 chs_heatloss_wastetoplant collective_heat_sources_heat_loss_factor_waste_to_energy_plant certain symmetrical 0,85 1,15
41 chs_heatloss_wkk collective_heat_sources_heat_loss_factor_wkk certain symmetrical 0,85 1,15
42 chs_heatloss_wko collective_heat_sources_heat_loss_factor_wko certain symmetrical 0,85 1,15
43 chs_maint_biomassplant collective_heat_sources_maintenance_biomass_plant uncertain symmetrical 0,75 1,25
44 chs_maint_ccplant collective_heat_sources_maintenance_combined_cycle_plant uncertain symmetrical 0,75 1,25
45 chs_maint_geothermal collective_heat_sources_maintenance_geothermal_energy uncertain symmetrical 0,75 1,25
46 chs_maint_geothermalMT collective_heat_sources_maintenance_geothermal_energy_mt uncertain symmetrical 0,75 1,25
47 chs_maint_pvt collective_heat_sources_maintenance_pvt uncertain symmetrical 0,75 1,25
48 chs_maint_seawater collective_heat_sources_maintenance_sea_water_wvlt uncertain symmetrical 0,75 1,25
49 chs_maint_surfacewater collective_heat_sources_maintenance_surface_water_vit uncertain symmetrical 0,75 1,25
50 chs_maint_wasteheat collective_heat_sources_maintenance_waste_heat_industry uncertain symmetrical 0,75 1,25
51 chs_maint_wasteheatL T collective_heat_sources_maintenance_waste_heat_|It uncertain symmetrical 0,75 1,25
52 chs_maint_wastetoplant collective_heat_sources_maintenance_waste_to_energy_plant uncertain symmetrical 0,75 1,25
53 chs_maint_wkk collective_heat_sources_maintenance_wkk uncertain symmetrical 0,75 1,25
54 chs_maint_wko collective_heat_sources_maintenance_wko uncertain symmetrical 0,75 1,25
55 chs_prodcost_biomassplant collective_heat_sources_production_costs_biomass_plant_none very uncertain positive 0,85 1,50
collective_heat_sources_production_costs_combined_cycle_plant
56 chs_prodcost_ccplant _none very uncertain positive 0,85 1,50
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space_heating_utility_retail_before_1920_1 space_heating
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space_heating_utility_lodging_before_1920_1_space_heating
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costs_insulation_1_mid_terrace_before_1900

costs_insulation_2_detached_before_1900
costs_insulation_2_semi_detached_before_1900
costs_insulation_2_end_of_terrace_before_1900
costs_insulation_2_mid_terrace_before_1900

costs_insulation_3_detached_before_1900
costs_insulation_3_semi_detached_before_1900
costs_insulation_3_end_of_terrace_before_1900
costs_insulation_3_mid_terrace_before_1900
load_stacked_dwellings
load_unstacked_dwellings
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load_utility
primary_airwaterHP_cost
primary_airwaterHP_efficie
ncy

primary_airwaterHP_mainte
nance
primary_condensationboiler
_cost
primary_condensationboiler
_efficiency

primary_condensationboiler
_maintenance
primary_exchangerHT_cost
primary_exchangerHT_effic
iency

primary_exchangerHT_mai
ntenance
primary_exchangerLT_cost
primary_exchangerLT_effici
ency

primary_exchangerLT_indiv
idualHP_cost

primary_exchangerLT_indiv
idualHP_efficiency

primary_exchangerLT_indiv
idualHP_fraction

load_utility

primary_system_costs_heatpump_air_water_none
primary_system_efficiency_heatpump_air_water_space_heating_3
_electricity COP_heatpump
primary_system_efficiency_heatpump_air_water_space_heating_2
_electricity_ COP_heatpump
primary_system_efficiency_heatpump_air_water_space_heating_2
_electricity COP_heatpump
primary_system_efficiency_heatpump_air_water_space_heating_1
_electricity_ COP_heatpump
primary_system_efficiency_heatpump_air_water_space_cooling_e
lectricity_none
primary_system_efficiency_heatpump_air_water_hot_tap_water_e
lectricity_none

primary_system_maintenance_heatpump_air_water

primary_system_costs_condensation_boiler_none
primary_system_efficiency_condensation_boiler_space_heating_g
as_none
primary_system_efficiency_condensation_boiler_hot_tap_water_g
as_none
primary_system_efficiency_condensation_boiler_space_heating_e
lectricity_none
primary_system_efficiency_condensation_boiler_hot_tap_water_el
ectricity_none

primary_system_maintenance_condensation_boiler

primary_system_costs_heat_exchanger_ht_none
primary_system_efficiency_heat_exchanger_ht_space_heating_w
ater_heatnet_ht_none
primary_system_efficiency_heat_exchanger_ht_hot_tap_water_wa
ter_heatnet_ht_none
primary_system_efficiency_heat_exchanger_ht_space_heating_el
ectricity_none
primary_system_efficiency_heat_exchanger_ht_hot_tap_water_el
ectricity_none

primary_system_maintenance_heat_exchanger_ht

primary_system_costs_heat_exchanger_lIt_none
primary_system_efficiency_heat_exchanger_lIt_space_heating_wa
ter_heatnet_It_none
primary_system_efficiency_heat_exchanger_It_space_heating_ele
ctricity_none
primary_system_costs_heat_exchanger_lIt_with_individual_heatpu
mp_none
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_3_water_heatnet_It_COP_heat_exchange
r_with_heatpump
primary_system_efficiency_heat_exchanger_lIt_with_individual_he
atpump_space_heating_3_electricity COP_heat_exchanger_with_
heatpump
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_2_water_heatnet_It_COP_heat_exchange
r_with_heatpump
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_2_electricity_ COP_heat_exchanger_with_
heatpump
primary_system_efficiency_heat_exchanger_lIt_with_individual_he
atpump_space_heating_1_water_heatnet_It_COP_heat_exchange
r_with_heatpump
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_1_electricity COP_heat_exchanger_with_
heatpump
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_1_water_heatnet_It_COP_heat_exchange
r_with_heatpump
primary_system_efficiency_heat_exchanger_lIt_with_individual_he
atpump_space_heating_1_electricity COP_heat_exchanger_with_
heatpump
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_2_water_heatnet_It_COP_heat_exchange
r_with_heatpump
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_heating_2_electricity_ COP_heat_exchanger_with_
heatpump
primary_system_efficiency_heat_exchanger_lIt_with_individual_he
atpump_space_cooling_water_heatnet_It_none
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_space_cooling_electricity_none
primary_system_efficiency_heat_exchanger_lIt_with_individual_he
atpump_hot_tap_water_water_heatnet_It_none
primary_system_efficiency_heat_exchanger_It_with_individual_he
atpump_hot_tap_water_electricity_none
primary_system_fraction_heat_exchanger_It_with_individual_heat
pump_space_heating_3_water_heatnet_|t
primary_system_fraction_heat_exchanger_lIt_with_individual_heat
pump_space_heating_2_water_heatnet |t
primary_system_fraction_heat_exchanger_It_with_individual_heat
pump_space_heating_1_water_heatnet_|It
primary_system_fraction_heat_exchanger_lt_with_individual_heat
pump_space_heating_1_water_heatnet_|t
primary_system_fraction_heat_exchanger_It_with_individual_heat
pump_space_heating_2_water_heatnet_|t
primary_system_fraction_heat_exchanger_lt_with_individual_heat
pump_space_cooling_water_heatnet_|t
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primary_exchangerLT_indiv
idualHP_maintenance
primary_exchangerLT_main
tenance
primary_exchangerMT_cost
primary_exchangerMT_effic
iency

