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Basic physics?
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Figure 2: Apart from the efficiency of the heating installation,

the heat balance of a building determines the energy

consumption for space heatiné.

bup ® ¥ * ®acc T 9 (W) (1)

where: ¢HD = heat supplied by the heating systém (W)
¢ = heat losses by transmission and ventilation (W)
L )
= accumulation of heat into the mass inside or
surrocunding the space (W)

¢~G = heat gains from internal sources and sun (W)



Is It really that simple? Ci |

Energy use [GJ] =2
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Need for better calculation "
methodologies?

NEN 7120 NEN 5128

PHPP 2003 ~GJ Total
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IEA Annex 53 Total energy use In Ci_l
buildings — influencing factors
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Uncertainties Ci j

1. The energy performance regulations (EPBD)
2. The performance of buildings and equipment
3. The occupant behaviour
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Real energy use versus EPC Ci_l
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Energy performance calculation [
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Design 1
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Characteristics
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- Related to building regulations
- To obtain a building permit

- Pertaining to public law

- Control at government
- “Labeling” of buildings
- Forfaitair and sometimes arbitrary starting points
- For 1 family type, a climatic condition, etc.

- Output is dimensionless co-efficient

Output
— |




EPC versus CO,-reduction
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Real energy use compared to EPC ':H
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Boundary conditions for Ci_l
Performance Index

I
Outdoor climate related boundary conditions |

Outdoor
Climate

Occupancy+




Energy performance coefficient Ci—l

Heating Cooling Lighting Humidifying

Installation Installation Installation Installation Installation Installation Installation
- efficiency - efficiency - power - power - power - power - power
- control - control - control - control - control - control - control

Transmission Heat gains Windows Ventilation
Ventilation

' ,m Measure Calculation

 Usoor [WIM°K] 0,31
 Ureof [WIM3K] 0,37
' Utacade [W/M?K] 0,37
Uwindow[\/\//mZK] 1,8
Shading No
Infiltration qy.10 [dmM®/s] |200 per 3000 m®
Ventilation Natural inlet / Mechanical exhaust
Fan [kKW] Pe= 8,0
Heating production Gas fired HE-Dboiler
HVAC system Class I: Mech. Ventilation, radiators
DHW production Gas fired HE-boiler
Lighting [W/m?] 12 HF lighting + local switch
Qpres,tot/Qpres,acc 0,98




Principle of equivalence H

System does not System

9
tulfil the req’s but cannot be tested according
has the same standardised test method

performance

Escape route
specified in
Building decree

| Equivalence performance approval )




Equivalent EPC

=

Consumption Prim. energy [MJ] Alteration [%] Prim. energy [MJ]

Mechvent Hybvent
Heating 2,441,597 -24.3 1,848,289
Fans 228,000 -77.9 50,388
Lighting 1,229,738 1,229,738
Pumps 67,987 67,987
DHW 157,397 157,397
Qpres;total 4,124,719 3,353,799
Qpres;acc 4,193,046 4,193,046
Qpt/Qpa 0.98 0.80

Hybrid ventilation: -20%



Boundary conditions q—l

m Fixed parameters m \Variable parameters
= Building » Pressure distribution
characteristics =» Occupancy pattern
. Thermal Insulation » CO, production
© Windows » Acceptable IAQ

* Air tightness
 Thermal mass (C.IOZ)
= Outdoor climate » Nighttemperature

(SRY) control

=» |[nternal temperature > Internal_ heat
production



ssure distribution
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- Acceptable CO, concentration q—l
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~ | CO, production
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~  Night temperature control ‘H
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Occupancy q—l
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Results versus medium |:| i

% Decrease compared with medium
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THE EXTREMES l:i_l

m Evil approach m Decent approach
=» Sheltered =» Exposed
=» Occupancy high =» Occupancy low
s = Acceptable » Acceptable
CO,=1000 ppm

4 CO,=1500 ppm
% CO, production low

= Nighttemperature
low

=» Internal heat high

=» CO, production high

=» Nighttemperature
high

=» |[nternal heat low



Results of extremes l:i |

Hybvent_evil Hybvent_medium Hybvent _decent
0.0 T T
O Decrease heat [%]
-20.0
B Decrease fans [%]
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2. The performance of buildings
and equipment




g

-
e —
—.r =
2.
. 7
i~

AlIr tightness of dwellings q—l
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AlIr tightness before and after
renovation
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Thermal insulation




