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What do these previous slides show us?

O —Jon is fond of maps (and cartography in general)

The best model is the simplest one which meet the objectives you are looking for

~1 : é Models will almost always have limitations

Models may include bias, which can affect the both the results and analysis of them.

21
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Mathematical models
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Mathematical models

Deterministic equations
(not random)
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System knowledge | |
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Mathematical models and monitoring studies

equations

: Mathematical Modelling
[Physms Laws} [ } [ Strategy } [

Computer
algorithms

1

Real
world

Computer
world

Physics
world
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Relevant data to calculate building energy needs (at regional scale)

REAL DATA ESTIMATED DATA
o Field """" Project | DATADIS PUBLIC DATA ARCHETYPES
§ measurements . information g
BUILDING PHYSICS BUILDING
PHYSICS

AL N\ W

Energy performance data
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ESTIMATED DATA

PUBLIC DATA

BUILDING
PHYSICS
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Energy performance data
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Relevant data to calculate building energy needs (at regional scale)

Cneeqs’

Qreeds = ﬁnvelop Inf+ Vent + Gainsg,;q + Gains;,;
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Relevant data to calculate building energy needs (at regional scale)

Qeeds #W Inf + Vent + Gainsg, - + Gains;,;
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Relevant data to calculate building energy needs (at regional scale)

Qneeds = W Inf+ Vent + Gainsg,,r T Gainsg,;

CONDUCTION, RAW MATERIALS
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Relevant data to calculate building energy needs (at regional scale)

Qneeds ——Ulmﬂelop Inf+ Vent + Gainsg,,r T Gainsg,;
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0=—7%
T AN T,
. . . . R
O = Qo = Qeona = cle Thermoelectric
(a) Heat flow vV _v
@ Analogy S
Ve — ANANNNNA—" 4V
. dT 1 2
Qcond,wall = _kAE Re
Conditions: (b) Electric current flow
@ Steady state (it means static situation)
ne No heat generation (only heat transfers)
Qcond,wall = kA 1 2 =
OQ.ontoatl _ . T,-T.
- cond ,wa — — k 1 2
A qcond,wall L
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Relevant data to calculate building energy needs (at regional scale)

Qneeds ;ulm]elmo Inf+ Vent + Gainsg,,r T Gainsg,;

q'CDﬂV — h.(TS o Tm ):}

CONDUCTION:
CONVECTION:
AS
"
T, .
\ :> qc&nv
T,
Solid h
| 9,
I e—A\NANNNN—2 T
R =1

T,-T.

conv

=
=

L
R, = ;
RCGHV — l

h




Relevant data to calculate building energy needs (at regional scale)

Qneeds #W Inf+ Vent + Gainsg,,r T Gainsg,;

Enmmsss——— ) = 10 W
TOO] L 'y
20°C
150°C
30°C
Yy 002
Rconv, 1 Tl Rwall T2 Rconv, 2 in ot
Toy o —AMWWV—4— W4 AW—e T
2°C/W 15°C/W 3°C/W
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Relevant data to calculate building energy needs (at regional scale)

Qreeas = Envelope4 Inf+ Vent + Gainsgy;q + Gains;,;
0. a
Volume .element ~ /\[ T/QyMy 82 T 82 T aZ T égen 1 a T
0, st —+t——+
ox* dy° oz k o ot

gAxAyAz /|' .
Q / & Qx +Ax Emplrical corralations for
< Vo Seome g e | rargserre |
Ax— - . i
y I ntire r:
X QZ
]]]]] 0.54Rs] (9-22)
15R; 9-23)
; hxx 05 p 13
Laminar: Nu, = o 0.332Re}- Pr Pr = 0.60 ) Lawer e ot
&#@ ‘‘‘‘‘‘ (9-20)
hx . 0.6 = Pr = 60 o
Turbulent: Nu, = = 0.0296 Rel8 P13 s ; "“"““‘"“"“T A Al oo e
k 5 X 10° = Re, = 10 [”/ : N
I ot
e { S
o= 1 I e:w;g; e
Pr=07)




Relevant data to calculate building energy needs (at regional scale)

Qneeds = Envelope + Inf+ Vent + Gainsgy;q + Gains;,;

Variable Category

Specific Building Parameter

Envelope characteristics

Building geometry

Building operation
System configuration

Outdoor climate

U-value of roof

U-value of building facade
U-value of window

Window SHGC

Infiltration losses

South equivalent surface (SES)
Shape factor

Roof surface area

Facade surface area

Window surface area

Internal gains, uses

Heating set point temperature

HDD, minimum temp, WDF...

o

Envelope

}:'> Infil. & Vent.