primary_exchangerMT_mai
ntenance
primary_exchangerVLT_ind
ividualHP_cost

primary_exchangerVLT_ind
ividualHP_efficiency

primary_exchangerVLT_ind
ividualHP_fraction

primary_exchangerVLT_ind
ividualHP_maintenance
primary_exchangerWKO_c
ost
primary_exchangerWKO_ef
ficiency

primary_exchangerWKO_fr
action

primary_exchangerWWKO_m
aintenance
primary_hybridairHP_cost
primary_hybridairHP_efficie
ncy

primary_system_fraction_heat_exchanger_It_with_individual_heat
pump_hot_tap_water_water_heatnet_lIt
primary_system_maintenance_heat_exchanger_lt_with_individual
_heatpump

primary_system_maintenance_heat_exchanger_|It

primary_system_costs_heat_exchanger_mt_none
primary_system_efficiency_heat_exchanger_mt_space_heating_w
ater_heatnet_mt_none
primary_system_efficiency_heat_exchanger_mt_hot_tap_water_w
ater_heatnet_mt_none
primary_system_efficiency_heat_exchanger_mt_space_heating_el
ectricity_none
primary_system_efficiency_heat_exchanger_mt_hot_tap_water_el
ectricity_none

primary_system_maintenance_heat_exchanger_mt
primary_system_costs_heat_exchanger_vlt_with_individual_heatp
ump_none
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_3_water_heatnet_vit COP_heat_exchan
ger_with_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_3_electricity COP_heat_exchanger_with
_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_2_water_heatnet_vlt_COP_heat_exchan
ger_with_heatpump
primary_system_efficiency_heat_exchanger_vit_with_individual_h
eatpump_space_heating_2_electricity COP_heat_exchanger_with
_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_1_water_heatnet_vit COP_heat_exchan
ger_with_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_1_electricity COP_heat_exchanger_with
_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_1_water_heatnet_vlt_COP_heat_exchan
ger_with_heatpump
primary_system_efficiency_heat_exchanger_vlit_with_individual_h
eatpump_space_heating_1_electricity COP_heat_exchanger_with
_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_2_water_heatnet_vit COP_heat_exchan
ger_with_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_heating_2_electricity COP_heat_exchanger_with
_heatpump
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_cooling_water_heatnet_vlt_none
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_space_cooling_electricity_none
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_hot_tap_water_water_heatnet_vlt_none
primary_system_efficiency_heat_exchanger_vlt_with_individual_h
eatpump_hot_tap_water_electricity_none
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_space_heating_3_water_heatnet_vit
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_space_heating_2_water_heatnet_vlt
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_space_heating_1_water_heatnet_vlt
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_space_heating_1_water_heatnet_vit
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_space_heating_2_water_heatnet_vlt
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_space_cooling_water_heatnet_vlt
primary_system_fraction_heat_exchanger_vlt_with_individual_hea
tpump_hot_tap_water_water_heatnet_vlt
primary_system_maintenance_heat_exchanger_vlt_with_individua
|_heatpump

primary_system_costs_heat_exchanger_wko_none
primary_system_efficiency_heat_exchanger_wko_space_heating_
water_heatnet_wko_none
primary_system_efficiency_heat_exchanger_wko_space_heating_
electricity_none
primary_system_efficiency_heat_exchanger_wko_space_heating_
water_coldnet_wko_none
primary_system_efficiency_heat_exchanger_wko_space_cooling_
water_heatnet_wko_none
primary_system_efficiency_heat_exchanger_wko_space_cooling_
water_coldnet_wko_none
primary_system_efficiency_heat_exchanger_wko_space_cooling_
electricity_none
primary_system_fraction_heat_exchanger_wko_space_heating_w
ater_heatnet_wko
primary_system_fraction_heat_exchanger_wko_space_cooling_w
ater_coldnet_wko

primary_system_maintenance_heat_exchanger_wko
primary_system_costs_hybrid_air_heatpump_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
3_gas_none
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primary_hybridairHP_fractio
n

primary_hybridairHP_maint
enance
primary_hybridventilationH
P_cost
primary_hybridventilationH
P_efficiency

primary_hybridventilationH
P_fraction

primary_hybridventilationH
P_maintenance
primary_hydrogenairHP_co
st

primary_system_efficiency_hybrid_air_heatpump_space_heating_
3_electricity COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating_
2_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
2_electricity COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating_
2_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
2_electricity COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating_
1_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
1_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating_
1_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
1_electricity COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating_
0_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
0_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating_
0_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating_
0_electricity COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_hot_tap_water_
gas_none
primary_system_efficiency_hybrid_air_heatpump_hot_tap_water_
electricity_none
primary_system_fraction_hybrid_air_heatpump_space_heating_3
gas
primary_system_fraction_hybrid_air_heatpump_space_heating_2_
gas
primary_system_fraction_hybrid_air_heatpump_space_heating_2
gas
primary_system_fraction_hybrid_air_heatpump_space_heating_1_
gas
primary_system_fraction_hybrid_air_heatpump_space_heating_1_
gas
primary_system_fraction_hybrid_air_heatpump_space_heating_0_
gas
primary_system_fraction_hybrid_air_heatpump_space_heating_0_
gas
primary_system_fraction_hybrid_air_heatpump_hot_tap_water_ga
s

