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1. Introduction and challenges
Framework and challenges in Germany

Enerqgy poverty on the rise: \

+ 3-20% of the population vulnerable to or in energy poverty
* energy poverty is not recognised by the national government
» Current policies aim at poverty alleviation

> Access, affordability Sources: Pye et al 2015, EPOV 2020

Significant consumers of enerqy: \

* Households consumed ~28% of the final energy consumption in 2018
» Space and water heating (84%), 60% with fossil fuels
+ 55% tenants

. . . BMWK 2020, Destatis 2018
» Decision-making power estatis /

Households key to successful energy transition and expected to contribute to decarbonisation targets: N

* Energy transition targets to decarbonise by 2045

» Heating with renewables and efficiency in electricity and heating demand
* Average household modelling assessments
* Average households are not representative!

Energy Transition

> Mobilisation of private sector capital, averaged household modelling assessments BMWK 2021
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2. Household energy vulnerability
Linked but distinct concepts

Energy Poverty Vulnerable Consumers

Concept/Who? Those affected by one or more Those disadvantaged within the electricity
of low income, high energy and gas markets and identified as in need
bills and poor energy of protection, typically those drawing social
efficiency welfare benefits
Which fuels? All fuels (+ mobility) Electricity and gas
Which measures? longer-term, preventative Short-term, curative measures —  bill
measures — energy efficiency, support, disconnection protection

renewable energy

Policy domain? National Energy and Climate Electricity Directive/ Social policy
Plans / Energy policy

« The legislated concept for household energy vulnerability shapes the policy response
« Germany -> social welfare beneficiaries -> general support
« Access, affordability

Source: Dobbins et al 2019



2. Household energy
Household energy transition challenges

O
Os,
'S'/'

+ Renewables
* Direct: Biofuels, solar thermal,
PV
* Indirect: Electricity, district
heating

+ Energy efficiency
* Building renovation
* Heater exchange
* Appliance upgrade

* Mobilisation of private capital!
* Investment and consumption
behaviour of households

Source: calculated from BMWi 2019 4



2. Household energy

Potential to afford investments
Monthly savings per household

Investment and consumption
Monthly expenditure per household
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Income groups (€ per household and month)

Household appliances, maintenance and renovations (investment) Income groups (€ per household and month)

mmm Household energy (consumption) ® Average monthly household savings
—8— Share of income on energy expenses (consumption) A Share of total homeowners
Share of income on energy expenses (investment) @ Share of households (financial + decision-making power)

* 17% of households have sufficient capital and are homeowners

 Financial capacity and decision-making power

Source: Destatis * Average households not representative

Share of total homeowners (%)



3. Methodology — 3 steps
ﬁ Characterise the household secm— /2 Energy system model

* |Investments

* Energy transition

» Trade-offs

I_Iﬁ
| | | | | | | |
1

 Investment and consumption patterns

Access to resources /3 Policy evaluation
Affordability Investments

Financial capacity

. . Subsidies
Decision-making power

\ / Consumption
-
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3. Methodology

Step 1: Characterise the household sector

Disaggregation of final energy consumption by end-use and energy carrier

Building type
and gg: P
. 1 | 1 |
Location Rral Uran Rral Uran Rral Uran Rral
+ | | | | | | | |
Income [T R1-R7 R1-R7 R1-R7 R1-R7 R1-R7 R1-R7

+Standard of living+ Energy sources/ infrastructure +Typical appliance ownership + Energy prices + Policies/ measures

\ J
|

Typical patterns for fuels + end-use for each profile based on income group, location, tenure, building type
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3. Methodology

Step 2: Energy system optimisation model - TIMES Actors Model (TAM)-Households

Model objective: Achieve decarbonisation targets, minimise costs, maximise benefits

Disaggregation

Profile 1
Building type
Tenure
Location
Income group

Profile 56

Profile-specific parameters

Affordability
Investment costs
Energy prices

Energy demand
Household service
demands

Access
Fuels
Infrastructure
Technologies
Potential

Available capital =
budget constraint

Investment
Consumption

Profile 1
Technologies

Fuels

Investment costs
Consumption costs
Emissions

Profile 56

20130 > > 2060 g



3. Methodology

Step 3: Policy evaluation

e

Disaggregation and budget constraints; implemented

Reference (REF
( ) policies; no subsidy; Carbon tax on fossil fuels

REF + subsidisation of investment in renewables and

Ener overty (EP
gy poverty (EF) energy efficiency; Carbon tax on fossil fuels

REF + subsidisation of consumption of electricity;

Vul bl VC
ulnerable consumers (VC) Carbon tax on fossil fuels (subsidised)
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Scenarios:

REF: TAM-HHSs with disaggregation and budget

4_ AS sessme nt constraints; implemented policies, no subsidy

EP: Energy poverty — subsidisation of investment

VC: Vulnerable consumer - subsidisation of consumption

Average consumption per household, 2035

(of 3 lowest income groups)

* Subsidising

.| 28% Fossil investment supports
energy transition
targets and

)
g i 952525
® R - 0 households ener
s EP g W 2sucre ay
< welfare
+ Subsidising
i 1) H o .
REF }  29% Fossil, 15% RE consumption

maintains the Status
- 5 10 15 20 25 30 Quo (fossil fuels)

GJ/household

#Gas = Oil mElectricity mDistrict heat mBiofuel = Biomass ® Ambient heat = Geothermal * Solar
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Scenarios:
REF: TAM-HHSs with disaggregation and budget
4_ AS ses sment constraints; implemented policies, no subsidy
EP: Energy poverty — subsidisation of investment
Suppressed demand by scenario, 2035 VC: Vulnerable consumer - subsidisation of consumption

€/ capita applies to affected population only
(of 3 lowest income groups)

Suppressed demand = unfulfilled
household energy services =
budget deficit

- Evaluating energy consumption
patterns alone is not enough

- Affordability
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5. Conclusions

- Assess energy welfare AND the energy transition:

|dentifying and unifying the objectives to address

overarching and household challenges and assess

more than just energy Energy poverty is a
concept that cannot
+ Policy response defined by how household energy afford to be

vulnerability is understood -> overarching misunderstood

coordination

» Targeting policies to be cost-effective and improving

the energy welfare of households is possible
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2. Household energy vulnerability
What is energy poverty?

