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Share Main Producer

Lowest Interval: 16 - 32% [
2nd Interval: 32 - 49% =
3rd Interval: 49 - 65% .
4th Interval: 65 - 81% |
Highest Interval: 81 - 97% |

................

1. Share of energy produced by the main producer in the

country.
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2nd Interval: 25 - 40% =
3rd Interval: 40 - 55% =
4th Interval: 55 - 69% |
Highest Interval: 69 - 84% |

of
é;h‘ﬂ" ,',#?' s
% '_}1

-;.
""" XY >

!}Vﬁ"l .
ta‘r

,,,,,,,,,,,,,,,,,,,,,,,,

Share of Imports

Lowest Quintile: -618,1 - 43,2%

2nd Quintile: 43,2 - 63,7% -
3rd Quintile: 63,7 - 63,7% )
4th Quintile: 63,7 - 70,6% -
Highest Quintile: 70,6 - 97,6% Il

.................

BED

:| NDI of the Lowest Income Quintile
‘| Lowest Interval: 333 - 2021

| 2nd Interval; 2021 - 3710

‘| 3rd Interval: 3710 - 5398

:| 4th Interval: 5398 - 7087

‘| Highest Interval: 7087 - 8775

‘| Missing data

...................................

:| NDI for +65 women

‘| Lowest Interval: 1017 - 6210

‘| 2nd Interval; 6210 - 11403

‘| 3rd Interval: 11403 - 16597

:| 4th Interval: 16597 - 21790

‘| Highest Interval: 21790 - 26983
‘| Missing data

...................................

‘| NOI for pop. bon outside the EU
‘| Lowest Interval: 1146 - 3912

![ 2nd Interval: 3912 - 6677

‘| 3rd Interval: 6677 - 9443

| 4th Interval: 9443 - 12208

| Highest Interval: 12208 - 14974
.| Missing data

| NDI for tenure status

!| Lowest Interval: 1541 - 5152

‘| 2nd Interval: 5152 - 8763

‘| 3rd Interval: 8763 - 12373

:| 4th Interval: 12373 - 15984

‘| Highest Interval: 15984 - 19595
‘| Missing data

...................................

:| NDI for sinige parents

‘| Lowest Interval: 1838 - 8022

| 2nd Interval: 8022 - 14206

‘| 3rd Interval: 14206 - 20390

‘| 4th Interval: 20390 - 26574

| Highest Interval: 26574 - 32758

| Missing data

| % of female population older than 65
‘| Lowest Interval: 0,013 - 0,05

‘| 2nd Interval: 0,05 - 0,087

‘| 3rd Interval: 0,087 - 0,123

| 4th Interval: 0,123 - 0,16

| Highest Interval: 0,16 - 0,197

.| Missing data

BRE00

‘| % of pop. born outside the EU
‘| Lowest Interval: 0,001 - 0,008
‘| 2nd Interval: 0,008 - 0,015
| 3rd Interval: 0,015 - 0,022
| 4th Interval: 0,022 - 0,029
‘| Highest Interval: 0,029 - 0,036

EREO0

| Missing data

:| % of population younger than 15
| Lowest Interval: 0,092 - 0,161
| 2nd Interval: 0,161 - 0,23

| 3rd Interval: 0,23 - 0,3

| 4th Interval: 0,3 - 0,369

‘| Highest Interval: 0,369 - 0,438

BRR00

12. Percentage of population younger than 15 years old.

Unveiling Energy Poverty Risk: a multidimensional

analysis of the heat-or-eat dilemma
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*Urban and Regional Planning and Geo-information Management, Faculty of Geo-Information Science and Earth Observation
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This research aims to understand NOW Citizens can be at risk of EP through the interactions between the energy and the food domain. Thus, it embraces a lifestyle approach, primarily

investigating how induced changes in food and energy expenditure patterns are related. It examines how interactions between basic services collide in citizens' lifestyles through the distribution of their expenses and compares it to the specific regional and socioeconomic

context. Through a methodological proposal to analyse the heat-or-eat dilemma, the research operates on three scales to map the EP risk of European citizens caused by potential food domain changes: (1 ) reg|0nal scale, t understand in which regions the food

and energy systems are more prone to suffer negative impacts from a low-carbon transition and, thus, expand them to households; (2) expendltu e patterns scale, to understand how the distribution of resources of households in the food and energy

domains condition their risk to be at EP; and (3) socioeconomicC and demographlc Scale, to check how households characteristics shape their capacity to cope with such externalities. The results from the three scales are then used to build

the Heat'or'Eat RiSk Index (H ERI) o Ultimately, the analysis of the HERI and its components aims to inform the selection of more equitable and just measures in Europe.

The regional context Re'gional . o .
defines the exposure of ' I . - R )

households to energy Ty Ch-a-racteristms---------------; ------------------ e B e _

.| Regional Index
poverty. How the energy and f : | /| Lowest level of exposure: 0,19 - 0,3

other basic needs systems work : : | .| 2nd level: 0,3 - 0,4
are important to define how ' ' ' ;| 3rd level: 0,4 - 0,51

d h hold h ‘| 4th level: 0,51 - 0,62
cxposec are nouseno s 1o e .| Highest level of exposure: 0,62 - 0,72

: Missing data
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Southern European
regions are the ones
that can afford fewer

energy units, while central
European and Scandinavian

_mmmno_ |

most units. Scandinavian
and Baltic countries,
followed by Poland and
Romania, have the
lowest risk of inducing
EP through impacts on

the energy system,
mainly due to their share of
renewable energy and the high Normalised Fhod Price.
decentralisation of their energy Source: Authors.

systems. ‘ ‘

Fragility of Energy Systems.
Source: Authors.
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Combining those results with the Food Security in each country unveils households in
Balkan countries as less pressured by the energy systems but
suffering more to be able to afford food needs.