..w— Positioning advanced ventilation in L
- relation to the (Dutch) EPBD
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Heat recovery units (counter flow) |:‘| |

EPBD default:
previously 75%, currently 80%

EPBD certificates: 95%
Passive House certificates:



Heat recovery units, lab. measurements by PHI EI—I
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Heat recovery units, field measurements q |
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DHW heat recovery units

a1 = A
kiwa
Partner for progress ==,y
Kwaliteitsverklaring
douchewater-warmteterugwinapparaat
t.b.v. berekening NEN 5128
(energieprestatie voor woningen en woongebouwen
@ 3
- bepalingsmethode)
Gastec Certification B.V. verklaart hierbij dat het douchewater

warmlelerugwinapparaal,

Type : DSS/Bries dubbelwandige douche WTW met k f
buitenmantel. Lengte 2,0m, diameter 63mm
van : Bries Energietechniek
te : Roden, Nederland
Pattern A :

a e rn is volgens de hod! door Gastec Certification BV in
opdracht van Novem (Juli 2003). In NEN 5128 per 21 mei 2009 {wijzigingsblad A1: 2009)
2ijn de 1 Het Is met deze tapdebieten doorgemeten. Dit
levert het volgende rendement op:

Klasse Tapdebi Tapvol R
(U/min, 40°C) ) %]
3 9.2 73" 57.6
456 125 100* 56.0
*) Het gemeten tapvelume wikt af van hel tapvolume opgegeven in NEN 5128+A1:2009.
- Apeidaorn, 16 juni 2009
time S
rd
Ing. A%A. Slomp,
Manager Appliances,
Gastec Certification BV,
=

time 5
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— What is it all about? Ci—l

s
=

Redenen genoeg. ..

...om te kiezen voor de
Intergas Kombi Kompakt HRE

1 EPC verlaging met 0.19

2 Jaartaprendement tot 95,8%

3 Eenvoud in installatie en montage

4 Simpel te combineren

5 Maximaal rendement, tot maar liefst
42,5% daling CO5-emissie




Field data (I):small heatpumps Ei—l

COP [-]




COP of heatpumps

Gy

COP COP COP
(EPBD) (EPBD& (measured
certificate) average)
Space- 4,6 6,08
heating
DHW 1,4 x Corr. 2,23 x Cotr.
Average 4,1-4,3 9,49-5,63 (3,75x0,5
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Field data (Il): large heatpumps Ci—l

@ SPF, annual average I SPF, max. montly average == SPF, average N=17
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Field data large heatpumps (Il) Ei—l

5,0
4.5 —
4,0 >~
e
o 3,0 e \_{\_
O 25
S 2% N
1,5 —s— Heatpump 1
10—
0,5 —=— Heatpump 4
0,0 . . .
january februari march april




Gy

Figure 23 Monthly heat efficiency (%) against heat supplied - combination boilers
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Heat Efficiency

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

: %. .2,,« twe i I

500

1000

1500 2000 250
Heat supplied kWh/month



Performance of combination of q |
technologies??
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4. The occupant behaviour




The 4 stages of an occupant Ci |

1. Easy stage 2. Thermal simulation stage 3. Comfort sensing
stage

¢ Reat occupant |



Energy use and occupant Ci |
behaviour

User aspects on energy use has been researched
= Social sciences

= Physics

= Economical sciences

From the social sciences several models have
been developed

Exemples: Van Raaij model, NOA model



Behavioral model Van Raaij et al.