"
mf’ws’ié’\

=

Internal Gains
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Relevant data to calculate building energy needs (at regional scale)

[ ] - .
_— Informacién de parcelas e inmuebles

— Stats
Cadastral data & 30 —
Croquis Fotografia fachada /-
I eurostat
Bt - EPC '
= SN e - S CENTRO NACIONAL DE
~ g INFORMACION GEQGRAFICA

Parcela con varios inmuebles (division horizontal)
RU PRINCIPE 34
VIGO (PONTEVEDRA)

1.116 m2
Mas informacion de la parcela

\% Euskalmet

Other sources

& Excel

3053008NG272550001GH RU PRINCIPE 34 Es:E Pl:00 Pt:00
omercial | 2.405 m? | 35,40% | 1958

¢ r
Building 2 "~ Building 3 ) Building 4

(from J. Fernandez et al. “A novel residential heating consumption characterisation approach at city level from
available public data: Description and case study” Energy and Buildings, art number 110082, vol 221, (2020)
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Mapping and providing cost
effective solutions for tackling
energy poverty
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1. EnePoMAP context

Energy Poverty

Il Call “Social Research” (Fundacion La Caixa)

“rely an data to provide robust guantifiable evidence and insights about current and emerging social challenges in Spain and
ré’) COriversitaoe Ao Mo

Portugal. (...) This call is intended to promote social research projects based on sound quantitative data analysis to produce

reliable evidence for policy decision-makers and practitioners, building bridges between science and society.

“The research must involve existing data (and) new data especially generated for the research project and/or new forms of

data” Q » Open data bases Gls (
e : e
T ©0 20 MAY Calljéggning 15 SEPTEMBER 6«‘5’&)’ 30 NOVEMBER 25

Deadline for for full Deadline for Resolution 15 079,0-5015,
short proposals proposals full proposals 0 ‘Q}‘ announcement P
| | K
27 APRIL JUNE TO JULY SEPTEMBER 19-20 NOVEMBER 1 JANUARY
Call opening Preselection TO OCTOBER Interviews Start of
100 v Selection projects
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What is “Energy Poverty”?

Roots in MEDICAL SCIENCE (NHS in UK)

Effect on Indoor temperature, but also in other related aspects:

a Mold
Q Humidity

Health effects
O Respiratory diseases
O Cardiovascular diseases

O Mental diseases
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1. EnePoMAP context

What is “Energy Poverty”?

Situation in which households are unable to access essential energy services and products. It occurs when
energy bills represent a high percentage of consumers’ income, or when they must reduce their household's

energy consumption to a degree that negatively impacts their health and well-being.

50M

Households in the UE

https://www.energypoverty.eu/

MULTIDIMENSIONAL AND COMPLEX PROBLEM

Source: EU Energy Poverty Observatory:
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https://www.energypoverty.eu/

1. EnePoMAP context

What is “Energy Poverty”?

____________________________________________________________

ENERGY COSTS

M

BUILDING
FEATURES

_____________________________________________________________
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1. EnePoMAP context

What is “Energy Poverty”?

BUILDING
FEATURES j Energ_y
ln renovation

>

Reduction of
Energy demand

1 RES implement. |

2

Share of incomes for
energy expenses

Reduction of
energy
consumption




1. EnePoMAP context

“Energy Poverty” Indicators

First indicator: BRENDA BOARDMAN 1991

Ten Per cent Rule (TPR): ratio between energy expenses and household incomes

Energy expenses

Vul bility — > 1009
LT household incomes b

REAL VALUES, based on energy bills
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1. EnePoMAP context

“Energy Poverty” Indicators

What is energy poverty?

SUBJECTIVE MEASURE OBJECTIVE MEASURE
Declared discomfort related to the temperature The costs of energy are excessive in relation
in the apartment as well as humidity present to the resident's income. He/she has trouble
in the apartment and the resident's difficulty to cover those costs and satisfy other basic needs
to cover energy bills. (for example for food or medicine).

