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Energy consumption vs comfort in social housing
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Different Climates the same strategy?
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Energy performance label
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Model information

Heating

Vasco Peixoto de Freitas 2019 - 6

Cooling

Renewal energy

CO2 emission
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In service conditions vs Certification

What is the difference

between the reference

consumption and the reality?
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No…

Why? 
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Does energy certification translate energy

consumption and CO2 production?
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Reality – Social housing

Heating
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Cooling

Renewal energy

CO2 emission

0 €

0 €
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PORTUGAL

Vasco Peixoto de Freitas 2019:: 10

Energy consumption in the domestic sector in the EU (2012)
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(Lapillonne et al, 2015) 

Low “Space heating” …

Energy consumptions - Portugal vs. Europe
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Why?

PORTUGAL
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2

Climate, Energy poverty and Cultural aspects
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Climate and Heating needs
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Climate…

Fonte: Sílvia Magalhães (2017)
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GDA 

REF

Θext,i

REF

°C °C

Minho-Lima 1629 8,2

Alto Trás-os-Montes 2015 5,5

Cávado 1491 9,0

Ave 1653 7,8

Grande Porto 1250 9,9

Tâmega 1570 7,8

Douro 1764 6,3

Entre Douro e Vouga 1544 8,4

Minho-Lima

Alto Trás-os-Montes

Cávado

Ave

Grande
Porto Tâmega Douro

Entre Douro
e Vouga

Heating degree days – north of Portugal

Source: RCCTE, Despacho (extrato) n.º 15793-F/2013 - Tabela 04

Portuguese average = 1165 HDD

European average = 3076 HDD
Source: Eurostat 2009
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Income…

Vasco Peixoto de Freitas Fonte: Sílvia Magalhães (2017)



LFC

Energy price…

Vasco Peixoto de Freitas 2019- 19Fonte: Sílvia Magalhães (2017)



LFC

Low Income + High Energy Costs…

0

5

10

15

20

25

30

35

40

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

R
o
m

a
n
ia

B
u
lg

a
ri
a

H
u
n
g

a
ry

L
it
h
u

a
n

ia
P

o
la

n
d

L
a

tv
ia

C
ro

a
ti
a

S
lo

v
a
k
ia

E
s
to

n
ia

G
re

e
c
e

C
z
e

c
h

 R
e

p
.

P
o
rt

u
g
a

l
S

lo
v
e
n

ia
S

p
a

in
C

y
p

ru
s

M
a

lt
a

E
U

-2
7

It
a

ly
Ir

e
la

n
d

E
U

-1
8

G
e

rm
a

n
y

F
ra

n
c
e

N
e
th

e
rl
.

U
K

B
e
lg

iu
m

F
in

la
n
d

Ic
e

la
n

d
A

u
s
tr

ia
S

w
e
d
e

n
D

e
n
m

a
rk

L
u

x
e

m
b
.

k €€/kWh

€/elect. 2015

€/elect. taxes

€/gas 2015

Income 2014

EU Average income
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Electricity and gas average price - Portugal vs. EU (2016)

23,2

20,5

8,6

Gas priceEnergy price

Cêntimos/kwh

10
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5

PT EU

6,3

Source: https://www.energypoverty.eu

The gas price is 37% higher 

than the EU-27 average

The electricity price is 13% 

higher than the EU-27 average
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Climate, Incames and energy price

Indicators: Portugal vs. UE

Fonte: Magalhães (2016) dados de Weatherdatabase.com, EUROSTAT 2009, 2014 e 2015

Indicators EU-27 Portugal

Average temperature annual 8,2 15,7 +91%

HDD (2009) 3076 1166 -62%

Income (2014) 15 412 9 444 -39%

Energy Price: electricity    

gas
0,21/ 0,07

0,23/          

0,10

+9% 

+38%

% heating 67 21,5 -68%

2019 
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kitchen; 6%

hot water; 
13%

appliances; 
11%

lighting; 2%space heating; 

67%

cooling 0,5%; 
0,50%

kitchen; 
39,10%

hot water; 
23,50%

appliances; 
10,90%

lighting; 
4,50%

space 
heating; 

21,50%

cooling; 
0,50%

Household energy consumptions - Portugal vs. Europe

EUROPE PORTUGAL

Sílvia A. Magalhães - Vasco Peixoto de Freitas 2019 - 23



LFC

The energy used to heat is 

only about 10% of the 

theoretical needs

PORTUGAL
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Cultural aspects

Open the windows every morning 

Vasco Peixoto de Freitas 2019 - 25
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This type of family does not 

spend money on heating

Vasco Peixoto de Freitas 2019 :: 26

Energy efficiency or minimize the

discomfort?
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Which is the best strategy in this case?