primary_system_maintenance_hybrid_air_heatpump

primary_system_costs_hybrid_ventilation_heatpump_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_3_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_3_electricity_ COP_heatpump
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_2_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_2_electricity_COP_heatpump
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_2_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_2_electricity_ COP_heatpump
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_1_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_1_electricity_ COP_heatpump
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_1_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_1_electricity_COP_heatpump
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_0_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_space_h
eating_0_electricity_COP_heatpump
primary_system_efficiency_hybrid_ventilation_heatpump_hot_tap_
water_gas_none
primary_system_efficiency_hybrid_ventilation_heatpump_hot_tap_
water_electricity_none
primary_system_fraction_hybrid_ventilation_heatpump_space_he
ating_3_gas
primary_system_fraction_hybrid_ventilation_heatpump_space_he
ating_2_gas
primary_system_fraction_hybrid_ventilation_heatpump_space_he
ating_2_gas
primary_system_fraction_hybrid_ventilation_heatpump_space_he
ating_1_gas
primary_system_fraction_hybrid_ventilation_heatpump_space_he
ating_1_gas
primary_system_fraction_hybrid_ventilation_heatpump_space_he
ating_0_gas
primary_system_fraction_hybrid_ventilation_heatpump_hot_tap_w
ater_gas

primary_system_maintenance_hybrid_ventilation_heatpump

primary_system_costs_hybrid_hydrogen_air_heatpump_none
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1,50
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15

1,15

1,50



229

230

231

232

233

234

235

237

primary_hydrogenairHP_effi
ciency

primary_hydrogenairHP_fra
ction

primary_hydrogenairHP_m
aintenance
primary_hydrogenboiler_co
st
primary_hydrogenboiler_effi
ciency

primary_hydrogenboiler_ma
intenance
primary_hydrogenventilatio
nHP_cost
primary_hydrogenventilatio
nHP_efficiency

primary_hydrogenventilatio
nHP_fraction

primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_3_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_3_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_2_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_2_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_2_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_2_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_1_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_1_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_1_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_1_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_0_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_0_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_0_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_spac
e_heating_0_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_air_heatpump_hot_t
ap_water_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_air_heatpump_hot_t
ap_water_electricity_none
primary_system_fraction_hybrid_hydrogen_air_heatpump_space_
heating_3_hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_space__
heating_2_hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_space_
heating_2_hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_space_
heating_1 hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_space_
heating_1_hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_space_
heating_0_hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_space_
heating_0_hydrogen
primary_system_fraction_hybrid_hydrogen_air_heatpump_hot_tap
_water_hydrogen

primary_system_maintenance_hybrid_hydrogen_air_heatpump

primary_system_costs_hydrogen_boiler_none
primary_system_efficiency_hydrogen_boiler_space_heating_hydro
gen_none
primary_system_efficiency_hydrogen_boiler_hot_tap_water_hydro
gen_none
primary_system_efficiency_hydrogen_boiler_space_heating_electr
icity_none
primary_system_efficiency_hydrogen_boiler_hot_tap_water_electri
city_none

primary_system_maintenance_hydrogen_boiler
primary_system_costs_hybrid_hydrogen_ventilation_heatpump_n
one
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_3_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_3_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_2_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_2_electricity_ COP_heatpump
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_2_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_2_electricity_ COP_heatpump
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_1_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_1_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_1_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_1_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_0_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_space_heating_0_electricity COP_heatpump
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_hot_tap_water_hydrogen_none
primary_system_efficiency_hybrid_hydrogen_ventilation_heatpum
p_hot_tap_water_electricity_none
primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
space_heating_3_hydrogen
primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
space_heating_2_hydrogen

certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
very uncertain
very uncertain
certain
certain
certain
certain
very uncertain
very uncertain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain

certain

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical

0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,50
0,50
0,85
0,85
0,85
0,85
0,50
0,50
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85

0,85

1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15

1,15



238
239

240

241
242

243

244

245
246

247

248

249

250

251

252

253
254

256

257

258
259

260

261

262

263

264

265

primary_hydrogenventilatio
nHP_maintenance
primary_pelletboiler_cost
primary_pelletboiler_efficien
cy

primary_pelletboiler_mainte
nance

primary_waterHP_cost

primary_waterHP_efficiency

primary_waterHP_maintena
nce
reinforcement_cost_residen
tial

secondary_airco_cost

secondary_airco_efficiency

secondary_airco_fraction
secondary_airco_maintena
nce
secondary_mechanical_cos
t
secondary_mechanical_effi
ciency
secondary_mechanical_frac
tion
secondary_mechanical_mai
ntenance
secondary_shower_cost
secondary_shower_reducti
onfactor
secondary_solarboiler_cost
secondary_solarboiler_mai
ntenance
secondary_solarboiler_redu
ctionfactor
secondary_solarpanel_cost
secondary_solarpanel_mai
ntenance
secondary_solarpanel_redu
ctionfactor
secondary_waterheater_co
st
secondary_waterheater_effi
ciency
secondary_waterheater_fra
ction
secondary_waterheater_ma
intenance

primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
space_heating_2_hydrogen
primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
space_heating_1_hydrogen
primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
space_heating_1_hydrogen
primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
space_heating_0_hydrogen
primary_system_fraction_hybrid_hydrogen_ventilation_heatpump_
hot_tap_water_hydrogen
primary_system_maintenance_hybrid_hydrogen_ventilation_heatp
ump
primary_system_costs_pellet_boiler_none
primary_system_efficiency_pellet_boiler_space_heating_biomass_
none
primary_system_efficiency_pellet_boiler_hot_tap_water_biomass_
none
primary_system_efficiency_pellet_boiler_space_heating_electricity
none

primary_system_maintenance_pellet_boiler
primary_system_costs_heatpump_water_water_none
primary_system_efficiency_heatpump_water_water_space_heatin
g_3_electricity COP_heatpump
primary_system_efficiency_heatpump_water_water_space_heatin
g_2_electricity COP_heatpump
primary_system_efficiency_heatpump_water_water_space_heatin
g_2_electricity COP_heatpump
primary_system_efficiency_heatpump_water_water_space_heatin
g_1_electricity COP_heatpump
primary_system_efficiency_heatpump_water_water_space_coolin
g_electricity_none
primary_system_efficiency_heatpump_water_water_hot_tap_wate
r_electricity_none