Absolute — Relative
“Ten Percent Rule” (TPR): ABSOLUTE
(2M), (M/2): RELATIVE

Objective - Subjective

Surveys: Declared discomfort, inability to cover
energy bills (auto-perception) SUBJETIVE

Estimated energy demands, i.e. UK (Low Income
High Cost, LIHC) OBJETIVE

(Expenses) Real — Calculated

TPR
2M, M/2...
LIHC
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1. EnePoMAP context

PRIMARY INDICATORS

EPOV provides four different primary indicators for energy poverty, of which two are based on
self-reported experiences of limited access to energy services (based on EU-SILC data) and
the other two are calculated using household income and/or energy expenditure data (based

on HBS data).

Arrears on utility bills

Share of (sub)population having arrears on
utility bills.

Low absolute energy
expenditure (M/2)

Share of households whose absolute energy

expenditure is below half the national median.

High share of energy
expenditure in income (2M)

The 2M indicator presents the proportion of
households whose share of energy expendit-
ure in income is more than twice the national
median share.

Inability to keep home
adequately warm

Share of (sub)population not able to keep
their home adequately warm.

https://www.energypoverty.eu/indicators-data

EU
ENERGY POVERTY
Observatory

European
Commission

“Energy Poverty” Indicators

SECONDARY INDICATORS

EPOV gathers data on a number of secondary indicators that are relevant in the context of
energy poverty, but not directly indicators of energy poverty itself. Indicators include e.g.
energy prices and housing-related data. Their development can be compared to the
development of primary indicators in the graph tool when selecting a single country.

Fuel oil prices

Average household prices per kWh generated
from fuel oil

Biomass prices

Average household prices per kWh generated
from biomass

Coal prices

Average household prices per kWh generated
from coal

Household electricity prices

Electricity prices for household consumers,
band DC 2500-5000 kWh/yr consumption, all
taxes and levies included

District heating prices

Average household prices per kWh from dis-
trict heating

Household gas prices

Natural gas prices for household consumers,
band 20-200GJ consumption, all taxes and
levies included
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https://www.energypoverty.eu/indicators-data

1. EnePoMAP context

Energy Poverty in Europe

Share of households unable to adequately heat
their homesin 2021 (in %)"

0.8

> 20%
10-20%
5-9.9%
2-4.9%

<2%

Not surveyed

* or latest available data: 2020, 2019.
Source: Eurostat

statista %a

“People in inefficient buildings are more exposed to
cold spells, heatwaves and other impacts of climate
change. Inadequate comfort and sanitary conditions in
housing and work environments, such as inadequate
indoor temperatures, deficient air quality and
exposure to harmful chemicals and materials,
contribute to lower productivity, health problems

and higher mortality and morbidity”



1. EnePoMAP context

Energy Poverty Advisory Hub (EPAH)

EU ear(
ENERGY POVERTY :“ European ey

Observatory Commission Register | Login

About Knowledge & Resources Indicators & Data News & Events Forum Members

About the Energy Poverty Advisory Hub

THE WEBSITE IS IN TRANSITION TO REFLECT THE RENEWED VISION ANDMISSION OF
THE INITIATIVE DURING 2021. STAY TUNED FOR UPCOMING UPBATES.

p,

More info

WHAT IS ENERGY POVERTY?

Adequate warmth, co

ergy to power applia

es needed to guarantee a decent standard
of i and ci

occurs when a household suffers from a lack
of adequate energy services in the home.

Learn more

Action for Consumers

tips and other advice on energy-saving
action for consumers.

Guidance for Policymakers

‘Get advice on essential points
when drafting policies to addre

poverty.

ABOUT THE OBSERVATORY

The EU Energy Poverty Observatory (EPO\

an exciting new initiative by the European
Commi n to help Member States in their
efforts to combat energy poverty. It exists to
improve the measuring, monitoring and she
ing of knowledge and best practice on energy
poverty.

Learn mare

Publications
Browse research on energy poverty via our

evidence repositary of scientific articles,
reports and other documents.

Training Material

Discover relevant training material, including
toolkits, courses, and videos.

BECOME A MEMBER

Registering as a member is free, and allows
you to interact with other key stakeholders in
the field, access members-al ent and
discover new collaboratio

Register now

Policies & Measures

search for practical exampl policies and
measures to address energy poverty.

