
Decarbonization in the Non-ETS with sector 

coupling via input-output linkages

Insights from the project 

29th IIOA Conference, Alghero, 26th – 30th June 2023

Kurt Kratena (CESAR)

1

The project ELECTRO_COUP is funded by the Austrian Climate and Energy 
Fund as part of the „Austrian Climate Research Programme – ACRP 13th Call“.



Research questions

• Sector coupling and the ETS/Non-ETS link in Europe: 

carbon reduced in one part of the system (Non-ETS) →

higher emissions in another part (ETS) = Sector coupling →

linkages between different sectors.

• IO linkages with fully integrated energy system: (i) input-

output (IO) linkages in production and (ii) energy demand 

linkages between ETS and non ETS.

• The IO linkages: quantity and price linkages, energy linkages 

(final → transformation), special case: electricity price (merit 

order model & IO price model) and CO2 prices 
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The macroeconomic IO model

• Final energy demand of households, heating: part of final 

energy fe → monetary expenditure (IO classification) with 

‘implicit prices’ → part of CPen (+ heating appliances, 

investment in thermal insulation) 

• Final energy demand of households, transport: total 

person-km by households → total expenditure on transport, 

CPtr plus purchases of vehicles (total),  by drive (discrete 

choice models) and energy use (fleet efficiency and 

behaviour)

• Final energy demand: output (Q) demand and energy (En) 

by energy type (k), Kaya-identity: (Enk/Q) = (Enk/Qk) * 

(Qk/Q), Enk/Qk = efficiency in process k, and Qk/Q = output 

share of process k in total output Q. Enk/Q → monetary units 8



The macroeconomic IO model

• Energy transformation: fixed technical coefficients for 

energy inputs (f) for coke oven, refinery, blast furnace

• Energy transformation in electricity and steam: technical 

coefficients for energy inputs (k) = (Ek/Qk) * (Qk /Q), the 

product of fixed technologies by k and output shares by k

(e.g.: electricity produced out of k)

• Input of L and K: fixed coefficients for coke oven, refinery, 

blast furnace and technology specific (k) for electricity and 

steam. 

• Prices of electricity: cost shares, mark-up plus (additional) 

ETS permit costs 
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Baseline

• Final energy (change in PJ) by type of energy, 2022 - 40 in 

“Base”
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Baseline

• Electricity generation (in TJ) by main sources, 2022 - 40 in 

“Base”
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Baseline

• CO2 emissions (in 1,000 t), 2022 - 40 in “Base”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Household durable expenditure (in mill €, const. prices), 2022 

- 40 in “Decarb_high”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Final energy (change in PJ) by type of energy, 2022 - 40 in 

“Decarb_high”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Electricity generation (in TJ) by main sources, 2022 - 40 in 

“Base” and “Decarb_high1”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• CO2 emissions (in 1,000 t), 2022 - 40 in “Decarb_high1”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• CO2 emissions (in 1,000 t), 2022 – 40, the ‘re-switch’ effect 

in “Decarb_high2”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Total CO2 emissions (in 1,000 t), 2022 - 40 in “Decarb_high2”
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Macroeconomic impact (in %), ‘Decarb_high2’ compared to 

‘Base’
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Gross output impact (in %), ‘Decarb_high2’ compared to 

‘Base’
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Scenario “Decarbonization 2040 –high 

system efficiency”

• Gross employment impact (in persons, FTE), ‘Decarb_high2’ 

compared to ‘Base’
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