primary_system_maintenance_heatpump_water_water

grid_reinforcement_costs_residential
secondary_system_costs_split_system_air_conditioner_none
secondary_system_efficiency_split_system_air_conditioner_space
_cooling_electricity_none
secondary_system_fraction_split_system_air_conditioner_space_c
ooling_electricity

secondary_system_maintenance_split_system_air_conditioner

secondary_system_costs_mechanical_ventilation_none
secondary_system_efficiency_mechanical_ventilation_ventilation_
electricity_none
secondary_system_fraction_mechanical_ventilation_ventilation_el
ectricity

secondary_system_maintenance_mechanical_ventilation

secondary_system_costs_heat_recovery_shower_none
secondary_system_reduction_factor_heat_recovery_shower_hot_t
ap_water

secondary_system_costs_solar_boiler_none
secondary_system_maintenance_solar_boiler

secondary_system_reduction_factor_solar_boiler_hot_tap_water
secondary_system_costs_solar_panel_none

secondary_system_maintenance_solar_panel
secondary_system_reduction_factor_solar_panel_electricity
secondary_system_costs_electric_water_heater_none
secondary_system_efficiency_electric_water_heater_hot_tap_wat
er_electricity_none
secondary_system_fraction_electric_water_heater_hot_tap_water
_electricity

secondary_system_maintenance_electric_water_heater

certain
certain
certain
certain
certain

very uncertain
very uncertain

very uncertain
very uncertain
certain

very uncertain
very uncertain

certain
certain
certain
certain
certain
certain
very uncertain

very uncertain
very uncertain

certain
certain
very uncertain
very uncertain
certain
certain

very uncertain
very uncertain

certain
very uncertain

very uncertain

certain
very uncertain

very uncertain
certain
very uncertain
certain
certain

very uncertain

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical

symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical

0,85
0,85
0,85
0,85
0,85

0,50
0,50

0,50
0,50
0,85

0,50
0,50

0,85
0,85
0,85
0,85
0,85
0,85
0,50

0,50
0,50

0,85
0,85
0,50
0,50
0,85
0,85

0,50
0,50

0,85
0,50

0,50

0,85
0,50

0,50
0,85
0,50
0,85
0,85

0,50

1,15
1,15
1,15
1,15
1,15

1,50
1,50

1,50
1,50
1,15

1,50
1,50

1,15
1,15
1,15
1,15
1,15
1,15
1,50

1,50
1,50

1,15
1,15
1,50
1,50
1,15
1,15

1,50
1,50

1,15
1,50

1,50

1,15
1,50

1,50
1,15
1,50
1,15
1,15

1,50



Variables, groups, assessments, skews and multipliers used for the Method of Morris

10

11

12

13

14
15

16

17
18

19

20

21

22

23

24

agefactor_infra

agefactor_insulres
chs_cost_geothermal

chs_cost_wasteheat
chs_cost_wastetoplant
chs_eff_geothermal

chs_eff waste
chs_eff wasteheat
chs_heatloss_geothermal

chs_heatloss_waste

chs_maint_geothermal
chs_maint_wasteheat

chs_prodcost

costs_biomass
curve_COP_heatexchanger
_2050
curve_COP_heatpump_205
0
curve_price_electricity 2050
curve_price_gas_2050

demand_residential_cooling

demand_residential_heat_st
acked

demand_residential_heat_u
nstacked

demand_residential_tapwate
r
demand_residential_ventilati
on

demand_utility_appliances

age_factor_1900_infrastructure

age_factor_1900_1945 _infrastructure
age_factor_1900_insulation_residential
collective_heat_sources_costs_geothermal_energy_geothermal_
investment
collective_heat_sources_costs_geothermal_energy_mt_geother
mal_investment
collective_heat_sources_costs_waste_heat_industry_none
collective_heat_sources_costs_waste_to_energy_plant_none
collective_heat_sources_efficiency_geothermal_energy
collective_heat_sources_efficiency_geothermal_energy_mt
collective_heat_sources_efficiency_waste_heat_industry
collective_heat_sources_efficiency_waste_to_energy_plant
collective_heat_sources_heat_loss_factor_geothermal_energy
collective_heat_sources_heat_loss_factor_geothermal_energy_
mt
collective_heat_sources_heat_loss_factor_waste_heat_industry
collective_heat_sources_heat_loss_factor_waste_to_energy_pla
nt

collective_heat_sources_maintenance_geothermal_energy
collective_heat_sources_maintenance_geothermal_energy_mt
collective_heat_sources_maintenance_waste_to_energy_plant
collective_heat_sources_maintenance_waste_heat_industry
collective_heat_sources_production_costs_waste_to_energy_pla
nt_none
collective_heat_sources_production_costs_biomass_plant_none
collective_heat_sources_production_costs_combined_cycle_pla
nt_none

costs_biomass_none
COP_heat_exchanger_with_heatpump_2050

COP_heatpump_2050

electricity_price_2050
natural_gas_price_2050
green_gas_price_2050

gas_price_2050
energy_demand_residential_space_cooling_3

energy_demand_residential_space_cooling_2
energy_demand_residential_space_cooling_1
energy_demand_residential_space_cooling_0
heat_demand_residential_stacked_before_1900

heat_demand_residential_stacked_1900_1945
heat_demand_residential_stacked_1946_1991
heat_demand_residential_stacked_1992_2005
heat_demand_residential_stacked_after_2005
heat_demand_residential_detached_before_1900

heat_demand_residential_semi_detached_before_1900
heat_demand_residential_end_of_terrace_before_1900
heat_demand_residential_mid_terrace_before_1900
heat_demand_residential_detached_1900_1945
heat_demand_residential_semi_detached_1900_1945
heat_demand_residential_end_of_terrace_1900_1945
heat_demand_residential_mid_terrace_1900_1945
heat_demand_residential_detached_1946_1991
heat_demand_residential_semi_detached_1946_1991
heat_demand_residential_end_of_terrace_1946_1991
heat_demand_residential_mid_terrace_1946_1991
heat_demand_residential_detached_1992_2005
heat_demand_residential_semi_detached_1992_2005
heat_demand_residential_end_of_terrace_1992_2005
heat_demand_residential_mid_terrace_1992_ 2005
heat_demand_residential_detached_after_2005
heat_demand_residential_semi_detached_after_2005
heat_demand_residential_end_of_terrace_after_2005
heat_demand_residential_mid_terrace_after_2005
energy_demand_residential_hot_tap_water

