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t[°C]

Dynamic system
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DYNAMIC SIMULATION - PRINCIPLES

= Differential equations
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DYNAMIC SIMULATION TOOLS

Library energy system components

* Solar Thermal Processes
* Ground Coupled Heat Transfer
- * Heat Pump Systems
“ * Coupled Multizone Thermal/Airflow Modeling
* Power Plants (Biomass,Cogeneration)
* Hydrogen Fuel Cell Systems

* Wind and Photovoltaic Systems
TRNSYS 1 B * HVAC systems
* Emerging Technology Assessment
BEMS team, ULg * Energy System Research
* Data and Simulation Calibration
Web : http://www.bems.ulg.ac.be * Optimization
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DYNAMIC SIMULATION - APPLICATIONS

Energy
Consumptions

System sizing

Validation |dentification
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CASE STUDY

Glazing : U, =1,8 W/m?K,

Atic )
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SHGC =0.49 frame factor 10 %

Bricks U=0,24 W/m2-K
Sprandel walls U=0,24 W/m2-K
Roof U=0,18 W/m2-K

Bricks — Sprandel walls - Windows
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Comfort requirements

= Fresh air per occupant: 40-50 m3/h
= [nternal temperature: 20a 26 °C
= [nternal relative humidity: 40 a 60 %

Source: www.energieplus-lesite.be
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HEAT GAINS
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HEAT GAINS vs HEAT LOADS

Qz = fad- Ql,m
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CONVECTIVE vs RADIATIVE HEAT GAINS
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LIGHTING AND OCCUPANCY LOADS

Radiative fraction of Heat gains EI
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SOLAR HEAT LOADS - WINDOWS

QS — fad,gl- g- Agl- (I)tmax
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SOLAR HEAT LOADS - WINDOWS

At | C )) Loads Values Evaluation
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t[°C]

SOLAR HEAT LOADS - OPAQUE WALLS
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SOLAR HEAT LOADS - OPAQUE WALLS
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HEAT GAINS

Heat Gains Load Factor Heat Loads
Occupants Radiative ; :
Lighting Q= fad- Qrad,max
Equipment Convective - :
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COOLING SYSTEM SIZING

Hour (summer)
Hour (solar time)

Step 100% radiative CLF
Light & occ radiative loads (W)

Step 100 % convective CLF
Light & occ convective loads (W)

South Solar CLF - July
South Solar heat loads (W)

West Solar CLF - July
West Solar heat loads (W)

South brick wall DTE- July (K)
South brick wall (W)

South spandrel wall DTE- July (K)
South spandrel wall (W)

West brick wall DTE- July (K)
West brick wall (W)

West spandrel wall DTE- July (K)
West spandrel wall (W)

Roof DTE - July (K)
Roof (W)

External dry temperature (°C)
DT dry- July (K)
Windows transmission gains (W)

Infiltration sensible gains (W)

Total heat load (W)
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HEATING SYSTEM SIZING

= Transmission losses:

1400 28
400 W
1200 Qdot heating [* = Ventilation & Infiltration :
1000 - 24 180 W with recovery HX
. 2% 720 W no recovery HX
| 5 = Heating restart
= £
¥ / " 620 W
400 - 18
/ ta i = Total
20| [ 1200 W with recovery HX
o7 1700 W no recovery HX

Atic )
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DYNAMIC SIMULATION - APPLICATIONS

Energy
Consumptions

System sizing

Validation |dentification
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CASE STUDY

Glazing : U, =1,8W/m2-K, SHGC =0.49 frame factor 10 %

| W+E
Atic \)
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IMPROVEMENT STEPS

= Reference:
Suspended ceiling and raised floor, no solar screens
= Envelope :
Accessible thermal mass
Solar shading
= System control improvement:
Daytime free cooling : bypass of the heat recovery exchanger
Night free cooling
Optimized free cooling control
Envelope :
Extra insulation thickness for external walls (+ 5 cm)

k3
for HVAC professionals
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REFERENCE

., Reference .. " Average weather data
o Zommmi B Temperature set points
] v+ Discomfort time [%] : Summer 26°C /30°C
- = Winter 21°C/16°C

0 fes = Occupancy:
8h-18h
: » 7.5 m?/occ
: 40 m3/h.occ fresh air
B 6 W/m2lighting
= 10 W/m? appliances
gt = Heat recovery exchanger

0 100 200 300

Atic )
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ENVELOPE IMPROVEMENTS

Accessible thermal mass 0s Solar screens
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SYSTEM CONTROL IMPROVEMENT

Free cooling

80 - 08
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Fraction of free cooling fan air flow

OPTIMIZATION FREE COOLING SET POINT

30 1

set

10 4

t
4000

=
(=]
i

=]
o
i

=2
=]

=
o

[

1ht25:| 2 24 26 28

set External air temperature *C

5,35
5,30
5,25
5,20
5,15
5,10
5,05

5,00

t T T T T t
6000 8000

Energy Cost vs free cooling temperature set point
(EUR/m?2)