Members Directory

Find other stakeholders working on energy
poverty in the world's largest directory of
members.
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1. EnePoMAP context

Energy Poverty Advisory Hub (EPAH)

EU
ENERGY POVERTY
Observatory

EU
ENERGY POVERTY
Observatory

Towards an inclusive energy
Member State Reports on transition in the European

Energy Poverty 2019 Union: Confronting energy
poverty amidst a global crisis

Third pan-EU energy poverty report of the EU
Energy Poverty Observatory

Stefan Bouzarovski and Harriet Thomson, with
contributions by Marine Comelis, Anais Varo and
Rachel Guyet

fiiniid el

[link]
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https://op.europa.eu/en/publication-detail/-/publication/4a440cf0-b5f5-11ea-bb7a-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/b9a25ba4-9ef6-11ea-9d2d-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=37085&WT.ria_f=3608&WT.ria_ev=search

1. EnePoMAP context

IS NEEDED G Taaw
B 2.2 3.9 4, By

AT LEAST 3% DEEP MINIMUM ENERGY ADEQUATE FINANCE PRIORITISE

October 2020
#EUGreenDeal

LOW-INCOME

RENOWVATION RATE PERFORMAMNCE & FUNDING
HOUSEHOLDS

STANDARDS

TOWARDS & WEALTHY, RENOVATID EURQPE
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2. EnePoMAP objective

“This proposal will develop a comprehensive methodology aimed at integrating available big data sets from different

sources and applying a data processing for mapping the EP risk in any district located in Spain or Portugal”

Energy costs

: : DATA PROCESING
1

INC @ E:>

""""""""""""""" 1 I""'''''"""""""""""""I e |
WP1 | |  Energy Poverty Wp2 . + WP3 - WP4 - WP5
P indicators I ! A
Pl . . | I a) Mapping investment of
| : * AR | : cost-effective solutions
eurostat# N e | ! (GIS)
(GIS) ! i
| I
| |
| |

Identifying cost-
effective energy
renovations

Instituto Nacanal de Estadistica .
Household incomes

iy

L i : b) Map?;g the effécﬁ of
. _E_L Heating demand : i so;zt;:;ns
1l estimation ! i
||_| | m Lo 1ST OUTCOME OF | ! |
a THE PROJECT : ! 2NP OUTCOME OF
s, CODStTUCtiON features | 1 ! THE PROJECT
___________________________ I 1
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3. EnePoMAP methodology

WP1. Identification of key indicators WP2. GIS-based methodology for
and available public data-bases mapping and identifying areas in =
risk of energy poverty WP3. Building renovation potential
WP1-T1 WP1-T2 WP1-T3 assessment to alleviate energy poverty
WP2-T1 || WP2-T2 ‘o g
- . ' ' WP3-T1 WP3-T2 WP3-T3
A NG B Ha\

@ .‘ﬂ'rl_f\L tetituts Nozwend i Estacsten WP2—T3

eteostati WP3-T4 || wWP3T5 ﬁ

s

WP5. Integration of energy renovations
potential and rooftop solar potential

WPA4. Rooftop solar potential

WP6. Involvement of the different )
assessment to alleviate energy poverty

stakeholders: demonstration in a

assessment into a decision making process ey
real case-study WP3-T1 WP3-T2 @
(et oYt + WP5-T1 || WP5-T2 || WP5-T3 || WP5-T4 -
A ) 5 ’ (& '
N7 9 \ WP3-T3 { —

ss2 A

WP7. Communication and dissemination

WP8. Management
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3. EnePoMAP methodology

WP1. Identification of key indicators
and available public data-bases

| |

| |

| |

| |

| |

: WP1-T1 WP1-T2 wp1T3 ||| WP3. Building renovation potential WP4. Rooftop solar potential

: : assessment to alleviate energy poverty assessment to alleviate energy poverty
1 ﬂ INEe 1

1 s hacorsl de [rscesce __‘:b\ Ad 4
: A @ eurostatil : WP3-T1 WP3-T2 WP3-T3 A WP3-T1 WP3-T2 ﬁ
| |

| |

I WP2. GIS-based methodology for |

: mapping and identifying areas in ! WP3-T4 WP3-T5 ﬁ WP3-T3

| risk of energy poverty : I

: WP2- WP2- :

i 11 v & i

: WP2- :

| T3 |

| |

| |

A

Potentials: Energy Efficiency Potentials: RES implementation
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Stage 1.