energy_demand_residential_ventilation_3
energy_demand_residential_ventilation_2
energy_demand_utility_electrical_appliances_meeting
energy_demand_utility_electrical_appliances_healthcare
energy_demand_utility_electrical_appliances_offices
energy_demand_utility_electrical_appliances_lodging
energy_demand_utility_electrical_appliances_education

energy_demand_utility_electrical_appliances_sports

certain
certain
certain
very uncertain

very uncertain

very uncertain
very uncertain
certain
certain
certain
certain
certain
certain

certain
certain

uncertain
uncertain
uncertain
uncertain
very uncertain

very uncertain
very uncertain

very uncertain
very uncertain

very uncertain

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain

very uncertain
very uncertain
very uncertain
very uncertain

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
uncertain

uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain

uncertain

symmetrical
symmetrical
symmetrical
positive

positive

positive

positive

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
positive

positive
positive

positive
symmetrical

symmetrical

positive
positive
positive
positive
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical

0,85
0,85
0,85
0,85
0,85

0,85
0,85

0,85

0,85
0,85

0,85
0,5

0,5
0,85
0,85
0,85
0,85

0,500
0,500
0,500

0,500

1,15
1,15
1,15
1,50
1,50

1,50
1,50

1,50

1,50
1,50

1,25
1,25
1,25
1,25
1,25

1,25
0



25

26

27

28

demand_utility_cooling

demand_utility_heat_Ivi0

demand_utility_heat_Ivi1

demand_utility_heat_IvI2

energy_demand_utility_electrical_appliances_retail
energy_demand_utility_space_cooling_meeting
energy_demand_utility_space_cooling_healthcare
energy_demand_utility_space_cooling_offices
energy_demand_utility_space_cooling_lodging
energy_demand_utility_space_cooling_education
energy_demand_utility_space_cooling_sports
energy_demand_utility_space_cooling_retail

space_heating_utility_offices_before_1920_0_space_heating
space_heating_utility_offices_1920_1974_0_space_heating
space_heating_utility_offices_1975_1989_0_space_heating
space_heating_utility_offices_1990_1994_0_space_heating
space_heating_utility_offices_after_1994 0_space_heating
space_heating_utility_retail_before_1920_0_space_heating
space_heating_utility_retail_1920_1974_0_space_heating
space_heating_utility_retail_1975_1989_0_space_heating
space_heating_utility_retail_1990_1994 _0_space_heating
space_heating_utility_retail_after_1994_0_space_heating
space_heating_utility_healthcare_before_1920_0_space_heatin
9
space_heating_utility_healthcare_1920_1974_0_space_heating
space_heating_utility_healthcare_1975_1989_0_space_heating
space_heating_utility_healthcare_1990_1994_0_space_heating
space_heating_utility_healthcare_after 1994 _0_space_heating
space_heating_utility lodging_before_1920_0_space_heating
space_heating_utility lodging_1920_ 1974 0_space_heating
space_heating_utility_lodging_1975_1989_0_space_heating
space_heating_utility_lodging_1990_1994_0_space_heating
space_heating_utility_lodging_after_1994_0_space_heating
space_heating_utility_education_before_1920_0_space_heating
space_heating_utility_education_1920 1974 0_space_heating
space_heating_utility_education_1975_1989_0_space_heating
space_heating_utility_education_1990_1994 0_space_heating
space_heating_utility_education_after_1994 0_space_heating
space_heating_utility_meeting_before_1920_0_space_heating
space_heating_utility_meeting_1920_1974_0_space_heating
space_heating_utility_meeting_1975_1989 0_space_heating
space_heating_utility_meeting_1990_1994_0_space_heating
space_heating_utility_meeting_after_1994_0_space_heating
space_heating_utility_sports_before_1920_0_space_heating
space_heating_utility_sports_1920_1974_0_space_heating
space_heating_utility_sports_1975_1989_0_space_heating
space_heating_utility_sports_1990 1994 0_space_heating
space_heating_utility_sports_after_1994_0_space_heating
space_heating_utility_offices_before_1920_1_space_heating
space_heating_utility_offices_1920_1974_1_space_heating
space_heating_utility_offices_1975_1989_1_space_heating
space_heating_utility_offices_1990_1994 1 space_heating
space_heating_utility_offices_after_1994_1_space_heating
space_heating_utility_retail_before_1920_1_space_heating
space_heating_utility_retail_1920_1974_1_space_heating
space_heating_utility_retail_1975_1989_1_space_heating
space_heating_utility_retail_1990_1994_1_space_heating
space_heating_utility_retail_after_1994 1_space_heating
space_heating_utility_healthcare_before_1920_1_space_heatin
9
space_heating_utility_healthcare_1920_1974_1_space_heating
space_heating_utility_healthcare_1975_1989_1_space_heating
space_heating_utility_healthcare_1990_1994 1 space_heating
space_heating_utility_healthcare_after_1994_1_space_heating
space_heating_utility_lodging_before_1920_1_space_heating
space_heating_utility lodging_1920_1974_1 space_heating
space_heating_utility lodging_1975_1989_1 space_heating
space_heating_utility_lodging_1990_1994 1_space_heating
space_heating_utility_lodging_after_1994_1 space_heating
space_heating_utility_education_before_1920_1_space_heating
space_heating_utility_education_1920_1974_1_space_heating
space_heating_utility_education_1975_1989_1_space_heating
space_heating_utility_education_1990_1994 _1_space_heating
space_heating_utility_education_after_1994 1_space_heating
space_heating_utility_meeting_before_1920_1_space_heating
space_heating_utility_meeting_1920_1974_1 space_heating
space_heating_utility_meeting_1975_1989_1_space_heating
space_heating_utility_meeting_1990_1994 1 _space_heating
space_heating_utility_meeting_after_1994_1_space_heating
space_heating_utility_sports_before_1920_1_space_heating
space_heating_utility_sports_1920_1974_1_space_heating
space_heating_utility_sports_1975_1989_1_space_heating
space_heating_utility_sports_1990_1994_1_space_heating
space_heating_utility_sports_after_1994 1_space_heating
space_heating_utility_offices_before_1920_2_space_heating
space_heating_utility_offices_1920_1974_2_space_heating
space_heating_utility_offices_1975_1989_2_space_heating
space_heating_utility_offices_1990_1994_2_space_heating
space_heating_utility_offices_after_1994_2_space_heating
space_heating_utility_retail_before_1920_2_space_heating

