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Energy demands in a building

Figure 5. Space heating demanded the most overall energy use in commercial
buildings in 2012, followed by other uses
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Energy demands in a building
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Energy demands in a building
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Coefficient of Performance

COP:
COPhouting = 2h

eating — 17 C.O.P.
Boiler 0.9
Heat Pump 3
Q(’ Co-generator thermal 0.5
COP. 1;in, = — Co-generator electrical 0.4
T |4 Absorption chiller 0.6
Chiller 7
Cooling Towers 12
Geothermal 20
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1. GEOTHERMAL ENERGY

1. Underground buildings
2. Thermal labyrinths / Canadian wells
3. Geothermal energy harvesting



1.1. Underground buildings

Guyaju

© travels1z.blogspot.com
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1.1. Underground buildings

Matmata

© travels1z.blogspot.com

Energy in buildings 8



1.1. Underground buildings

Petra

© travels1z.blogspot.com
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1.1. Underground buildings
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1.1. Underground buildings

Chand Baori

© Harry Shendy
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1.1. Underground buildings
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1.1. Underground buildings

Villa Vals — Vals
Bjarne Mastenbroek

© Habitat-bulles.com
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1.1. Underground buildings

Mesico Gty today

Astex Ceremonial Complex.

Earthscraper — Mexico City
BNKR Aquitectura

© BNKR Arquitectura
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1.1. Underground buildings

© Wei-Te Wong
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1.1. Underground buildings

e

T -

- =

= B e,

== - ———

o= - =

'Y i - Sl ~
e ' ~
T N S o - e
=

Energy in buildings 17



1.1. Underground buildings

© DPA
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1.1. Underground buildings
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1.1. Underground buildings
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1.1. Underground buildings
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1.1. Underground buildings
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1.1. Underground buildings
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1.1. Underground buildings
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1.1. Underground buildings
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1.1. Underground buildings

Below 10 m, the temperature of the soil is
~constant throughout the year:

Th<—10m =
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Fig. 7. Distribution of monthly underground temperatures.



1.2. Thermal Labyrinths / Canadian Wells

Canadian / Provencgal Well

© SgARQ, Canplast i ildi
gARQ, Canplas Energy in buildings o



1.2. Thermal Labyrinths / Canadian Wells

Stale air extraction |
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© Michel Cayla
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1.2. Thermal Labyrinths / Canadian Wells

Data for the calculation :

Tsoit = 15°C Ppair = 1.2 k:g/m3
Shouse = 100m? Cpair = 29kJ kg . K
Phouse = 3™

Air renewal rate = 4V ol /h

Dpyo=02m

)\pvc = 0.19 W/mK
epyC = 2mm
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1.2. Thermal Labyrinths / Canadian Wells

Ewha Womans University:
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1.2. Thermal Labyrinths / Canadian Wells
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Fig. 4. OA intake channels of the measured TLVS,
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1.2. Thermal Labyrinths / Canadian Wells
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Fig. 5. Air flow diagram that includes the measured TLVS.
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1.2. Thermal Labyrinths / Canadian Wells
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1.2. Thermal Labyrinths / Canadian Wells

(a) Case 1 NO thermal labyrinth
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1.2. Thermal Labyrinths / Canadian Wells

(b) Case 2 WITH thermal labyrinth
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1.3. Geothermal energy harvesting

Geothermal # Geothermal

—_—
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© EPA
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1.3. Geothermal energy harvesting

Deep geothermal systems

Reservoir > SN

Vitaller Open Access Metall. J. 9 331 2019
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1.3. Geothermal energy harvesting

Geothermal # Geothermal

—
o 1nnaam o
S
tower

Injection
well

5

1 plant ~ 50-100 MW 1 installation ~ 10-500 kW

© EPA
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2. Solar thermal collectors

Solar collector

Cold water feed

©G field i ildi
reenfielas Energy in buildings 03



2. Solar thermal collectors

© Solarinstallationpanel

Inlet connection Cover: protecting the absorber plate

and preventing loss of heat

Outlet connection

|

Collector housing: made from
alumnium alloy or galvanized steel
- fixes and protects the absorber plate

Flow tubes
Insulation: to the bottom and sides of Absorber plate: usually biack chrome absorbing
the collector to reduce the loss of heat coating to maximise heat collecting efficiency

Energy in buildings
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1. Different PV types
2. Efficiency
3. Caveats
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3.1. Ditterent PV types