3. EnePoMAP methodology

Main objective: a procedure to evaluate energy vulnerability on a regional scale:

O enabling the identification of priority areas

O insights into the main weaknesses in those areas Priovitise areas art-

Tof
~

?

regeonal leyel for energy
" L b

limited amount of indicators

the indicators should be derived from public databases

@ they should be updated periodically

<

Sufficiently disaggregated to determine inequalities within municipalities

o
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3. EnePoMAP methodology

people =65 or <5

DIMENSION PARAMETER INDICATOR Threshold sgjtfc
o g . High building age % buildings built before 1979 Q1 Cadastre
8a Low building efficiency | , |
% 5 | Poor energy rating | | % of buildings with G rating | L5 x reg. mean | EPCs
=
SO e Buildings with no . 1ot s
@ & Inadequate thermal facilities heating system % of dwellings 15xreg EUSTATINE
w . "
€ %E High energy expenses High average PEC | | | 0" B8 consumerion 2 xreg. median ERCs
: . % of households with
L Low income nghprnnnrhnn of incomes <60% of the 15 x reg. mean IME
o g g low-income people regional median
4
o
<l aya i i
. o & Age vulnerability High proportion of % of people >65 or <5) T INE
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3. EnePoMAP methodology

DIMENSION PARAMETER INDICATOR LEVEL OF SEVERITY

ngh bl..lll.dlng age Level |: Low building efficiency OR

Poor energy rating Inadequate thermal facilities

Low building efficiency

_— . Level 11: Low building efficiency AND
Buildings with no Inadeqguate thermal facilities

heating system

BUILDINGS
FEATURES

Inadequate thermal facilities

%E High energy expenses PEC Level

| |
: N
| ) High proportion o
! & % L Low income of low-income Level I: Low income o
: — o L 1
i U % 5 peop’e Level II: Low income AND Age Lo
| A B < ags High proportion of vulnersbiity o
5 m Age vulnerability i 265 or <6 .

e e o e i o e o e o . e e o o e o o o . o o o o o e o
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3. EnePoMAP methodology

o

Severe Highest-level severity for at least two out of three dimensions

Critical: a sub-category of Severe, the census section is additionally
identified as red in the Atlas of Urban Vulnerability in Spain

Level 1 severity for all three dimensions

Highest-level severity is reached for at least one dimension and at least
Level 1 is reached for a second dimension. Further study is required.
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3. EnePoMAP methodology

Santurtzi

- Critical (5 census sections)

Severe (9 census sections)

- Moderate (14 census sections)

Mild {61 census sections)

Bilbac
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3. EnePoMAP methodology




3. EnePoMAP methodology

SEVERE

High building oge

High proportion
of people <5

High
proportion of
people »65

High proportion of low-
inrcome people

—t BARAKALDOD-BEURKO e BARAKALDO-ZUATEIU
—a—BILBAD-ERREFKALDE —a— BILBAO-MASUSTEGI

— ERAMDIO-ALTZAGA e SAMTURTEZ-5AMN 11UAMN

Poor energy rating

No heating
spstem

High average PEC

BILBAO-ERREKALDE

—a—RILBAD-SANTUTXL

— e SESTAQ-TXABARRI

CRITICAL

High building age

High proportion .
of people <5 Poor energy rating
H .
pmpnrtianj!z; Mo heating
spstem
people >65
High proportion of low- High overage PEC

ircome people

— B LE & O -OTHARKOAGA —te BILEACQ-OTHARKOAGA —t— B LEAC-OTXAR KOAGA

— BILBAD-ZORROTZLA — BARAKALDO-RONTEGI
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ELSEVIER

3. EnePoMAP methodology

Sustainable Cities and Society 89 (2023) 104301
Contents lists available at ScienceDirect

Sustainable Cities and Society

journal homepage: www.elsevier.com/locate/scs

Multidimensional procedure for mapping and monitoring urban energy

vulnerability at regional level using public data: Proposal and
implementation into a case study in Spain

Jon Terés-Zubiaga ™, Iker Gonzélez-Pino °, Irantzu Alvarez-Gonzalez ",

Alvaro Campos-Celador ©

® ENED] Research Group, Energy Engineering Deparoment, Faculty of Engineering of Bilbao, University of the Bosque Couwniry UPV/EHU, Flaza Ingeruero Torres Quevedo