Sílvia A. Magalhães - Vasco Peixoto de Freitas

Energy efficiency or 

to minimize the 

discomfort?

2019 - 27
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Discomfort and health in Social Housing
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Exterior Temperature vs  Mortality
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Exterior Temperature vs  Mortality

0,04%
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Exterior Temperature vs  Mortality

0,07%
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Social Housing - New Buildings

Vasco Peixoto de Freitas                                                                                                     2019



- Proposal



- Southwest entrance
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But it is very difficult to achieve…
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28%
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22%
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Fonte: Magalhães (2016), dados da ADENE 2015 2019 :: 33
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Solar protection – Shading
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Ventilation - Principle
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Heating - biomass

 Fireplace – living 

room

 Power - 8 kW

 Efficiency - 76%

 Ensures room heating
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Renewable energy for sanitary water and  

heating – Solar Thermal Panels or PV Panels
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Maintenance costs

Vasco Peixoto de Freitas 2019 - 43

Risk
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Social Housing - Rehabilitation

Vasco Peixoto de Freitas                                                                                                     2019
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Rehabilitation  - Social housing

2019 _45
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Problem?

Differences between theoretical energy

consumptions according to EPBD model and 

the actual energy household consumptions

(Southern European countries)

Vasco Peixoto de Freitas 2019 - 46
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.  If intermittent heating/cooling is the practice energy efficiency is 

important,but more important is to minimize the discomfort 
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Vasco Peixoto de Freitas 2016 :: 48

After 1st January 2016

Maximum U values
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Insulation thickness

Wall Thermal code Insulation

UPExistente

[W/m2.ºC]

RPExistente

[m2.ºC/W]

UMáx I2

[W/m2.ºC]

RMín I2

[m2.ºC/W]

R I2

[m2.ºC/W]

e [m]

 = 0,05 

[W/m.ºC]

e [m]

 = 0,03 

[W/m.ºC]

1,00 1,00 0,40 2,50 1,50 0,08 0,05

1,50 0,67 0,40 2,50 1,83 0,09 0,06

2,00 0,50 0,40 2,50 2,00 0,10 0,06

2,50 0,40 0,40 2,50 2,10 0,11 0,07
Vasco Peixoto de Freitas 2019 :: 49
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Important to understand…

Increase hygrothermal risks

Increase summer overheating…

Economic mistake in the 

real payback

Inappropriate impact of 

the same measures
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Economic mistakes in the payback 

calculation
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Ci

Cm

Cm

END

SAVINGS

€

Time

Cost analysis



LFC

Vasco Peixoto de Freitas 2019 - 53

Ci

Cm

Cm

Durability

SAVINGS

€

Time

Durability
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Ci

Cm

Cm

Durability

END

SAVINGS

€

Time

Intermittent or non-existent heating practice? 

Payback
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… my point of view …

For social housing

Minimize discomfort

There is no energy saving if families do 

not heat or cool

The Portuguese reality is very different 

from most of the European countries

Energy efficiency is important ... but..

Vasco Peixoto de Freitas 2019 - 55
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Alternative approach

Quantification of the 

discomfort minimization

Vasco Peixoto de Freitas 2019 :: 56
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Alternative incentive model Current incentive model - SCE

CE in the base situation

CE in the improved solution

Increase of x energy classes

IDP in the base situation

IDP in the improved solution

Passive Discomfort Index (IDP)

Energy class

energy class
Upper

Energy efficiency – Classic approach…

Minimization of the discomfort - Alternative
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“PASSIVE DISCOMFORT INDEX” 

PDI definition

6
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“Passive Discomfort Index” (PDI) definition – Empty house

PDI= S (ºC. hWIN) + S (ºC. hSUM) 

PDITOT= PDIWIN + PDISUM

A

Sílvia A. Magalhães - Vasco Peixoto de Freitas 2019 - 59
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“Passive Discomfort Index” (PDI) definition – Intermittent

heating

PDI= S (ºC. hWIN) + S (ºC. hSUM) 

PDITOT= PDIWIN + PDISUM

B A

Vasco Peixoto de Freitas 2019- 60
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CONCLUSIONS

7
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Envelope or equipment's

Vasco Peixoto de Freitas 2019 - 63
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Designers have a narrow path to define the 

solutions in social housing (intermittent heating)
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For some Southern European countries (PORTUGAL) it is important

to promote a complementary index to Energy Certification Label

Energy Certification Label Discomfort Passive index

Vasco Peixoto de Freitas 2019 - 65
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Vasco Peixoto de Freitas 

mail@vpfreitas.com

vpfreita@fe.up.pt

Thank you very much for your attention.…

mailto:mail@vpfreitas.com