uncertain

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain

uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain

uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain

uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain
uncertain

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
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_2_electricity COP_heatpump
primary_system_efficiency_heatpump_air_water_space_heating
_1_electricity_ COP_heatpump
primary_system_efficiency_heatpump_air_water_space_cooling
_electricity_none
primary_system_efficiency_heatpump_air_water_hot_tap_water
_electricity_none
primary_system_maintenance_heatpump_air_water

primary_system_costs_condensation_boiler_none

primary_system_efficiency_condensation_boiler_space_heating
_gas_none
primary_system_efficiency_condensation_boiler_hot_tap_water_
gas_none
primary_system_efficiency_condensation_boiler_space_heating
_electricity_none
primary_system_efficiency_condensation_boiler_hot_tap_water_
electricity_none
primary_system_maintenance_condensation_boiler

primary_system_costs_heat_exchanger_ht_none
primary_system_efficiency_heat_exchanger_ht_space_heating_
water_heatnet_ht_none
primary_system_efficiency_heat_exchanger_ht_hot_tap_water_
water_heatnet_ht_none
primary_system_efficiency_heat_exchanger_ht_space_heating_
electricity_none
primary_system_efficiency_heat_exchanger_ht_hot_tap_water_
electricity_none
primary_system_maintenance_heat_exchanger_ht

primary_system_costs_heat_exchanger_It_none
primary_system_efficiency_heat_exchanger_It_space_heating_
water_heatnet_lt_none
primary_system_efficiency_heat_exchanger_lt_space_heating_e
lectricity_none
primary_system_maintenance_heat_exchanger_|It

primary_system_costs_heat_exchanger_mt_none
primary_system_efficiency_heat_exchanger_mt_space_heating_
water_heatnet_mt_none
primary_system_efficiency_heat_exchanger_mt_hot_tap_water_
water_heatnet_mt_none
primary_system_efficiency_heat_exchanger_mt_space_heating_
electricity_none
primary_system_efficiency_heat_exchanger_mt_hot_tap_water_
electricity_none
primary_system_maintenance_heat_exchanger_mt

primary_system_costs_hybrid_air_heatpump_none

primary_system_efficiency_hybrid_air_heatpump_space_heating
_3 gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_3_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating
_2_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_2_electricity_COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating
_2_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_2_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating
_1_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_1_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating
_1_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_1_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating
_0_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_0_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_space_heating
_0_gas_none
primary_system_efficiency_hybrid_air_heatpump_space_heating
_0_electricity_ COP_heatpump
primary_system_efficiency_hybrid_air_heatpump_hot_tap_water
_gas_none
primary_system_efficiency_hybrid_air_heatpump_hot_tap_water
_electricity_none

very uncertain
very uncertain
very uncertain
uncertain
uncertain
uncertain
very uncertain
certain
certain
certain
certain
certain
certain

very uncertain
very uncertain
certain
certain
certain
certain

very uncertain

very uncertain
certain

certain
certain
certain
very uncertain

very uncertain
certain

certain
very uncertain

very uncertain
certain

certain
certain
certain
very uncertain
very uncertain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain
certain

certain

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical

0,5
0,5

0,75
0,75
0,75
0,8’5
0,85
0,85
0,85
0,85
0,85

0,5

0,5
0,85
0,85
0,85
0,85

0,5

0,5
0,85

0,85
0,85
0,85

0,5

0,5
0,85

0,85
0,5

0,5
0,85

0,85
0,85
0,85

0,5

0,5
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85

0,85

1,15
1,15
1,15
1,15

15

15
1,15

1,15
15

15
1,15

1,15
1,15
1,15

1,5

1,5
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15

1,15



10
2

10

10

10

10

10

10

10

11

11

11

11

11

11

11

11

11

11

primary_hybridairHP_fractio
n

primary_hybridairHP_mainte
nance
primary_pelletboiler_cost

primary_pelletboiler_efficien
cy

primary_pelletboiler_mainte
nance
primary_waterHP_cost

primary_waterHP_efficiency

primary_waterHP_maintena
nce
reinforcement_cost_resident
ial

secondary_airco_cost

secondary_airco_efficiency

secondary_airco_maintenan
ce
secondary_mechanical_cost

secondary_mechanical_effic
iency
secondary_mechanical_mai
ntenance
secondary_waterheater_cos
t
secondary_waterheater_effi
ciency
secondary_waterheater_mai
ntenance

primary_system_fraction_hybrid_air_heatpump_space_heating_
3ﬁg1fry_system_fraction_hybrid_air_heatpump_space_heating_
;Z)Eg‘laasry_system_fraction_hybrid_air_heatpump_space_heating_
;Zjﬁ?n?ry_system_fraction_hybrid_air_heatpump_space_heating_
;ﬁglzsry_system_fraction_hybrid_air_heatpump_space_heating_
;ﬁ?ni\sry_system_fraction_hybrid_air_heatpump_space_heating_
gﬁglz\sry_system_fraction_hybrid_air_heatpump_space_heating_
gﬁ?naasry_system_fraction_hybrid_air_heatpump_hot_tap_water_g
;?imary_system_maintenance_hybrid_air_heatpump

primary_system_costs_pellet_boiler_none

primary_system_efficiency_pellet_boiler_space_heating_biomas
s_none
primary_system_efficiency_pellet_boiler_hot_tap_water_biomas
s_none
primary_system_efficiency_pellet_boiler_space_heating_electrici
ty_none

primary_system_maintenance_pellet_boiler

primary_system_costs_heatpump_water_water_none

primary_system_efficiency_heatpump_water_water_space_heati
ng_3_electricity_COP_heatpump
primary_system_efficiency_heatpump_water_water_space_heati
ng_2_electricity COP_heatpump
primary_system_efficiency_heatpump_water_water_space_heati
ng_2_electricity_COP_heatpump
primary_system_efficiency_heatpump_water_water_space_heati
ng_1_electricity COP_heatpump
primary_system_efficiency_heatpump_water_water_space_cooli
ng_electricity_none
primary_system_efficiency_heatpump_water_water_hot_tap_wat
er_electricity_none
primary_system_maintenance_heatpump_water_water

grid_reinforcement_costs_residential
secondary_system_costs_split_system_air_conditioner_none
secondary_system_efficiency_split_system_air_conditioner_spa
ce_cooling_electricity_none
secondary_system_maintenance_split_system_air_conditioner
secondary_system_costs_mechanical_ventilation_none
secondary_system_efficiency_mechanical_ventilation_ventilation
_electricity_none
secondary_system_maintenance_mechanical_ventilation
secondary_system_costs_electric_water_heater_none
secondary_system_efficiency_electric_water_heater_hot_tap_w

ater_electricity_none
secondary_system_maintenance_electric_water_heater

certain
certain
certain
certain
certain
certain
certain
certain
very uncertain
very uncertain
certain
certain
certain
very uncertain
very uncertain
certain
certain
certain
certain
certain
certain
very uncertain
very uncertain
very uncertain
certain
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very uncertain
certain
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very uncertain