1, 48013, Bilban, Spain

® SAREN Research Group, Department of Graphical Expression and Engineering Projects, Faculty of Engineering of Bilbao, University of the Basque Gountry UPV/EHT,

Rafel Marens Pirded 2, 48013, Bilbas, Spain

= ENEDI Research Group, Energy Engineering Department, Faculty of Engineering of Gipuzkoa (Ebar section), University of the Basque Gounmy UPV/EHU, Av. Craola

ARTICLE INFO

ional procedure
urban cnergy
using public
on into a
pain - ASSOCIATE DATA (Original

se

Eeywords:

Energy vulnerability

Encrgy poverty

Fuel poverty

Open data

Energy performance certificates
Cadastral data

ABSTRACT

Energy poverty is nowadays one of the biggest challenges to be tackled in the European Union, so identifying the
number of households in a situation of energy vulnerability and taking the necessary measures to protect
vulnerable and energy poor customers is considered to be essential. In this study, a simple methodology for
identifying and menitoring energy vulnerable areas based on informarion available in public databases is pre-
sented. This paper brings to light the potential of existing public data for evaluating energy vulnerability, and the
nature of these data also enables the evolution of vulnerability levels and the effect of potential measures
implemented to be evaluated. The proposed method allows energy vulnerability to be mapped and diagnosed, at
census section level, by means of a three-dimensional index that takes into account building features and energy
expenses and two socio-economic indicators, giving rise to a vulnerability waffic-light. The method is then
illustrated with the evaluation of the energy vulnerability of a region located in northern Spain (Greater Bilbao),
where 13% of the census sections or 93,000 inhabitants reside (11% of the total population analysed), have been
identified as suffering different levels of energy vulnerability. A geographical pattern has also been clearly
recognised.

Jon Terés-Zubiaga, lker Gonzalez-Pino, Irantzu Alvarez-
Gonzalez, Alvaro Campos-Celador,

Multidimensional procedure for mapping and monitoring
urban energy vulnerability at regional level using public
data: Proposal and implementation into a case study in
Spain,

Sustainable Cities and Society, Vol 89,104301,

2023

https://doi.org/10.1016/j.scs.2022.104301.
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3. EnePoMAP methodology

% 175%  200%  >200%

Gender Vulnerable
Neighborhoods - women

O  Critical risk
E—=Elderly
[T Ethnicity
Disability
Monoparental
Part-time
Unemployment

¢ — _ JElementary occupation

®

3

r
S
ST W\x@

g %\\\

2
7

>
b2
s
o,
/”f M
(o=

4'»"'. o Y -
SEL ) TG
wh 28N
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SMACCs Master Thesis (2023): Mapping gendered vulnerability to energy poverty: Case study of Madrid

Nayely B. Capetillo Ordaz

Supervised by F. Martin-Consuegra (IETcc), C. Alonso Ruiz de Rivas (IETcc), S. Koutra (UMons), J. Terés Zubiaga (UPV/EHU)
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3. EnePoMAP methodology

_ Transport Poverty of Madrid

=

1)
2)
3)
4)
5)

1)

2)

f , e 3)

| ] Low TP f ‘ ; 4)
| ) Medium TP 4 ¢

M Severe TP [ ' 5)

M Critical TP

e wmKm

‘Transport Poverty

Affordability
Availability
Accessibility
Travel Time
Safety

Energy Poverty

%ﬁf)

Residential
Vulnerability
Income
Utilities Price
No heating
system

Elderly persons

Mapping Indicators

Overlapping Transport Poverty

Diagnosis

T b )

SMACCs Master Thesis (2023): Exploring Double Energy and Transport Poverty: Case study of Madrid

Mariia Kotova

Supervised by F. Martin-Consuegra (IETcc), F. de Frutos (IETcc), J. Terés Zubiaga (UPV/EHU)
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Stage 2.