General
nformation
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Variables
Socio-
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NOA-model Gatersleben & Vlek :H

—pp Technology Economy Demography Institutions Culture
Needs Opportunities Abilities
Relations, development, comfort, pleasure, work, Availability, Financial, temporal,
—p health, privacy, money, status, safety, nature, advertisement, prices, spatial, cognitive,
freedom, leisure time, justice shops physical

Behavioural control

N

Motivation

N
~

Intention

4

Consumer behaviour

Y
Subjective well-being, environmental quality




Energy behaviour in dwellings

Tabel 2-17  Verklarende variabelen (naar afnemend effect) voor energiekosten

Energiekosten totaal

Kosten elektriciteit

Kosten gas en warmte

Gebruiksopperviak
Energie-index’

Wijze van verwarmen

Inkomen

Apparaatbezit en gebruik
Woningtype

Type huishouden

Stookpatroon

Aantal buitenzijden van de woning
Leeftijd (hoofd huishouden)
Bouwijaarwoning

Etnische achtergrond respondent
Wijze en mate van baden / douchen
Wijze en mate van ventileren

Gebruiksopperviak
Apparaatbezit en gebruik
Inkomen

Aantal kinderen
woningtype

Type huishouden

Wijze van verwarmen
stookpatroon

Aantal valwassenen
Etnische achtergrond respondent
Energie-index

Wijze van verwarmen
Gebruiksopperviak
Energie-index

stookpatroon

woningtype

Type huishouden

Wijze en mate van ventileren
Bouwjaarwoning

Etnische achtergrond respondent
Inkomen

Aantal buitenzijden van de woning
Leeftijd (hoofd huishouden)
Aantalkinderen

d6% verklaarde variantie

339% verklaarde variantie

A0% verklaarde variantie




~ Energy occupant behaviour

=

B thermostatic setpoint
Alsit ; Heating — operation of windows
- opening/closing of curtains

setpoint
operation of sunscreens

| operation of windows
internal heat load reduction

Cooling

setpoint of mechanical ventilation system
Ventilation operation of natural ventilation inlets
operation of windows

duration of shower or bath
Domestic hot water —— number of showers or baths
type and number of other applications

operating lighting

Lightin
9 9 installed lighting appliances
number of meals
Cooking
type of equipment (gas ring burner, oven, microwave)
cooling and refrigerating
wiilts goods washing and cleaning
Household appliances » audlo and video

computers
brown goods P

luxury and others
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Psychological aspects

| computergebruik J-
standby verbruik

— entertainment

elektriciteitsgebruik -
- wassen en drogen ™

{ reiniging

e

kleding aanpassen

ragm openan

zonwering laten zakken

koele dranken
vantilator aanschakelen

_koeling inschakelen

themmostaat lager zetten

winter kleding aanpassen
|_raam openen
zomer Feding aanpassen
varwarming inschakelen
Hte koud — kleding aanpassen
. . winter B
| warm eten/drinken
warme douche
radam openean

| hygiene -reiniging |

-xmmfnrt

| tapwatergebruik :—/

U neutraal |—

-I— afzuiging inschakelen
koken —

ventilator inschakelen

| deuchen —

\[ verselfrisse lucht |—

_ (klep-jraam openan

- + group interactions

H zomer | roaster openen

— rooster openen
 winter —



The technical approach

Thermostatic setpoint

Probability of window open

=
=

=
o

=
b

=
[

Heating

—* =L
—S—Europe
- & '‘Pakistan

Percentage of AC use

== 1) Measurements in Danish dwellings
=) Andersen et al.

3) Rijal et al. Longitudinal
—+—4) Rijal et al. Transverse

== 5] Haldi and Robinson
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Occupant behaviour and energy

Personal
physiological
comfort

Building physical

characteristics
and provisions

clothing'cover
age
gender

Personal’
biclogical context

health situation

perception of physical environment
group interaction
family conted al context

A placellocation ]—

Occupant behaviour,

environment and
energy use

activity
fiood and beverages
position
expectations/neads b-
income — occupant
emvironmental AWareness v
- Mental statel
uncertsinty psychological
habit
lifestyle

availability
accessibility
provisions manual control

e=ase of operation
automatic control

temperature

hurmidity

air velocity
Physical environment L=l

light

color

point of time

" . b ]
~ time [~ duration

time of the day

Psychological
status and
group interactions

Time usage
research and data




Occupancy model q—l

What type of calculation model is appropriate?

. m Stochastic model, e.g. Markov-Chain Monte

Carlo

m Deterministic model, e.g. occupancy profile

m  Semi probabllistic/deterministic model



Occupancy

What data is available?

