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Basic concepts %

Physics of heat
Heat and temperature ('C or K)
Specific heat (J/kg.K) & latent heat (kJ/kg)
Heat flow rate, Q (J/s or W)

Heat flux density (W/m?) i i H i l
Heat flow

WEAT TEMPERATURE
Density (kg/m?), conductivity (W/m.K)

Heat loss: the U-value [Q = U A AT]

Convection coefficient 4, reflectance/emittance




A candle transferring heat into its environment by radiation, convection,
evaporation and conduction

exhaust air
Radiation

\"‘- System boundary

fresh air

£ "' \tl'\ Liquid wax
| Conduction Solid wax

(Source: Shukuya M., 2019. Bio-Climatology for the Built Environment, Chapman and Hall/CRC, Milton.)




Basic concepts %

Thermal environment refers to the things that
can affect heat transfer at that point

Mechanisms of heat transfer:

. Sun Vg | sk
Conduction e
. indoor
Convection \\
Radiation e ation ection
condu
Phase change s, Convestian O P

long-wave radiation

P

long-wave radiation to sourrounding surfaces

(Source: )




Four forms of h
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CONDUCTION |
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From molecule to molecule

hot —————3 cold
heat soruce
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(. RADIATION

Energy passing from one object
to another without a
connecting medium

(Source: Food and Agriculture Organization of the United Nations,
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SENSIBLE HEAT ___j

Chemical energy due to
water phase changes
(evaporation, condensation, etc.)
and water vapour transfer

water molecules
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Basic concepts %
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Heat transfer mechanism — «25e. ¢ cogine
Conduction \ S f
Convection ‘u”l e t;ﬂm \VAVA
Radiation " Twae

Thermal properties of building materials
Overall thermal transmittance (U-value)
Thermal conductivity

Thermal capacity (specific heat)
O =UA (Af)




Typical properties of selected materials

Material Densi Thermal Specific heat
(kg/m°) conductivity capacity
(W/m K) (J/kg K)
Bricks 1700 0.73° 800
Concrete, dense 2000 1.13 1000
Glass fibre quilt 25 0.035 1000
Asphalt 1700 0.50 1000
Aluminium 2700 214 920
Water (20 °C) 1000 0.60 4187
Sand (dry) 1500 0.30 800
Steel 7800 45 480
Wood 500-700" 0.12-0.23° 1200-3400°

* Mean of internal and external brick types. Consult manufacturers’ data for precise values.
® Values vary depending on wood type, temperature and water content.

A3 Video: Thermal Properties of Building Materials (5:52)

(Source: Thomas R., 2006. Environmental Design: An introduction for architects and engineers, Third edition, Taylor & Francis.)




Basic concepts %

Emittance (or emissive power)

It 1s the total amount of thermal energy emitted per unit
area per unit time for all possible wavelengths

Emissivity of a body at a given temperature

It 1s the ratio of the total emissive power of a body to the
total emissive power of a perfectly black body at that
temperature

Solar absorptance

It 1s the proportion of the total incident solar radiation that
1s absorbed by the material (the remainder 1s reflected)




Emittance versus solar absorptance of some building materials

erfect black
1.0 % | | e ®
selective surface coating L
& black paint
0.8+ +
red brick ®
Q
¥
5 0.6 + light-coloured ®  +
ol copper-coloured concrete
o paint ® @
a corroded aluminium
o 0.4+ 1
S
O
L4 polished iron
& matte white paint
0.2 ® s : P w—
used aluminium film
o
polished aluminium
0.0 i | | |
0.0 0.2 04 0.6 0.8 1.0

Emittance
(Source: Shukuya M., 2019. Bio-Climatology for the Built Environment, Chapman and Hall/CRC, Milton.)