Energy
Efficiency




3. EnePoMAP methodology

Energy
Efficiency

N g
WP3-Task1 AN =31 / ot
f | oAV~ N
= q

: J I I

I | ! I

" 1 : I I

I | I I

I 1 1 I

| 1 I I

I I ! I

I | ! I

" I o I '

I - W : : || Energy savings | |

: Simple methodology ; 1Y ' : |

I for energy demand : e =SEESESSESCE . : : I Funding models :

: calculation | | AR | | i @ l

== = =% —, — A e ————— | ' Economic '

Iy [ Heating L — 1 | WP3-Task4 ||

I |: DHW || Elect ||| & | L : Energy demand i : assessment I ;

: :I ———It———1| cooling I I (improvement WP3-| 1 | @ : I

: i @ ___________ ! : alternatives) Task2 i : : : P L :
| I GIS Implementation ! ~ -~~~ """~ "7 77 ! Demonstration into a generic
i | Inputin WP4 l P ' l . g
| - i WP3-Task3 | I district
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3. EnePoMAP methodology

@smnccs

Optimization of a District
Heating energy supply system
under a  cost-effectiveness
perspective

Oleksandr Husiev

Main academic Supervisor: Dr, Alvaro, CAMPOS, UPV/EHU
Academic co-supervisor:  Dr, Jon, TERES, UPV/EHU

A Master Thesis submitted for the Erasmus Mundus Joint Master
Degree on Smart Cities and Communities (SMACCs)

June 2021

Univessity of Mons, Hedot-Watt University, International Hellenic University,

University of the Basque Couatry

MON HERIOT A INTERNATIONAL
UIMUNOS gyaTT 4)< niiii

snivinsity <=, UNIVERSITY aalgoe  Rutal Mo

SMACCs Master Thesis (2021): Optimization
of a District Heating energy supply system

under a cost-effectiveness perspective

Oleksandr Husiev
A. Campos-Celador (UPV/EHU), J. Terés Zubiaga (UPV/EHU)

ELSEVIER

Energy
Efficiency

Energy & Buildings 295 (2023) 113288
Contents lists available at ScienceDirect

Energy & Buildings

journal homepage: www.elsevier.com/locate/enb

Why district renovation is not leading the race? Critical assessment of
building renovation potential under different intervention levels

Oleksandr Husiev ®, Alvaro Campos-Celador °, Milagros Alvarez-Sanz°, Jon Terés-Zubiaga "

* Faculty of Enginesring, University of Deusto, Avda Universidades 24, 48007 Bilbao, Spain

* ENEDI Research Group, Depar of Energy

Faculty of Engineering of Gipuzkoa, University of the Basque Gounery UPV/EHU, Spain

< ENEDI Research Group, Department of Energy Engineering, Faculty of Engineering of Bilbao, Urniversisy of the Basque Gountry UPV/EHU, Plaza Ingerdere Torres

Quevedo 1, 45013 Bilbas, Spain

ARTICLEINFO

Feywords:

Encrgy renovation

Nearly zero energy districts
PRenewable intsgration in buildings
Urban encrgy transition
Cost-cffective assessment

Large-scale building renovation

ABSTRACT

Building is one of the main sectors in which significant energy savings can be achieved with a consequent
reduction in emissions. This paper assesses the large-scale renovation of buildings, exploring the quantitative and
qualitative factors that determine their replicability potential from three different perspectives, namely dwelling,
building and district intervention level. Different passive and active measures are assessed, covering energy
saving measures, the improvement of energy supply systems and the integration of renewable energy sources.
Different scenarios are defined for each intervention level, which are evaluared using the methodology developed
in the IEA-EBC Annex 75 project. The methodology is applied to a residential distriet located in Bilbao (Northern
Spain). The analysis is based on the results obtained from the simulation of 41 combinations of different reno-
vation options, obtained by simulation in the Design Builder sofrware. The assessment is carried out from the
evaluation of different key performance factors, including annualised cost and annual primary energy con-
sumption, as well as the CAPEX and OPEX requirements. The results show that energy renovation of buildings
offers a great opportunity for energy reduction at affordable investment costs, obtaining the cost optimal values
when the intervention focus on the energy system and reaching net NRPE values close to zero when the inter-
vention is carried out in a comprehensive way, considering energy systems and thermal improvement of the
envelope. Additionally, the different energy reduction scenarios show that, while interventions at district level
offer the greatest potential for minimising annual costs and primary energy consumprion levels, intervening at
building level offers only slightly worse results. However, there are other issues which can better explain the
current low rate of renovation works in the urban environment. Thus, if the additional existing social, material
and legal barriers and constraints are included in the analysis, it becomes clear why renovation from a districe
perspective is not actually leading the race. Given this situation, some measures and policies are proposed to
realise the true potential of large-scale building renovation.
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