Photovoltaic effect =

|
interface

n-type p-type

> |

Alicki et al. Ann. Phys. 378 71 2017 Energy in buildings 66



3.1. Ditferent PV types

Crystalline Si-based PV

Poly-Crystalline Mono-Crystalline
Solar Cell Solar Cell

© Tindosolar
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3.1. Ditferent PV types

Amorphous Si-based PV




3.1. Ditferent PV types

Organic PV

© Flask © PV Infinity
Energy in buildings 69



Module Efficiency (%)
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2. BEfficiency
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3.3. Caveats

Si PV panels

b Silicon heterojunction bottom cell ¢ GalnP//Si dual-junction solar cell
» _
1. Test incoming 2. Saw damage removal 4. PECVD of a-Si:H
wafer and texturization (i-passivation then p-doped
3. HF dip for oxide removal layers) on front (15-20 nm)

'-‘/’

Bottom subcell

7. Front and back 6. Sputter ITO on front 5. PECVD of a-Si:H
metallization (50-100 nm) and back (i-passivation then
(30-50 nm) n-doped layers) on back
* (15-20 nm) Insulating layer and adhesive

e
————-/

8. J-V testing and sorting

Essig Nature Energy 2 17144 2017
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3.3. Caveats

GaAs PV panels

2. MOVPE of AlAs
release layer (200 nm)

1. Unpack and clean
GaAs epi-wafer

10. J-V testing and sorting

9. Deposition of
antireflective coating

Essig Nature Energy 2 17144 2017

GalnP top cell

3. MOVPE of AlGaAs contact
layer (0.5 um), AlGalnP

back surface field (0.2 um),
GalnP absorber (1 um), AlinP
window layer (20 nm), and b4
GaAs contact layer (200 nm) 2

4. Patterning of GaAs
contact layer and deposition
of front metal grid

s
7. Dissolution of AlAs
release layer and release
of cell from epi-wafer

8. Deposition of patterned
metal grid

Energy in buildings

5. Patterning and
deposition of ARC

6. Cell transferred to flexible
handle or cover glass
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3.3. Caveats

SHVER ANODITED
LiIHLIF CLIRTAI

DDDDDDDD
i

ML T T T T
PHOTOMOLTAM — e
ol LRI STREER

DERAINED VOID

FKI Tower - Seoul

© Adrian Smith + Gordon Gill Architecture
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3.3. Caveats

Palais de Justice - Paris
© Guillaume David

Palais de Justice - Paris

©RPEW Energy in buildings 74



3.3. Caveats

© Sunovation

© Activskeen ) o
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1. How do they work
2. Production
3. Caveats
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4.1. How do they work?

© WindEurope

OFFSHORE

18.5 GW

offshore wind capacity

o
2%
offshore wind of EU’s
electricity demand

o
37%
average offshore wind
capacity factor

Pt

Energy in buildings
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4.1. How do they work?

© Uka-gruppe

Nacelle
Rotor blade

Measuring instruments

and position light
Blade pitch control —

Rotor blade

Generator brake

— Gearbox
— Generator

Wind orientation control

-
Access ladder
Cabling
Tower
Transformer
Station
Foundation
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4.1. How do they work?

Saint-Brieuc Bay offshore wind project

© Flask © PV Infinity
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4.2. Production
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Year of market introduction

© Jahobr
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4.2. Production

Minimum and maximum wind speed

Typical power curve of a wind turbine
storm protection shutdown
rated wind speed

typical average wind speed
cut-in wind speed
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B e p— T

: . 15 20 :
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! 1
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© mcensustainableenergy
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4.3. Caveats

Intermittence

Zhoushan islands (China)

Autumn
T . . . 300 500 —
g 400 £ 400
= b=}
T 300 5300
3 5| |
2 200 2 200 {1111 LT
; < \ =il
% 3 100 & 100 LA LLLSA
0 : : : 0
E 0 6 12 18 0 3 12 18
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=
[l Winter Spring
E 500 500
i T s I
g 400 £ 400
= =
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i g ] B L bttt | Lt g
¢ o - o |
oy E 200 2 200{ ‘
; z _ g
g : : : ' ' ' . & 100 ph e -1
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Time of day . . . " . | |
0 g 12 18 0 8 12 18
Time [EST] Time [EST)

(a) average wind speed

Li Energies 5 5307 2012

Figure 18: The average SA daily total wind power generation profile for each season in
2008-9 with the error bars indicating 2 standard deviations of the data points lying
above and below the average

Cutler CEEM/EERH Working Paper 2009
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4.3. Caveats

Utility in urban environments?