- = Time-use survey from “The Netherlands

Institute for Social Research”

m Database with 2000 respondents

| m Time-interval: 15 minutes, duration: 1 week

= Activities of people have been translated in
absence or presence (time and location)



Time-use survey
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Modelling occupancy Ci j
and building

Sub-selection from the Time-use data used In
building model:

= Two retired persons
. = Two working persons
- | = Family: 2 parents and 2 children

.....

Building model:

= Reference single-family dwelling

= TRNSYS simulation

= Heating in specific room on during occupancy



Markov-Chain Ci |
Monte Carlo (MCMCQC)

Outline of MCMC procedure for occupancy

modelling
Be * Define 6 states: bedroom, bathroom, kitchen,
Bk iving room, other, not at home
= Derive transition probabilities from one state to

BE-BE  BE-BA  BE-KI  BE-LR  BE-OT BE-NH

the Other for eaCh tlme Step 9 BA-BE BABA BAKI BAIR BAOT  BANH

KI-BE KI-BA  KI-KI KI-LR KI-OT KI-NH
LR-BE  LR-BA  LR-KI LR-LIR  LR-OT LR-NH

= Derive cumulative probabilities |rs os ow s oror omm

NH-BE NH-BA NH-KI NH-LR NH-OT  NH-NH

m  Generate random numbers and use cumulative
transition probabilities to find new state




Transmon probabillity |:i_|

= Example transition probability: bedroom = bedroom

105 Transition Probability BE-> BE
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MCMC

Schematic view of MCMC procedure

F DATA OCCUPANCY TRANSITION MATRIX
-Kind of Apartment: single-family dwelling BE-BE  BE-BA BEKl  BELR  BEOT  BENH

-#tot. Persons: 102
# tot. Active Persons” 61 ) BABE BABA BAK BAR BAOT  BANA
KI-BE Kl-BA KI-KI KI-LR KI-OT KI-NH

-Places. bed/ bath/ Kitch/ living/ other/ nh
LR-BE  LR-BA  LR-KI LR-LR LR-OT LR-NH

-Places Code: BE/ BA/ KI/ LR/ OT/NH
-Time schedule: the firstweek of January OTBE OT.BA OT-KI OTR OT-OT OT-NH
NH-BE NH-BA NH-KI NH-LR NH-OT  NH-NH

Time(08.00 A M.

ABSOLUTE TRANSITION PROBABILITY BE->

3

0 N OCCUPANCY TRANSITION MATRIX (BE)

-]

: w0 2 ¢ 1 0
TRANSITION

- TRANSITION 0033 0066 0016 000

“ 0557 0gss 0318 NNOREANNOONION

4] T T _— T - T S T 1 /

BE-BE Bi-E4 BEC BEV BE-OT BE-N= -
CUMULATIVE TRANSITION PROBABILITY BE->X RANDOM NUMBER 0<r<1

r< 0,557 Be-Be

0557| <r< |0885 Be-Ba
N —33% Be-Ki

| 66% Be-Li

| 1,6% Be-Ot

0% Be-Nh
BE-BE SE-84 BE-X) EE-. BE-QT BE-N= n




MCMC results Gy

Energy distribution, 2 working
Complete year generated stochastically

Space heating on demand, 1 year,

02 n=35940 timesteps;: (0.25hr), 1?0 runs

0.05 -

6.95 7 7.05 7.1 7.15 7.2 7.25
GJ

1. Yearly heating (GJ): 7.0-7.2 GJ



MCMC q_l

Calculated variation in energy use Is very small

Why? Is this related to the MCMC procedure?
- Yes

/\

- Extreme values are unlikely to occur



MCMC q_l

= Extreme occupancy patterns (almost always
absent/present) are not likely to be generated
by MCMC for a whole year

Solution?

® - generate occupancy for one week only and
use this 52x for a whole year?



MCMC results Gy

One week generated stochastically, used 52X

2 WO r kl n Space heating on demand, 1 jaar, twee werkenden,
g 0.3 1 week stochastisch gegenerserd, 100 runs
. I ] I T T

015

0.05 -

6.4 6.6 6.8 7 7.2 7.4 7.6

1. Yearly heating: 7.0-7.2 GJ
2. Yearly heating: 6.5-7.4 GJ



No MCMC? l:i_l

= The calculated variation in energy use has increased
but is still not large

= Solution: > No MCMC?