Basic concepts %

Thermal transmission in buildings
External walls, windows, roof, doors and floors
Insulation (thermal) to reduce the heat transfer

Ventilation (infiltration & exfiltration)

Thermal properties of building materials & = °§
construction components N |

Determining U values for real building elements




Thermal load, heat gains/losses & heat storage

Thermal Heat Gains/Losses
Load

Conduction (roof, walls, glazing)

L.oad —=f= Conduction (ground)

(heat supplied Space Air exchange, sens. + latent
or removed to be Solar radiation
h}f HVAC conditioned People, sens. + latent
equipment)

Equipment, sens. + latent
Lights

Heat capacity, sens. + latent

Heat storage

(Source: ASHRAE Handbook Fundamentals 2005)




Basic con

Calculating |

Heat gain t

cepts

neat gains (or losses)

hrough external walls

Heat gain t

Solar heat gain through window glass —>—— Ll

Conduction heat through window glass

arough roof

Internal heat gains

Ventilation
Latent heat

and/or infiltration heat gains

gains (moisture transfer/generation)




Basic concepts %

Heat transfer basic relationships (for air at sea
level) (SI units)

Sensible heat transfer rate:
Gsensivle — 1-23 (Flow rate, L/s) (Ar)

Latent heat transfer rate:
Qratent — 3010 (Flow rate, L/s) (Aw)

Total heat transfer rate:
Grotal = 1.2 (Flow rate, L/s) (Ah) l

o0
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Qtotal — QSensible T qlatent
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Components of building cooling load

Sources of Cooling Load

solar L
radiation
External
loads

conductive ]

heat gains
"'"l-l-l-l"'ﬁ"h.‘
S
S|

infiltration
hot

air

(3 oeereanng {1 z
I )

. occupant
equipment

+ Ventilation load & system heat gains




Heat losses for heating load calculation

EXFILTEATION

(Source:
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FLOOR

EXFILTEATION

ROOF

D & INFILTRATION
ﬁ WINDOWS
INFILTRATION

EXFILTEATION

HEATLOSS FEOM A HOUSE




Basic concepts @

Aspects that can affect the heat transfer:

Air temperature

Radiant temperature (long wave infrared radiation
(surface temperatures) & short wave infrared
radiation (solar radiation))

Air velocity
Humidity
The presence of surface water

The temperature of contacting objects




Basic concepts @

The experience people have of the thermal
environment that surrounds them will be

1,
affected by personal factors such as: Jﬁ“

. a
ClOthlng 8 PHYSIOLoel(#L
Metabolic heat . soto,
Wellbeing & sickness £ m

Personal experience of thermal comfort

Thermal satisfaction 1s experienced via a number of
conscious & unconscious interactions among
physiological, physical & psychological factors

3.

A M




Thermal behaviour of buildingsﬁ'

Thermal behaviour of buildings

Heat mputs and outputs:
Q1 — internal heat gain

Qc — conduction heat gain or loss

Qs — solar heat gain

Qv — ventilation heat gain or loss

Qe — evaporative heat loss
Thermal balance: Q1+ Qc + Qs + Qv + Qe = AS

If the sum AS > 0, temp. inside the building 1s increasing,
or 1f 1t 1s less than zero, the building 1s cooling down




From solar
radiation

From warmer air

From warmer
Objects

From Radiant heat

From contact with
warmer objects

(Source:

Heat transmission in buildings

Heat gain Heat Loss

!

Temperature

Humidity

Radiant
Heat

i

Air flow

To Cooled air

To Cooled air by,
Evaporation

By contact with
cooler objects




Heat transfer at human body

Evaporation

(Source:

a ~ Sweat
il ;
% Exhalation
.f” Insensible
e ¥ Perspiration
iy ' >
Radiation I.’ > Convection
I
= *h
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, = Radiation
‘ -
|
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Conduction




Outdoor space

Main energy/heat fluxes affecting the building energy balance

A

"y

Adjacent space

(Source:

-

hermal zone
‘//@;H’b\_

Adjacent space

Solar heat gain / flux

Ventilation losses

Heat transfer towards outdoor space
(stored heat not shown)

Heat transfer towards adjacent spaces
(stored heat not shown)

—#  Convective heat gain / flux

/NN Radiative heat gain / flux




winter (cold) period summer (warm) period
Z N\ Z N\
(a) —Q/D

(b)
N\
(c)
/ N\ / i ¥
(d) p— S—"
E
1 , \

Building
energy balance

) E ) chemical energy

[:] furnace
compression
heat pump
absorption
heat pump

heat engine

(Source: Pinteri¢ M., 2021. Building Physics: From physical principles to international standards, Second Edition, Springer, Cham, Switzerland.)