12,00 13,00 14,00 15,00 16,00 17,00 18,00 19,00

26
tset

20,00



EXTRA ENVELOPE INSULATION

Improved Envelope insulation 0s 20 Improvement steps
. - 1 == Heating Demand [kKWh/m2]
- : s 07 70 - s 07
. mes Heating Demand [kWh/m2] 2 F . ++++ Discomfort time [%] 2
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THERMAL COMFORT = NO CHILLER
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THERMAL COMFORT = NO CHILLER

Comfort

40 - — 40
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CONCLUSION

= Dynamic simulation of building:
Sizing of Heating and cooling systems
Prediction of energy consumption
Prediction of thermal comfort

= |mprovements options:
Shading systems
Optimization of control  >>> ROI < 15 years
Envelope insulation >>> ROI > 15 years

for HVAC professionals

15-01-20

30



DYNAMIC SIMULATION - APPLICATIONS

Energy
Consumptions

System sizing

Validation |dentification

for HVAC professio»/ Plaats - Titel presentatie 15-01-20 31



VALIDATION OF SIMULATION TOOLS

IEA EBC Annex 71 Holzkichen Twin Test Houses

View of West

View of South

kitchen
T.44 m2

living
33.65 m?

View of East

View of North
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VALIDATION OF SIMULATION TOOLS

Calculated vs measured solar irradiation on facades
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200|
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O- ] &
0O 200 400 600 800 1000 ) 200 400 600 800 1000

IEA EBC Annex 71 Holzkichen

Calculated irradiation (W/m?)

AtiC ))) Measured irradiation (W/m?2)
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Temperature [°C]

BLIND EXPERIMENT

Temperature set point > Heating Power ? Measured Heating power > temperature ?
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Temperature living zone

VALIDATION OF SIMULATION TOOLS

IEA EBC Annex 71 Holzkichen Twin Test Houses
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s . |IEA EBC Annex 71
Station e | & Holzkichen Twin Test Houses

Vs 7=

Figure 21: External installation of the Twin Houses Vaillant “aroTHERM VWL 55/2 A”
air source heat pump, left in summer, right in winter,



VALIDATION OF SIMULATION TOOLS

IEA EBC Annex 71 Holzkichen Twin Test Houses
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Air temperature (°C)
ERRLEEEMENEE RN

SRATIFICATION EFFECT

= Child1 zone electric radiators : 5 °C on average, 10°C maximum

Holzkirchen Twin Test Houses Experiment 2019/01/01 - 2019/01/10 : House n2, zene child 1

=it

v f N !A\ /\._ A — :;;: E:
ks N e A | A M A LA [ S | AW,

.Lh_“‘ . ey A o .#;.n_ . v e e - I .Pu.__....

AN AL 2N
M S AT W\ ra W s A\ Id e [N
WO WYY Y\

25 26 27 28 29 31 32 33 35



w

o

v
"

o

v
A

o

6 G 8 B 8 e L 8 B 8

e G B8 B 8

n2: Living Air temperatures and Heating Power

e, a'%
o WO s T

=T ol ST R TSR N H
- p. y‘r TSIV e s MR B
5 S g 3

SN e
v ‘1 T
E-

<
4 .
t 1:° :
~ 3 i ~
F E :‘
) 4 o
] bl - - 3 ] % " - - “
+ + + +
z s
M 2
| ;
o
)

= W

< ‘ .
{ '
{ 4
{ L

e

3 3 Ao

e s ad 56 &%
;,.g_%;;;,.’;\f-J L
. q 3 2 R

¥

- - .
e S ~

n2: Living Air temperatures and Heating Power

e -
a 2
e e e — L. - -1
4 34 -
o L3 . o .
13 .
1
2
: z
-~ - L -

.....

.....

tmeas n2
tin_calc
tinc_calc
t out

Solar gains living
Heating Power
Heat Input

tmeas n2
tin_calc
tinc_calc
t out

Solar gains living
Heating Power
Heat Input

tmeas n2
tin_calc
tinc_calc
t out

Solar gains fiving
Heating Power
Heat Input



INTERNAL THERMAL BRIDGES

Saints Pierre et Paul, Neder-Hover-Heembeek, Cam(b)bridge Project supported by innoviris

Ceiling temperatures
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DYNAMIC SIMULATION - APPLICATIONS

Energy
Consumptions
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PARAMETRIC IDENTIFICATION

IEA EBC Annex 71 Loughborough case
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* Use of the monitored radiator temperatures to split the boiler heat output
into the different building zones
* Multi-zone modelling using internal temperatures measured by zone
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PARAMETRIC IDENTIFICATION

Use of monitored radiator temperatures to split boiler heat output into the zones
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Heating Power (W)

Radiators AU’s — 4 days static analysis
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Calc total heat gains [kKWh]

Zones HLC’s — 10 days static analysis
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Meas total heat gains [KWh]
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Living zone — 10 days dynamic analysis
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CONCLUSION

= Validation of dynamic simulation tools:
Assessment of solar heat gains
Modelling of air stratification effect
Presence of internal thermal bridges

= Parametric identification:
Towards Effective Performance Assessment
= Building Envelope Heat Loss Coefficient
= Efficiencies of HVAC systems
Assessment of uncertainties associated to measurements
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