The aggregated Regional Index discloses that the population in Balkan and some
northwestern European regions is typically more exposed to system

o — " —————————————————————————————————— ——

changes, while central and northern Europe Regional Characteristics Energy Purchase Index.
are Safer Source: Authors.
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| Not all households are : I
| .| SED Index [
I equally vulnerable to | Highest SED Vulnerability: 0,08 - 0,2 I
: injustices. Individual | 2nd Level: 0,2- 0,32 ] :
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: lower NDIs are associated with :
| high relative energy T / I
: expenditures. I . 5 . et | . I
| Women, people older than 65 years old, single parents, populations with a no-EU background,
: tenants and populations in rural areas are more vulnerable to energy poverty due to their individual characteristics. :
| The vulnerability level of such region regarding socioeconomic characteristics can be calculated mixing the NDI with the share of
: the vulnerable population in a region. :
| Southern European regions, Baltic and Balkan countries show the highest socioeconomic vulnerability index to EP. However, the
I . . . .
\ index comes mainly due to differences in the NDI, as the share of populations is balances within regions, with only l'
\\ a few rural regions in southern Balkan countries with a high share of elderly people. R4

« The HERI Index show an overview of the regions where the population is more at risk of
suffering the heat-or-eat dilemma.

* Some countries showed greater variability in their HERI levels within their regions such as
France, Belgium, Croatia, Germany, and Slovenia. For the countries available, the HERI shows higher
in Balkan and Baltic countries, following the trends already observed.

* The southern European region's values are at the same level as those of some central European regions,
showing that regional characteristics and expenditure patterns balance the negative

values in SED characteristics. Metropolitan and urban regions show reduced HERI
in northern and northwestern Europe and regions close to metropolitan areas, potentially highlighting the wide
difference between the Fragility of Energy Systems values in northern countries and the rest of the continent
and the importance of the rural-urban type of regions.

- The step-by-step analysis provides useful information for policy-making, such as which are the
vulnerable groups more prone in the region (SED Characteristics), how their relation with food and energy
domains in economic terms (Expenditure Patterns), and their weaknesses in terms of Regional Characteristics.

Conclusions

« Compared to EP assessments like the EPAH report, the HERI offers a multidimensional
procedure that identifies EP beyond classical threshold approaches.

A.T. Amorim-Maia, I. Anguelovski, E. Chu, J. Connolly, Intersectional climate justice: A conceptual pathway for bridging adaptation planning, transformative action, and social equity, Urban Clim. 41 (2022) 101053. https://doi.org/10.1016/j.uclim.2021.101053.
I. Cunha, C. Silva, Equity impacts of cycling: examining the spatial-social distribution of bicycle-related benefits, Int. J. Sustain. Transp. 17 (2023) 573-591. https://doi.org/10.1080/15568318.2022.2082343.
P. Kashwan, Climate Justice in the Global North, Case Stud. Environ. 5 (2021). https://doi.org/10.1525/cse.2021.1125003.
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Energy poverty (EP) is one of the most frequent injUSticeS Of d lOW-CaI"bOI‘I

tl’aI‘ISItIOI‘I It can be defined as "a lack of affordability of keeping the house warm" and "the inability of households to access basic

energy services and products" [19], moving the definition

towards a multidimension

al

and household-centred approach.

Households might suffer from EP not only due to a lack of energy
accessibility but also due to difficulties in accessing other basic

needS. The heat-or-eat dilemma is a pertinent example of the issue, where households with less capacity to adapt might prioritise

economic resources over their nutrition.
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Minimum - Maximum

Workflow

- The Heat or Eat Risk Index - S = _

standardization .
Dlagram for the
, Regional
Minimum - l\‘llax!mum » /| Indicators /— HERI  Calculation.  Rectangles
standardization Index show processes, while
parallelograms show data. Source:
Authors.
Minimum - Maximum
standardization
Minimum =~ Max!mum » | Expenditure | Minimum = D_llaxmum > HERI
standardization Patterns Index standardization
. ) SED
Minimum - i\_llax!mum ——» Indicators |—
standardization Index
| | |
I 0 . 500 1.000 km
' - I |
| I T I 1
HERI

Lowest Risk: 0,1 - 0,27 L]
2nd Level: 0,27 - 0,44 ]
3rd Level: 0,44 - 0,61 ]
4th Level: 0,61 - 0,78 1]
Highest Risk: 0,78 - 0,95 ]

Application: identification of EP causes for policy-makers

0 500 1.000 km

Deployment of the Heat-or-Eat Risk Index (HERI) in the Gdansk-Gdynia-Sopot (Tréjmeski) Region

The deployment of the e
Expenditure Patterns per Y3044 . : Al
region shows  which -

household groups are - 150

spending more on energy 10g

and food. In this case, e o100
Populations older than
60 spend a significantly
higher relative
expenditure than other
groups, while household
structures with children e e Lios N
doitin food. AT " Y

QUINTILE4 DEG
282 %9 246 86

QUINTILES REG2
| oG 37,

0.828787293

0.558409408

In the case of Regional Indicators, an in-
depth analysis shows that the population
of the region is more exposed to EP
because of their energy affordability and
food systems than from the Fragility of
the Energy System.
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The analysis of the SED Index

shows that in that particular
region, women and populations

older than 65 are the most

representative vulnerable groups
in the region.
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