Thermal behaviour of buildingsﬁ'

Steady state heat flow
Air temperature: ventilation & building envelope

Solar radiation: opaque elements & windows

Dynamic response of buildings
Magnitude of heat flow & its timing

Aftfected by thermal capacity (e.g. massive
construction)

Periodic heat flow & time lag

Thermal response simulation (software programs)




Summary of steady state heat flow expressions

Air temperature Solar radiation
Ventilation All elements Opaque elements Windows
Qv =qv X AT Qs, = qc X dTe

Qc =qc X AT
qv = 1200 X vr _ gc = X2(AXU) _
_033xVxN| | 9 =2AxXU) dTe = G X a X Rso Usy = AX G X0

AT=T,- T,
AT =T,— T, " ' roof: (G X a — E) X Rso
[
Q= (qc + qv) X AT + Qso + Qsw
by <y e S,
ouT |/ — N o 078\
—1 p=007 V7 /|C ] )
= | a=015 007/ |
< C: ‘J‘ O r=0.78 ‘/’ %
L= a
C CZT}—?
Vo -t - - - \\G -
R B A R2 m R OUT:%% 0.1 0.05 IN:0.78
. . 0.05

(Source: Szokolay S. V., 2008. Introduction to Architectural Science: the Basis of Sustainable Design, Second edition.)




Heat flow through a real wall, compared with a wall of zero mass

Time lag, ¢ hours

| | |
Instantaneous heat flow

with zero thermal capacity

I

i

Actual
heat flow

l

\\ // SQo \ k) /

g Mean heat flow / \\ \
g \ . W
= \ /
4]
Q
o \ / _“/ \~ -

— ™ ~

T~ . e
e
0 2 4 6 8 10 12 14 16 18 20 22 24
Hours

(Source: Szokolay S. V., 2008. Introduction to Architectural Science: the Basis of Sustainable Design, Second edition.)




Thermal behaviour of buildings’ﬁ

Thermal mass

A material’s capacity to absorb, store and release
heat, measured by thermal admittance [W/(m?.K)]

Specific heat capacity, density, thermal conductivity

To assess heat flows into & out of thermal storage

aBoc| N I TTmmmm————T—
‘Damping
Ratio’

Internal temp

'‘Comfort zone’

External temp

15°C

Day Might Day
(See also: Module 48: Simple thermal analysis for buildings )




How thermal mass works

Summer
cooling

Winter
heating

Y

daytime absorption

evening heating

(Source: )




Thermal behaviour of buildingsﬁ'

Within the built environment, the thermal
environment can be influenced by:

1. Passive building design (e.g. shading, windows,
insulation, thermal mass, natural ventilation and so

on)

2. Active building systems (e.g. heating, cooling
and air conditioning)

3. Personal behaviour (e.g. removing clothing,
reducing activity and so on)




Site considerations

e LOcation and weather
e Microclimate
o Site layout

Design strategies . Orientation

for energy
efﬁqlel}cy in Built form
buildings « Shape
e Thermal response
e INsulation

« Windows/glazing

Ventilation Daylighting
strategy strategy

Services strategy

e Plant and controls
e Fuels
e Metering

(Source: Energy Efficiency in Buildings: CIBSE Guide F)




(Source:
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Passive building design

