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Some lessons from cartography…
What do these previous slides show us?

0 – Jon is fond of maps (and cartography in general)

Models are a simplified description, of a system or process, to assist calculations and predictions.’

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

Models will almost always have limitations

Models may include bias, which can affect the both the results and analysis of them. 
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Some lessons from cartography…

“All models are wrong, 
some are useful”

George Box
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What about 
building 
models?
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Mathematical models
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Mathematical models

Deterministic equations
(not random)

System knowledge ↑ ↑

Physics principles Input-Output 
representation

System knowledge ↓ ↓Experimental data

White Box Gray Box Black Box

Measured 
Data

Estatistical
Methods

Mathematical 
Methods
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equations

Modelling 
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Computer 
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Real 
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Maths 
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Computer 
world

Mathematical models and monitoring studies
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Relevant data to calculate building energy needs (at regional scale)
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Relevant data to calculate building energy needs (at regional scale)

TARGET

TARGET

Uncert.

Uncert.



31

Data for Buildings’ 
Energy 
Performance?
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Relevant data to calculate building energy needs (at regional scale)

𝐸𝐸𝑇𝑇 = 𝐷𝐷𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

Standard values (by uses)
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Relevant data to calculate building energy needs (at regional scale)

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

𝐸𝐸𝑇𝑇 = 𝐷𝐷𝐷𝐷𝐷𝐷𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
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Relevant data to calculate building energy needs (at regional scale)

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

CONVECTION

RADIATION 
(LONG WAVE)

RADIATION 
(SHORT WAVE)

CONDUCTION

Tsky

Tedif. y sup. colindantes

Tground

Tequivalent

GENERAL EQUATION OF 
HEAT CONDUCTION

Constant conductivity:
CONDUCTION

CONVECTION

FORCED CONVECTION?

NATURAL CONVECTION?



37

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

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

GENERAL EQUATION OF 
HEAT CONDUCTION

Constant conductivity:
CONDUCTION

CONVECTION

FORCED CONVECTION?

NATURAL CONVECTION?

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

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

Conditions:
Steady state (it means static situation)
No heat generation (only heat transfers)

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

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

CONDUCTION:

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

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖
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Relevant data to calculate building energy needs (at regional scale)

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

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

𝑄𝑄𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + Inf +𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ± 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖

Variable Category Specific Building Parameter

Envelope characteristics

U-value of roof

U-value of building façade

U-value of window

Window SHGC

Infiltration losses

Building geometry

South equivalent surface (SES)

Shape factor

Roof surface area

Façade surface area

Window surface area

Building operation Internal gains, uses

System configuration Heating set point temperature

Outdoor climate HDD, minimum temp, WDF…

Envelope

Infil. & Vent.

Solar Gains

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

(from J. Fernández 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) 

Stats
Cadastral data

EPCs

Other sources
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How these data can 
be organised for 
energy performance 
calculations?
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EnePoMAP
Mapping and providing cost 
effective solutions for tackling 
energy poverty
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1. EnePoMAP context

II Call “Social Research” (Fundación La Caixa)

“rely on data to provide robust quantifiable evidence and insights about current and emerging social challenges in Spain and 

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” Open data bases GIS

Energy Poverty

Universidade do Minho

15 proposals
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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:

 Mold

 Humidity

Health effects

 Respiratory diseases

 Cardiovascular diseases

 Mental diseases

1. EnePoMAP context
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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.

MULTIDIMENSIONAL AND COMPLEX PROBLEM

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

1. EnePoMAP context

What is “Energy Poverty”?

50M
Households in the UE

https://www.energypoverty.eu/
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BUILDING 
FEATURES

INCOMES
ENERGY COSTS

1. EnePoMAP context

What is “Energy Poverty”?
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RES implement.

Heating

Cooling

Energy dependence

Share of incomes for
energy expenses

Energy
renovation

Reduction of 
Energy demand

Reduction of 
energy

consumption

1. EnePoMAP context

What is “Energy Poverty”?
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First indicator: BRENDA BOARDMAN 1991

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

REAL VALUES, based on energy bills

1. EnePoMAP context

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 →
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

> 10%

“Energy Poverty” Indicators
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“Energy Poverty” Indicators

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

1. EnePoMAP context
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https://www.energypoverty.eu/indicators-data

1. EnePoMAP context

“Energy Poverty” Indicators

https://www.energypoverty.eu/indicators-data
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“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
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Energy Poverty Advisory Hub (EPAH)

1. EnePoMAP context
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Energy Poverty Advisory Hub (EPAH)

[link][link]

1. EnePoMAP context

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
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1. EnePoMAP context
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“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”