A situation where households are not able to
adequately meet their energy needs at affordable
cost, and is caused by a combination of overlapping
factors including low income, high energy bills,
poorly insulated buildings and inefficient
technologies and sometimes limited access to

clean and affordable energy sources

* Complex and dynamic issue
 Difficult to identify households
* National Energy and Climate Plans
* Recognition for energy poverty in
17 countries

« Officially defined in 5 countries

IER University of Stuttgart
Source: own elaboration based on Pye et al (2015), Dobbins et al, 2019



3. Methodology

Budget constraints

Budget constraints to account for affordability:

» Defined as the total available capital for investments, fuel costs, taxes, maintenance and operation
for each of the profile/actor groups defined (e.g., total available capital for all households with
income less than 900€ per month, living in urban, SFH)

 Limited financial capital for different profiles to make investments against other expenses

Sources:
Report on TIMES-Actors-Model development: https://www.ier.uni-stuttgart.de/forschung/projekte/abgeschlossen/dezentral/downloads/BMWi-03ET4026_Schlussbericht_Dezentral.pd
Loulou, Richard; Remme, Uwe; Kanudia, Amit; Lehtila, Antti; Goldstein, Gary (2016): Documentation for the times model part ii. Available online at https://iea-
etsap.org/docs/Documentation_for_the TIMES _Model-Part-I_July-2016.pdf.
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3. Methodology

3. Scenario overview

Reference (REF) Disaggregation, budget constraints, implemented policies

(Energy poverty (EP) vs.  Subsidisation of investment in renewables and energy efficiency vs. consumption \,
'Vulnerable consumers I
1(VC) '

— o o s E o E o E e M M M e MEm e Mm R SEm E Mmm M SEm Em MEm M Smm mm Smm M Smm M Smm M Mmm Em Smm M Smm M Smm B Smm B Smm B Smm M Mmm mm Mm M Mmm M Mm Em e Em e
o Em o o o O O S O R M D RN M M R M M M M M M M R R M R M M R M R M R M R M R M M M M M M M M M M M M e e e e

Consumer pays

Carbon Tax Carbon tax split 50:50 tenants/landlords (CO2TO)

e o e o o e o o e e e e M e m e Mn M Mm e MEm e Gmm e Mmm e Mmm M Mmm Em Mmm G Smm e Mmm M Gmm e Mmm M Gmm S Smm M Mm e Mam e Mam M Mem e Mm e M e e e e
—— o o o o o EE O EE O EE O EE O EE D EE R EE EE R M R EE M M M M M R M M M M M M M M M M M M M M M M M R M R R M Em Em Em Em e mm e Em

Carbon tax & Renewable energy levy collected -> “Climate Bonus” -> 100€ per capita
Compensation schemes (CB)

Carbon tax & Renewable energy levy collected -> “Climate Bonus Low Income” -> 200€
per capita but only to lower income half of the population (CBLI)

-

_ _ Case study: lack of upfront investment capital -> use of second-hand appliances for
Coping mechanisms freezing/refrigeration services (2HM) or extending their lifetime beyond the economic
lifetime (EXT)
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4. Energy System Analysis

How can an energy system modelling assessment be improved to consider energy poverty?

Energy prices 2

Commodities:
energy carriers

Heating
technologies,
existing and new

Water heating
technologies,
existing and new

Cooling
technologies,
existing and new

Cooking
technologies,
existing and new

Lighting
technologies,

existing and new

Freezer/Refrig

Building or sector-

specific
technologies

Energy service
demands:
sector-specific

Energy service
demands:
building-specific

Aggregated Reference Energy
System for the residential
sector

» Aggregated demands and
building-specific technologies
for space heating, water
heating and cooling

» Aggregated demands and
sector-specific technologies

 MFH restricted to urban areas

Demands by building
type — existing/new
urban/rural 19



REF: TAM-HHSs with disaggregation and
4. Integrated energy system assessment budget constraints; implemented policies
EP: Energy poverty — subsidisation of
Impact of access and affordability in TAM-Households model investment
\VC: Vulnerable consumer -
2035 subsidisation of consumption
60
50
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30 z g
8 20 » , =
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w = un = un =2 0 =z2|1n =2 o = o = =
Owner Tenant Owner Tenant| Owner Tenant Owner Owner Tenant
Rural Urban Rural Urban
REF EP
29% Fossil, 15% RE 25% RE 28% fossil fuels

= Ambient heat mBiofuel = Biomass mCoal = Electricity » Gas ®m Geothermal Hydrogen mDistrict heat & Oil = Solar
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REF: TAM-HHSs with disaggregation and budget
4. | nteg rated ene rgy syste m assessment constraints; implemented policies, no subsidy

_ EP: Energy poverty — subsidisation of investment
Total consumption all households, 2035 VC: Vulnerable consumer - subsidisation of consumption

30.7% RE 37.5% Fossil
A

* Overall trend similar

* Lowest 3 income groups = 27.5% of
all households but ~10% of total
household energy consumption

» Top-down approach insufficient

- 200 400 600 800 1.000 1.200 1.400 1.600

= Ambient heat m Biofuels = Biomass = Geothermal = Solar & Electricity m District Heat # Gas = Oil
21