Passive design uses layout, fabric and form to
reduce or remove mechanical cooling, heating,

ventilation & lighting demand
Passive cooling/heating + natural ventilation
Examples: optimising spatial planning &
orientation to control solar gains & maximise
daylighting, manipulating the building form &
fabric to facilitate natural ventilation strategies and

making effective use of thermal mass to help

reduce peak internal temperatures
)




(Source:

Passive building design measures and their objective

— Heat protection

Passive / | Heat gain
Building design from the sun

— Heat rejection

Insulation —_

Insulated windows ——

Infiltration

Solar control N

Direct solar gains

Solar buffer spaces ——

Indirect heat gain ~ ——

Ventilation  —

Evaporative /

adiabatic cooling E—

Ground cooling

Hydrogeothermal /
deep lake/ocean cooling

Radiative cooling

Organic
Mineral
Oil-derived
Other

Insulated panes
Insulated frames

Permanent shading features
(e.g. cantilever)

Fixed shading devices
Movable/adaptive shading devices
Solar control glazing

Winter-garden
Double facade

Trombe wall

Attached Sunspace

Comfort ventilation
Nocturnal ventilation

Direct
Indirect




Passive heat dissipation strategies according to the heat sinks

AIR AS HEAT SINK SKY AS HEAT SINK

EARTH AS HEAT SINK WATER AS HEAT SINK

(Source:




Bioclimatic design strategies for buildings in hot climate: to minimise
heat gains into the building and promote heat loss

EARTH ATMOSPHERE SUN
o
ec)c) JPP TS S RAEE SRS TR S st SRS RS S e Sk ST gie s Slow Soma s s ase £ LS Soew  guss it Sed AL St oy ey
§ / HEAT TRANSFER MECHANISMS

EVAPOTRANSP
IRATION

CONDUCTION CONVECTION RADIATION

RESIST GAINS v ¢4 ¢

v v v Y v Y yov 4o
PROMOTE LOSS

(Source: )
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Passive/Bioclimatic building design strategies for hot climates

Strategy Hot & dry | Hot & humid

Compact geometry

Exterior shading

Daylighting

Window low solar heat gain coefficient

Cross/stack ventilation (if naturally ventilated)

Building permeability (if naturally ventilated)

Roof insulation

Wall insulation (exterior)

High thermal mass

Low thermal mass

2 M|l M|l =]|<
M2 | MR | M| 22|22 |<2]|=2]|X

Evaporative cooling

Passive
4 Envelope I cooling
‘ Building design
ISite selection form
and orientation

(Source: )
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Passive building design

Passive design considerations:

Location, landscape, orientation

Massing, shading O
Material selection
O _]
N =

Thermal mass, insulation

Internal layout

The positioning of openings to allow the
penetration of solar radiation, visible light and for
ventilation




Different aspects of passive design approaches

?

B0 )

//////ck
3
~
-_

Mitigating heat island effect or
elevated temperature

v v

Daylighting

......

Reducing heat gain through
building envelopes

Oll®elllll]i-5=6

Natural ventilation

(Source:

Passive cooling

Air ventilation around buildings
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Passive building design

Passive cooling
A building design approach that focuses on Zeat

gain control and heat dissipation 1n a building in
order to improve the indoor thermal comfort with

low or nil energy consumption

This approach works either by preventing heat
from entering the interior (heat gain prevention) or
by removing heat from the building (natural
cooling)




Metal absorher with
black selective coating

Thermal chimney

(See also:

Examples of passive cooling designs

{T) Rotating Turhine

Insulation

Damper

/ ) Replacement air d raewn
- from cool side of house

Air exhausted through high
windows in stairwell

e e

Open windows

and )

Open Stairwell

Natural ventilation
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Passive building design @

Passive cooling (cont’d)

Natural cooling utilizes on-site energy, available
from the natural environment, combined with the
architectural design of building components (e.g.
building envelope), rather than mechanical
systems to dissipate heat