2. EnePoMAP objective
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3. EnePoMAP methodology
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WP4. Rooftop solar potential 
assessment to alleviate energy poverty

WP3-T1 WP3-T2

WP3-T3

WP3. Building renovation potential 
assessment to alleviate energy poverty

WP3-T1 WP3-T2

WP3-T4 WP3-T5

WP3-T3

Diagnosis Potentials: Energy Efficiency Potentials: RES implementation

3. EnePoMAP methodology
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Stage 1.

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

 enabling the identification of priority areas 

 insights into the main weaknesses in those areas

limited amount of indicators

the indicators should be derived from public databases 

they should be updated periodically

Sufficiently disaggregated to determine inequalities within municipalities

Prioritise areas at 

regional level for energy 

renovation in buildings

R
eq

u
ir

em
en

ts

3. EnePoMAP methodology
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Diagnosis

3. EnePoMAP methodology
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Diagnosis

3. EnePoMAP methodology
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Diagnosis

3. EnePoMAP methodology
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Diagnosis

3. EnePoMAP methodology
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Diagnosis

3. EnePoMAP methodology
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Diagnosis

3. EnePoMAP methodology
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Jon Terés-Zubiaga, Iker González-Pino, Irantzu Álvarez-
González, Álvaro 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.

Diagnosis

3. EnePoMAP methodology
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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. Martín-Consuegra (IETcc), C. Alonso Ruíz de Rivas (IETcc), S. Koutra (UMons), J. Terés Zubiaga (UPV/EHU)

Diagnosis

3. EnePoMAP methodology
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SMACCs Master Thesis (2023): Exploring Double Energy and Transport Poverty: Case study of Madrid
Mariia Kotova

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

Diagnosis

3. EnePoMAP methodology
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Stage 2.

Energy 
Efficiency
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Energy 
Efficiency

3. EnePoMAP methodology
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SMACCs Master Thesis (2021): Optimization 
of a District Heating energy supply system 

under a cost-effectiveness perspective
Oleksandr Husiev

Á. Campos-Celador (UPV/EHU), J. Terés Zubiaga (UPV/EHU)

Energy 
Efficiency

3. EnePoMAP methodology
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SMACCs Master Thesis (2021): Optimization of a District Heating energy supply system under a cost-effectiveness perspective
Oleksandr Husiev

ESM

Energy Systems

3. EnePoMAP methodology



77

Energy 
Efficiency

3. EnePoMAP methodology
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2
approaches

Energy 
Efficiency

3. EnePoMAP methodology
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Variable Category Specific Building Parameter Unit

Envelope

characteristics

U-value of roof

W/m2KU-value of building façade

U-value of window

Window SHGC -

Infiltration loss W/K

Building geometry

South equivalent surface (SES) m2

Shape factor m

Roof surface area

m2Façade surface area

Window surface area

Building operation Internal gain W/m2

System configuration Heating set point temperature °C

Outdoor climate HDD K year

Sources

Energy 
Efficiency

3. EnePoMAP methodology
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SMACCs Master Thesis (2023): Forecasting Residential Heating Demand, Leveraging 
Modern Machine Learning Approach and Conventional Degree Days Method

Felicia A. Satriya
Supervised by C. Berberidis (IHU), J. Terés Zubiaga (UPV/EHU), K. Martín Escudero (ENEDI – UPV/EHU) 

Energy 
Efficiency

3. EnePoMAP methodology



82
Geometric and thermal characterization of buildings at urban scale based on open data 

Cristina Villanueva Díaz, Milagros Álvarez Sanz, Álvaro Campos Celador, Jon Terés Zubiaga
14th International Conference on Energy Efficiency and Sustainability in Architecture and Urbanism (EESAP 14). 2023

Energy 
Efficiency

3. EnePoMAP methodology
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Energy 
Efficiency

3. EnePoMAP methodology
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Stage 3.

RES 
implementation
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RES 
implement

3. EnePoMAP methodology
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RES 
implement

Master Thesis (2020): Potencial Tecnoeconómico de 
energía fotovoltaica en el Campus de Leioa de la UPV/EHU

Danel de Prado Requena
Á. Campos-Celador (UPV/EHU), J. Terés Zubiaga (UPV/EHU)

3. EnePoMAP methodology
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RES 
implement

Master Thesis (2021): Auzo Mailako partekatutako
autokonsumo potentzialaren azterketa

Aratz Errementeria Nikolas
Á. Campos-Celador (UPV/EHU), J. Terés Zubiaga (UPV/EHU)

3. EnePoMAP methodology
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PhD Jon Terés-Zubiaga
Department of Energy Engineering

University of the Basque Country
MSc in Smart Cities and Communities
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