Transition probabillities in the Markov-Chain are based on
occupancy patterns of 100-150 different people. -
variation in occupancy will be averaged out in MCMC

Monte Carlo run for deterministic profiles?

= Randomly combine deterministic occupancy profiles.
= Do this several times

= Analyze variation in energy use



Approach

Selection
criteria
-Household
-Age
-Health
-Life style
-etc

size

[ Microsoft Excel - Kopie van Kopie van 1_p_henk.

s =1olx|
] Bestand Bewerken Beeld Imvoegen Opmask Extra Dgba  Wenster Help Typeenvraagwoarhup  + _ @ X
DEHSSRIVE & D9 @l e -8 F: i -1 5w € %S co-A-B
CN51 - £ sl
A | B ¢ [ o [ € F | & H | & ] T m | u o] I R | =
| 1 1D RP(SLEUTEL)  thonr 100027 100033 100063 100123 100232 100420 100473 100463 100988 100508 100637 100659 100690 100715 100718 100721 1H
| 2 Leeftjarp Jaar =] 83 &7 7 55 68 71 ) i) 82 7 ) 76 75 81 J
| seslachtRP mv A4 v v 2 A4 v v 2 A4 W v 2 . m v
| 4 Pizats huishoude hk/ohk/kfo kK hk k hi hk hk k hi hk hk k hi hk hk k hi hk
[20]
{21 suo0 sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
[ 22 supnis sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
| 23 suona0 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
[ 22 suonas sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
| 25 |su01 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
| 26 |sup11s sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|27 sunLi sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
28 sun1as sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
| 23 |5u02 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|50 supz1s sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
[ 81 sunzz0 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
|32 |sun24s sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
35 su03 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|34 supsis sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
| 55 |sunsa0 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
| 58 |sunsas sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|57 |su0e sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
|38 sun41s sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
[ 32 suna30 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|40 supsas sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
a1 5u05 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|42 |supsis sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|45 suoss0 sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
|42 |supsas sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
| 45 |su06 sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|45 suosis sl sl sl fl sl sl sl fl sl sl sl fl sl sl sl fl sl
[ 47 |sune.30 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl sl sl 31 sl
[ 48 sunsas sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl sl
|29 su07 sl sl sl sl pe sl sl fl sl sl sl fl sl sl sl fl sl
[ 50 sun7.15 sl sl sl £l pe sl sl 31 sl sl sl 31 sl sl sl 31 sl
| 51 |su07.30 sl sl sl sl pe sl sl pc pe ook sl sl wok sl sl sl sl
[52 suo7as sl sl pe hhd  pc sl sl pc eat wak sl fl ook sl sl fl sl
| 53 su08 hh-o  pe pe ook ook pc sl eat eat si-s sl at ook pe sl pe pe
54 |supsis hh-o ok hhd  cook  eat pe sl eat eat pe sl eat hh-k  pc sl pc eat
|55 suosz0 hh-o ook eat hhd eat pe sl v pe hh-d ea eat hh-k  ho sl eat eat
| 56 |sunsas hh-o ok eat Wk hnkpe sl v nh hh-kear at pe ok sl at eat
57 |5u09 kh-o  hhd bk bk nh nh ok TV nh read eat pc pe ok pe read it
[ suna1s hp- . hhehe bbb nh hhed T . read ar ne nh hhed nr read kRt
1« 4 » w|\Data Fopievan i p henk / Data presence / trans BE X f trans B £ trans KL% £ trans 12 J trans_ | 4] r LIJJ

Input dataset
for deterministic
calculations



Monte Carlo run for profiles H

Deterministic profiles have been sampled
re peated Iy Space heating on demand, 1 jaar, twee werkenden,

0.2 n=672 timesteps (0.25hr), 115 runs
2 working

015

=S

0.05

1. Yearly heating: 7.0-7.2 GJ
2. Yearly heating: 6.5-7.4 GJ
3. Yearly heating: 5.7-7.6 GJ




Monte Carlo run ci !
for profiles

= The calculated variation in energy use has
Increased

m These values make more sense

= Apply this procedure also to “2 retired persons”
and “families”