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
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symmetrical
symmetrical
symmetrical
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symmetrical
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symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical

symmetrical

0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,85
0,5
0,5
0,85
0,85
0,85
0,5
0,5
0,85
0,85
0,85
0,85
0,85
0,85
0,5
0,5
0,5
0,85
0,5
0,5
0,85
0,5
0,5
0,85

0,5

1,15
1,15
1,15
1,15
1,15
1,15
1,15
1,15
15
15
1,15
1,15
1,15
15
15
1,15
1,15
1,15
1,15
1,15
1,15
15
15
15
1,15
15
15
1,15
15
15
1,15

15



Variables, groups, assessments, skews and multipliers used for the Sobol method

1

2
3

4

5

6

electricity_infrastructure_co
sts

electricity_price
gas_infrastructure_costs

gas_price

heat_net_infrastructure_co
sts

heating_system_costs

infrastructure_electricity_costs_per_meter_capex

infrastructure_electricity_costs_per_object_capex
infrastructure_electricity_costs_per_meter_opex
infrastructure_electricity_costs_per_object_opex
infrastructure_electricity_meeting
infrastructure_electricity _healthcare
infrastructure_electricity_offices
infrastructure_electricity_lodging
infrastructure_electricity_education
infrastructure_electricity_sports
infrastructure_electricity_retail
electricity_price_2050
infrastructure_gas_costs_per_meter_capex
infrastructure_gas_costs_per_object_capex
infrastructure_gas_costs_per_meter_opex
infrastructure_gas_costs_per_object_opex
infrastructure_gas_meeting
infrastructure_gas_healthcare
infrastructure_gas_offices
infrastructure_gas_lodging
infrastructure_gas_education
infrastructure_gas_sports
infrastructure_gas_retail
infrastructure_gas_removal_costs_per_meter_capex
infrastructure_gas_removal_costs_per_object_capex
natural_gas_price_2050

green_gas_price_2050

gas_price_2050

heat_net_simultaneity

heat_net_peak_capacity_loss

heat_net_peak_capacity

heat_net_connection_unstacked
heat_net_connection_stacked

heat_net _connection_stacked_block heating_available
heat_net_connection_utility

heat_net_peak_gas_factor_3

heat_net_peak_gas_factor_2

heat_net_peak_gas_factor_1

heat_net_peak_gas_factor_0

heat_net peak gas_factor_2

heat_net_peak_gas_factor_1

heat_net_peak_gas_factor_0
heat_net_heat_net_capacity_peak_provision
heat_net_collective_heat_pump_investment
heat_net_overcapacity
infrastructure_water_ht_substation_power
infrastructure_water_mt_substation_power
infrastructure_water_lt_substation_power
infrastructure_water_vlt_substation_power
infrastructure_water_wko_substation_power
infrastructure_water_mt_collective_heat_pump_investment
infrastructure_water_lIt_collective_heat_pump_investment
infrastructure_water_mt_collective_heat_pump_maintenance
infrastructure_water_lt_collective_heat_pump_maintenance
infrastructure_water_wko_collective_heat_pump_maintenance
primary_system_costs_heatpump_air_water_none
primary_system_maintenance_heatpump_air_water
primary_system_costs_heatpump_water_water_none
primary_system_maintenance_heatpump_water_water
primary_system_costs_condensation_boiler_none
primary_system_maintenance_condensation_boiler
primary_system_costs_hybrid_ventilation_heatpump_none
primary_system_maintenance_hybrid_ventilation_heatpump
primary_system_costs_hybrid_air_heatpump_none
primary_system_maintenance_hybrid_air_heatpump
primary_system_costs_pellet_boiler_none
primary_system_maintenance_pellet_boiler
primary_system_costs_heat_exchanger_ht_none
primary_system_maintenance_heat_exchanger_ht
primary_system_costs_heat_exchanger_mt_none
primary_system_maintenance_heat_exchanger_mt
primary_system_costs_heat_exchanger_lIt_with_individual_heatp
ump_none
primary_system_maintenance_heat_exchanger_lIt_with_individu
al_heatpump
primary_system_costs_heat_exchanger_vlt_with_individual_heat
pump_none
primary_system_maintenance_heat_exchanger_vlt_with_individu
al_heatpump

primary_system_costs_heat_exchanger_lt_none
primary_system_maintenance_heat_exchanger_It
primary_system_costs_heat_exchanger_wko_none
primary_system_maintenance_heat_exchanger_wko
secondary_system_costs_mechanical_ventilation_none
secondary_system_maintenance_mechanical_ventilation
secondary_system_costs_split_system_air_conditioner_none
secondary_system_maintenance_split_system_air_conditioner

very uncertain

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
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very uncertain
very uncertain
very uncertain
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very uncertain
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very uncertain
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very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain

very uncertain
very uncertain
very uncertain

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain

symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
positive

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
positive

positive

positive

symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
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symmetrical
symmetrical
symmetrical

symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
symmetrical
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7

insulation_costs

secondary_system_costs_electric_water_heater_none
secondary_system_maintenance_electric_water_heater