It depends not only on the architectural design but how
it uses the local site natural resources as heat sinks (i.e.
everything that absorbs or dissipates heat). Examples of
on-site heat sinks are the upper atmosphere (night sky),
the outdoor air (wind), and the earth/soil




Passive house design to achieve low energy requirements

for the building energy balance

Solar thermal coll. - Super
(optional) ~So . Insulation
£ 2y
" supply [p ! <
triple airppy extract
pane air
double e
low-e 7 ’: 4
a7 i q ..
92NN supply extract
ar air
ANAAAAAAANAANANAANAAAA é

Ventilation system with
heat recovery

ground heat exchanger
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Passive building design

Passive cooling (cont’d)
Preventative techniques SO Sommer
YR i

Microclimate and site design f’"}_% .
Solar control '-“-"-'r%“\
Building form and layout A R

Thermal insulation S —r .y

Behavioral and occupancy patterns

Internal gain control

Modulation and heat dissipation techniques

Thermal mass + Natural cooling




Passive building design

Passive cooling (cont’d)
Ventilation C

Cross ventilation
Stack ventilation

Night flush ventilation
Radiative cooling (direct/indirect)
Evaporative cooling

Earth coupling (direct/indirect)

(See also: )




Daylighting design and control

¢ ¥y
'\t s
. /
'
Light well Roof monitor

ol X0
Light duct lamps off one lamp on poth lamps on
total illumination
l__,"'f ——
.. = - electric light conTri;J.t.i;'r?"

daylight contribution

Clerestory Reflective blinds




Solar control "

First determine when solar radiation would be
a welcome 1nput (solar heating for the
underheated period) or when 1t should be
excluded (the overheated period)

—a

Shading design ¥E[ZESS

1. Vertical devices (e.g. vertical louvres or fins)
2. Horizontal devices (e.g. projecting eaves)
3. Egg-crate devices




Example: Effects of external shading on energy consumption

8100
1 —*— FN =side fins
1t OV=owerhangs
BDDD_: —n— EG= egg-crate
7900+
é FN
e
. 7800- 'w'““'—'—*-—-—ﬁ-a_._.
[
3 7700-
I
7600 -
- EG
thM._—_."‘“ﬂl——l-____
500 - e,
L T T T T T T T

00 05 10 15 20 25 3.0
Projection Ratio




Recessed
window

Bahama
shutter

(Source:

Examples of window shading methods

Horizontal Vertical
fixed shade movable
shade

s

‘-"qr‘

R
B \
| . : M |
: SRS
Vals| 4
il &
N
[ -
E S : »
LR
Trellis Perforated
horizontal on window
overhang Shrubs and

tree shade




Spectral transmittance of different glass types

OV Visible | IR
09| ~ : Low iron glass
|
o-sf(f® i Clear glass
| ey “‘ Lot~ P ity T iy
0-7 i Z o\ i - Selective coating
7 o {-......I "o

S o6l | o7 \% T —l Grey body tinted gl
a 'f' s‘g : ':;;M .................... f; ?.y....(?. y uinted giass
£ 05 ;," s i ...........................
vy *e 0
= R 4 | Green body tinted glass /—/m
© o-afffly T dh ) Sl y 9
= | g

0'3 ’? \

il I
0-2F) |0
b I
0-14; i i \s\
ol i T —— Selective coating
_ o 1 ] ] ] | ] ] ] B el LT T T T T T T T T T T T | NN Dpuapuagey (e Rapuagng Rpp—— -
0-3 0-5 0-7 0-9 1-1 1-3 1-5 1-7 1-9 2-1 2-3
Wavelength um

(Source: SLL, 2014. Daylighting: A Guide for Designers, Lighting Guide 10, The Society of Light and Lighting (SLL), London.)