Monte Carlo run "
for profiles

Deterministic profiles have been sampled
I'e peated Iy Space heating on demand, 1 jaar, twee ouderen,

2 aged |
people

0.15 -

=

0.05




Monte Carlo run for profiles O

Deterministic profiles have been sampled
repeatedly

1 Space heating on demand, 1 jaar, vier persoons huishouden,
Families (4p.) e o e e oo hshoue

L= 1

0.05 -




Results

Variation in heating energy

Gy

dwelling occupancy Yearly heating (GJ)
Single-family 2 working 5.8-7.7
Single-family 2 retired 7.4 —-8.2
Single-family 4p. family 9.0-9.5




MCMC

Schematic view of MCMC procedure

F DATA OCCUPANCY TRANSITION MATRIX
-Kind of Apartment: single-family dwelling BE-BE  BE-BA BEKl  BELR  BEOT  BENH

-#tot. Persons: 102
# tot. Active Persons” 61 ) BABE BABA BAK BAR BAOT  BANA
KI-BE Kl-BA KI-KI KI-LR KI-OT KI-NH

-Places. bed/ bath/ Kitch/ living/ other/ nh
LR-BE  LR-BA  LR-KI LR-LR LR-OT LR-NH

-Places Code: BE/ BA/ KI/ LR/ OT/NH
-Time schedule: the firstweek of January OTBE OT.BA OT-KI OTR OT-OT OT-NH
NH-BE NH-BA NH-KI NH-LR NH-OT  NH-NH

Time(08.00 A M.

ABSOLUTE TRANSITION PROBABILITY BE->

3

0 N OCCUPANCY TRANSITION MATRIX (BE)

-]

: w0 2 ¢ 1 0
TRANSITION

- TRANSITION 0033 0066 0016 000

“ 0557 0gss 0318 NNOREANNOONION

4] T T _— T - T S T 1 /

BE-BE Bi-E4 BEC BEV BE-OT BE-N= -
CUMULATIVE TRANSITION PROBABILITY BE->X RANDOM NUMBER 0<r<1

r< 0,557 Be-Be

0557| <r< |0885 Be-Ba
N —33% Be-Ki

| 66% Be-Li

| 1,6% Be-Ot

0% Be-Nh
BE-BE SE-84 BE-X) EE-. BE-QT BE-N= n




Next steps

m Coupling occupancy/building model with
physiological model and psychological model

foodandbpverage | || avallabilty
| O Y L accessibility
& Buildingfinstallation | |~
% 2 G ( properties I ) manual control
TR comfort ' : ease of operation [~
- T e — | automatic control
o health | expectations/ineeds —h
' safey | e o S temperature
safoty ) A Place/location | humidity
financial concern ’ ; P
| cognitivelawareness air velocity
environmental concern T . :
S Psychological context - ey L 0ISe:
- Physical environment |
light

habit Energy-related -9~|—

o . colour

ifestyle occupant behaviour R

perception of physicgl environment T
group interaction

—i Biological context

hoysehold composition — Social context |

(1 Time of day |
9i Time H Duration |

\ ' Frequency




Coupling with l:i_l

physiological model

input = physiological model:
*Air temperature room

1 *Duration of presence in room
Q
| -
= @
O tul
— -
2 8
£ 2 o
E 3
= [,
- +—
n ©
Q
=
Time $
)
Skin temperature
E.g. 3 curves: Input = building model:
Man, woman, child *Desired room temperature



Cone of uncertainty

Accuracy

- L
Initial
4x |~ concept

Requirements
complete

2x
Interface
design
complete

1.5%

Detailed
design

complete Prototypes

complete

Tx}

2/3x

1/2x

1/4x

Cone of uncertainty

Time
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Prediction of the total energy use

Prediction of real total
energy and distribution

kiezen

& & L8
."os‘\ °d :5*’0 ."é& 3

=1

Building and installation
characteristics

il

Geznssamensteling

Ui

na 5 jaar €:1:977)= € 1.536,~
Kamertemperatuur na 10 jaar £3.276,- € 3.593,-
mm’

e

Waterverbruk
\\\\\\\\\

Occupant profile and
behaviour
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From prototype to reality