secondary_system_costs_solar_boiler_none

secondary_system_costs_heat_recovery_shower_none

secondary_system_costs_solar_panel_none
secondary_system_maintenance_solar_boiler
secondary_system_maintenance_solar_panel
costs_insulation_1_detached_before_1900
costs_insulation_1_semi_detached_before_1900
costs_insulation_1_end_of_terrace_before_1900
costs_insulation_1_mid_terrace_before_1900
costs_insulation_1_stacked_before_1900
costs_insulation_1_detached_1900_1945
costs_insulation_1_semi_detached_1900_1945
costs_insulation_1_end_of_terrace_1900_1945
costs_insulation_1_mid_terrace_1900_1945
costs_insulation_1_stacked_1900_1945
costs_insulation_1_detached_1946_1991
costs_insulation_1_semi_detached_1946_1991
costs_insulation_1_end_of terrace_1946_1991
costs_insulation_1_mid_terrace_1946_1991
costs_insulation_1_stacked_1946_1991
costs_insulation_1_detached_1992_2005
costs_insulation_1_semi_detached_1992_2005
costs_insulation_1_end_of_terrace_1992_ 2005
costs_insulation_1_mid_terrace_1992_2005
costs_insulation_1_stacked_1992_2005
costs_insulation_1_detached_after_2005
costs_insulation_1_semi_detached_after_2005
costs_insulation_1_end_of_terrace_after_2005
costs_insulation_1_mid_terrace_after_2005
costs_insulation_1_stacked_after_2005
costs_insulation_2_detached_before_1900
costs_insulation_2_semi_detached_before_1900
costs_insulation_2_end_of_terrace_before_1900
costs_insulation_2_mid_terrace_before_1900
costs_insulation_2_stacked_before_1900
costs_insulation_2_detached_1900_1945
costs_insulation_2_semi_detached_1900_1945
costs_insulation_2_end_of_terrace_1900_1945
costs_insulation_2_mid_terrace_1900_1945
costs_insulation_2_stacked_1900_1945
costs_insulation_2_detached 1946 1991
costs_insulation_2_semi_detached 1946 1991
costs_insulation_2_end_of_terrace_1946_1991
costs_insulation_2_mid_terrace_1946_1991
costs_insulation_2_stacked_1946_1991
costs_insulation_2_detached_1992_2005
costs_insulation_2_semi_detached 1992 2005
costs_insulation_2_end_of terrace_1992 2005
costs_insulation_2_mid_terrace_1992_2005
costs_insulation_2_stacked_1992_2005
costs_insulation_2_detached_after_2005
costs_insulation_2_semi_detached_after_2005
costs_insulation_2_end_of_terrace_after_2005
costs_insulation_2_mid_terrace_after_2005
costs_insulation_2_stacked_after_2005
costs_insulation_3_detached_before_1900
costs_insulation_3_semi_detached_before_1900
costs_insulation_3_end_of_terrace_before_1900
costs_insulation_3_mid_terrace_before_1900
costs_insulation_3_stacked_before_1900
costs_insulation_3_detached_1900_1945
costs_insulation_3_semi_detached_1900_1945
costs_insulation_3_end_of_terrace_1900_1945
costs_insulation_3_mid_terrace_1900_1945
costs_insulation_3_stacked_1900_1945
costs_insulation_3_detached_1946_1991
costs_insulation_3_semi_detached_1946_1991
costs_insulation_3_end_of_terrace_1946_1991
costs_insulation_3_mid_terrace_1946_1991
costs_insulation_3_stacked_1946_1991
costs_insulation_3_detached_1992_ 2005
costs_insulation_3_semi_detached_1992_2005
costs_insulation_3_end_of_terrace_1992_2005
costs_insulation_3_mid_terrace_1992_2005
costs_insulation_3_stacked_1992_2005
costs_insulation_3_detached_after_2005
costs_insulation_3_semi_detached_after_2005
costs_insulation_3_end_of_terrace_after_2005
costs_insulation_3_mid_terrace_after_2005
costs_insulation_3_stacked_after_2005
insulation_costs_utility_offices_before_1920_1
insulation_costs_utility_offices_1920_1974_1
insulation_costs_utility_offices_1975_1989 1
insulation_costs_utility_offices_1990_1994_1
insulation_costs_utility_offices_after_1994 1
insulation_costs_utility_offices_before_1920_2
insulation_costs_utility_offices_1920_1974_2
insulation_costs_utility_offices_1975_1989_2
insulation_costs_utility_offices_1990_1994_2
insulation_costs_utility_offices_after_1994 2
insulation_costs_utility_retail_before_1920_1
insulation_costs_utility_retail_1920_1974_1

very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
very uncertain
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very uncertain
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insulation_costs_utility_retail_1975_1989_1
insulation_costs_utility _retail_1990_1994 1
insulation_costs_utility_retail_after_1994_1
insulation_costs_utility_retail_before_1920_2
insulation_costs_utility_retail_1920_1974_2
insulation_costs_utility_retail_1975_1989_2
insulation_costs_utility_retail_1990_1994 2
insulation_costs_utility retail_after 1994 2
insulation_costs_utility_healthcare_before_1920_1
insulation_costs_utility_healthcare_1920_1974_1
insulation_costs_utility_healthcare_1975_1989 1
insulation_costs_utility_healthcare_1990_1994_1
insulation_costs_utility_healthcare_after_1994 1
insulation_costs_utility_healthcare_before_1920_2
insulation_costs_utility_healthcare_1920_1974_2
insulation_costs_utility_healthcare_1975_1989 2
insulation_costs_utility_healthcare_1990_1994_2
insulation_costs_utility_healthcare_after_1994 2
insulation_costs_utility_lodging_before_1920_1
insulation_costs_utility_lodging_1920_ 1974 1
insulation_costs_utility_lodging_1975_1989_1
insulation_costs_utility_lodging_1990_1994 1
insulation_costs_utility_lodging_after_1994_1
insulation_costs_utility_lodging_before_1920_2
insulation_costs_utility_lodging_1920_1974 2
insulation_costs_utility_lodging_1975_ 1989 2
insulation_costs_utility_lodging_1990_1994_2
insulation_costs_utility_lodging_after_1994 2
insulation_costs_utility_education_before_1920_1
insulation_costs_utility_education_1920_1974 1
insulation_costs_utility_education_1975_1989 1
insulation_costs_utility_education_1990_1994 1
insulation_costs_utility_education_after_1994 1
insulation_costs_utility_education_before_1920_2
insulation_costs_utility_education_1920_1974 2
insulation_costs_utility_education_1975_1989 2
insulation_costs_utility_education_1990_1994 2
insulation_costs_utility_education_after 1994 2
insulation_costs_utility_meeting_before_1920_1
insulation_costs_utility_meeting_1920_1974_1
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