Design parameters for solar-control systems
slat width

( ratio W/D between slat
venetian blinds 3 width W and slat distance D
e \ optional subdivision of the shape
g 9 curtain surface properties
vertical louvre blinds \ slat design of top side

surface properties

pleated blinds of bottom side

direct-direct transmittance

roller shutters

(holes) optional perforation
sun sails
technology
e brndiiitiead aines reflectance of the outer
/design parameters : surface
. for solar control | overnanes reflectance of the inner
" \ systems ,. roller blinds surface
S solar control glass optional subdivision in
transparent or opaque BIPV vertical sections
transparent or opaque BlST f|Xing S\/Stem, espeCia”v at
the sides of the curtain

external
k position / integrated, between glass panes

\ internal

manual control
& control o

with central up-down commands
fully automated control

(Source: )




Solar control "

Glare/Thermal control strategies:
Automated exterior shading
Fixed exterior architectural shading
Exterior fabric awnings
High performance glazing
Operable windows
Automated interior shading / double skin systems

Manual interior shading




Different shading solutions & their effects

Interior shading, Venetian blind Exterior shading, roller shutter

Interior shading, pleated Blind Exterior shading, awning blind

(Source:




Section views

Overhang

Louvered Overhang

Plan views

Fins

(Source:

Horizontal & vertical shading devices

Double Overhang

Qutriggers

Whole building form

Multiple Louvers

Movable Awnings

-'l.

[
-

..
-

Movable Devices

Adding an overhang may = —0+—
significantly reduce amount
of light at window wall

Owverhang

[

Angled Fins

Mo overhang

7
4
7’




Light shelves for horizontal shading & redirecting

N outside | Inside

Spectacular white e
surface \ o \ V
Matte white surface

Light shelf (to reflect direct
sunlight from ceiling)

Matte surface
Viewly \ »

summer sun
Temperate Climate Cold Climate Hot Climate

winter sun

+ <«———— Projecting light shelf +

L Gla;ing shaded < Glazing flush with
| during overheated facade (to admit

season max solar energy)

(Source: )

Interior light shelf /

Blinds (to control
solar penetration)

Exterior light shelf




Projecting light shelves provide additional shading for the lower window;
sloping the shelves to distribute light

Protecting Light
Shelf(To reflect high
angle sun)

L

L

Movable Light Shelf
V4 (specular surface reflects
sunlight from eye level)

oy

Shelf at vertical position (to
shade from low angle sun)

|/£

(Source: )

\L

1

Light Shelf (Sloped
downward to provide
shading, doesn't reflect
light into building)

Light Shelf (Sloped upward
to direct light into building,
doesn't shade efficiently)




Level light shelf with an inward sloping wedge pushing high angle

sunlight more deeply into space

‘p Sloped mirrored light

self (to reflect high
angle sun deep into
building)

Interior light shelf
(in shade at high sun
angles)

(Source:

—

et | ]

AN

[ )

— P
+

Chamfered ceiling (to
minimize contrast with
bright glazing)

Floating Light Shelf (gap
between shelf and

glazing)

Upper Window

Projecting light shelf (block
sunlight and shade
window underneath)

Lower window (may allow
sunlight penetration below
eye level)




Sunlighting strategies (should be integrated with architecture to use the

Slope ceiling at rear (to

should enhance views and
architecture

(Source: )

sunlight indirectly)
Direct light Do not admit more /
from sun " light than required /
dominates 'n\ /
\ Locate window as low |
— as possible without / L
| causing glare / [ I
\ /
Sun lighting devices T

increase reflected light)

Redirect light to where it is
needed

Shape interior surfaces to
help distribute light and
minimize shadows Use
high reflectance surfaces

——— maximize ceiling height

Shade to prevent plare




Sidelit building with sloped ceiling at perimeter

\

(Source: Advanced Lighting Guidelines 2003)




Lighting level contours for punched windows & continuous strip
windows

Punched Windows Continuous Strip Windows

(Source: Advanced Lighting Guidelines 2003)




Cut-off angles for light shelf & louvre system

Cutoff angle
eliminates all
direct sun

____interior shading
device for view
glazing

(Source: Advanced Lighting Guidelines 2003)