Obstruction of the Wind by a Building
or Tree of Height (H)

//,

2H 20H

© American Wind Energy Association . .
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4.3. Caveats

Noise pollution ?

© GE

How Loud Is A Wind Turbine?
105 dB(A)

lownmower

]

5 ’) 91} dBI(A)

blender Wind turbines, in residentiol areos,
are placed no closer than 300
80 dB(A) P

meters from the nearest house.
vacuum cleaner . 100 dBlA)

50 dB(A)
\ ;
40 dBI(A)
refrigerator 50 dela)

diStONCe — decibels

] mid-size
window ac

0 meters 100 meters 200 meters 300 meters 400 meters 500 meters
lat the source)
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1. Boiler

2. Heat pump
3. Co-generator
4. Chiller

5. Cooling tower

Vi
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5.1. Boiler

COP=0.9 iy i SCOaE

© howmechanismworks.com

|
‘ ‘ © APMitchell
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5.2. Heat pump

COP=5
Winter use

Compressor [

Gas =»

Evaporator g Usable heat

g o
Warm air | Liquid <=

Expansion Valve

© airteamltd ) o
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5.2. Heat pump
COP=5 ]
Summer use

Usable cold

~

L Bng‘..',' B ©

o
e

< Condenser Warm air

Expansion Valve

© airteamltd
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5.3. Co-generator

COP=0.9

Combustion drives a
turbine that produces
electricity via an
alternator.

COMBUSTIBLE —= TURBINE '—'I'-QF" ALTERNATOR —s= ELECTRICITY

.,

|
P
HEAT RECOVERY UNIT —= HEAT

e

The energy that is not

used is recovered to

produce heat.

© DPA
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5.4. Chiller

cop=7 Chiller Typ

Air Cooled

Condenser

¥
e ==z ! Compressor
T
' -j L

Expansion Valve{ Evaporator 1 B Evaporator

: e
%% » = Building ExpansionValve ¥  |gyilding
Heat TheEngineeringMindset.com Heat

© Severn Group e T i
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5.5. Cooling tower

COP =12 H bt il

' lEpnmﬁnn
FanDeck — H N )

1 1| | Warm water

o IR ARADN )
t 2 fﬁdr‘t atmar@
Upward air fiow

Wator with concenirated
Dissnhied gnlids

Cool water

© Cooling Tower

Blowdown

Lakovic Conf. Mech. Eng. 2015
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6. ENERGY RECOVERY SYSTEMS

1. Définition
2. Champ et potentiel créé par un dipole magnétostatique
3. Action mécanique d’un champ externe sur un dipdle
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6.1. Dual flow ventilation system

Winter Summer Summer
operation operation (day) operation (night)
Exterior Exterior Exterior
Rejet air t Prise air neuf ‘ Rejet air Prise air - Rejet air t Prise air neuf ‘
extérieur extérieur (5°C) extérieur " neuf ‘ extérieur extérieur
extérieur (18°C)

(30°C)

Court-circuit

Interior

Air neuf (21°C) Air extrait (22°C) Air neuf (24°C) Air extrait (23°C) Air neuf (18°C) Air extrait (24°C)

© maison.passive.fr
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6.2. Energy recovery from grey water

Residential
=
]
t—
—
—
=
=
—
—
—
—
=
= (Cold Water e Hot Water
=== Pre-Heated Water — === Drain Water
© Ashp uk
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6.2. Energy recovery from grey water

Swimming pools

Waste water 31° C

Non residentiel : exemple De Nekkerpool a Malines (2014-2016, 1 MW)
*- ==k Condenser Hot water 35° C
» Pompe a chaleur eaux usées des douches (52 kW)

« Partde 3%

» COP moyen mesure = 6
: » Pompe a chaleur eaux usées de la piscine (37 kW)
7 « Partde 6 %
Cleanin = -
o s @ Gt « COP moyen mesuré = 13
g
Flow A ©
; quamit?t I o
# regulation
i = E
W Fresh waterioe ¢ 2
=
=
-
® s
(— - =
Evaporator
{ E8 55353 °3C 385885555 23385385553 8¢85K5338
WISt Water 85 g =3 3 IR0 f2afEEzaz 2 A0 282z aq9s5 3 2 &0 2 a
= Heat pumps waste water heat recovery ™ Heat pump energy roof m Boilers
© Menerga
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6.2. Energy recovery from grey water

Sewers

Source : Frank (PKS Thermpipe) Source : EAWAG

I'nlliu“’"'

.

Source : Branderburger Liner Source : Hydrea Thermpipe

© Menerga
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