Same cutoff
angle

no ext. shading:
use selective low-e &
possible tint on

view glass




Scheme of low-e coating placement 1n cold and hot climates

Cold climate: Solar radiation admitted Hot climate: Part of solar radiation reflected

LowE coating placed in the

LowE coating placed in the

interior of the outer pane exterior of the innerpane

(Source:

Long wavelength heat gener-
ated in the room is reflected
back to the interior

Solar radiation
through glazed
surface

Solar radiation
through glazed
surface

Part of solar
radiation (long
wavelenght) is
S reflected




Solar gains for a non-transparent building element (left), a transparent or
single glazed building element (middle) and a double glazed building

clement (right)
qsol qsol
i
~
SN
\ ) Te{sol \\
Peqsol Peqsol Xedsol
\1 Xe1qsol
Yedsol iYso Ye{sol iYso 1
(: L (:Ak L ’l }éeq;ol/& J\ Yiqso}
1]
(Xe q50£} Qe qsofl (Xe) qSOlJ-Il Illan dsol

< Qout T < qout . < qout qmid<%1

(Source: Pinteri¢ M., 2021. Building Physics: From physical principles to international standards, Second Edition, Springer, Cham, Switzerland.)




Dynamic simulation £

Dynamic simulation methods

Usually hour-by-hour, for 8,760 hours (24 x 365)

Thermal & energy calculation sequence:
Space or building load [LOAD]
Secondary equipment load (airside) [SYSTEMS]

Primary equipment energy requirement (e.g. chiller)
[PLANT]

Computer software

Building energy simulation programs, e.g. Energy-10,
DOE-2, TRACE 700, Carrier HAP




[l e

(Source:

Dynamic whole building energy analysis

= Form
b Materials
e DT
Systems
Lise
Climate
@ Utility
xlYear
LSt
I R
T
Dhctremy |Ughting | dwm ot
i w i“'l mundt
T .
r-'_. - ] — [res -...;i
S 'S
Baamiryg Coct
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Wi Elrescity o Tri®) = (Vb Fotd n TasifT]




Building energy simulation process

HVAC air systems  HVAC water systems

Energy storage

_O_ j{ Sources of Cooling Load
s ~ \ 4

| [ — —
zg g electric lighting g g g ¥
f;jcli?z:tion h\ Thermal Zone 2 ; Plant
) computer & m \ occupant Systems (water-
conductive equipment . . .
eatgains ] (air-side) side &
== refrig.)
infiltration 1+ 1 1 K
hoﬁ air A
Energy input Energy input by HVAC Energy input

by appliance  gjrwater systems by HVAC plant




Dynamic simulation £2

Building energy simulation

Analysis of energy performance of building using
computer modelling and simulation techniques

Many issues can be studied, such as:
Thermal performance (e.g. building fabric, glazing)
Comfort & indoor environment
Ventilation & infiltration
Daylighting & overshadowing

Energy consumption/performance of building systems




Building Simulation tool Simulation

description (computer program) outputs
- physical data - energy consumption (MWh)
- design parameters - energy demands (kW)

- environmental conditions




DOE-2
Solar-5 ESP-r
e fr‘..-
1 ENER-WIN® BUiIding Energy ‘ﬂ‘..
Hourly Energy Simulation Prograrm for Buildings Simulation Software TRNSYS
<> <
E-20-1l & HAP HOT2000
A :
== TRANE
= EE4
TRACE 700

ﬁAogLng




COCLING LOAD, KW

COOLING LOAD, KW

1.5

o

o
Lh

1.0

Cooling load profiles determined from simulation

Total cooling load
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Examples of simulation results for evaluating annual building energy use

ANNUAL ENERGY USE
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Examples of simulation results for ranking energy efficiency strategies
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Examples of simulation results for energy & indoor temperature analysis

Sample - Lower-Energy Case
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Further Reading SNZ

Module 29: Determining U values for real building
elements

Passive building design - Design Building Wik

Module 48: Simple thermal analysis for buildings




