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Brandl, H. (2006). Energy foundations and other thermo- Olesen, B. W., & Liedelt, D. F. (2001). Cooling
active ground structures. Géotechnique, 56(2), 81-122. and heating of buildings by activating their

thermal mass with embedded hydronic pipe
systems. Proceedings of the ASHRAE-CIBSE,
Dublin, Ireland, 3-4.
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Moe, K. (2010). Thermally active surfaces in architecture. Princeton Architectural Press.
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Solar Panel Efficiency - Cell type comparison chart *
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Half-cut Mono PERC
18-20%

Poly PERC
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Mono PERC
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21-22.5% 21-23%

leanenergyreviews.info

Mono PERC MBB
20-21.8%

Solar Cell Types and Panel Efficiency
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104ch 412 Hzizey

BT 814 m2, HZA 22

Red/brown digital ceramic printed,
monocrystalline G2G type frameless
BIPV module
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(=4 : The Assessments of Operational Performance for
North-facing PV System based on Measured Data, Journal of
KSES, Vol.42, No.5, 2022)
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® An example of EHP | EHP Of|A]

(a) Heat engine (b) Refrigerator

Oh=Q + W

More heat is exhausted to the kitchen than is removed from the refrigerator

What is the COP?
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Low-pressure vapor

Low pressure 1} High pressure

Suction valve Discharge valve Ve High-pressure vapor
/ 7 Cool
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Cooling Tower
Major heat disposal here

Condenser Water

Carries the heat to
the coaling tower

Shell and Tube Heat Exchangers

Exhaust
Some heat lost
Ventilation
Heat and moisture gain

Heat Gain .
Solar and fransmission

Chilled Water

Heat and
moisture
Serves the air-
handling unit

¥

.
W T
Air-Handling
Cooling and dehumidification
at coils here
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Purgeffill valve
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To additional units
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Manual season heating/
>~ .

__ cooling master switch
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300-gallon
: accumulator

Pressure relief tank (1140 L)

Heat pump
temperature controls
X|g sIEEH=

Evaporator Compressor Condenser

.
Compressive refrigeration cycle
(could be an absorption machine)
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1. Mechanical and electrical equipment for buildings, W.T. Grondzik and A.G.Kwok,12ed

2. Presentation of ECW, Geothermal Heat Pump Systems: From Basics to Hybrids
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Systems can be combined to give optimal solution
Adopted system will depend on the local geology, geography and geometry

Borehole HX
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Ground Surface /
Configuration ) T oo e et

Soil

500m deep (unconsolidated) s
12-15m away from others | 2
Typically X6 (vs. BHE) ~ ~ ————————— “ ____________________

e g: - .
(consolidated)

“| Water Table

Direct contact

i borehole wall (uncased) T
Higher heat transfer rate ypealy - &in da _ 3
submersible pump =
’ (if installed) il ‘E T
. . . condut_:‘tion through i ‘
Well field size is smaller ipe walis —E—
. water
Fewer wells required p—— eorameto | | 5|
in borehole $
! £
. . . - e |l a—»
Difficult in sizing conduction + convecion towmomaion | | B
| i § Wil
| perforated intake area water E e
discharge g
from
| Deptn = several hundred feet | formation i
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Drilling

Borehole HX

U-pipe

BOREHOLE

Grouting
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..... ‘~| J Heat pump
other heat pumps Le
—-Tin ground o T d
! pump > <D o2
7, @ - out,ground
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Ground heat exchanger Borehole Ground
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Temperature T (2) ——»
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® XI5 2HM2} with BHEs

Temperature (

EWT
Ground

Years

20

25

30

© E1 MH L AOIE

1. https://www.tccmaterials.com/product/tenon-thermaseal-geothermal-grout/
2. https://www.changeenvironmental.com/project/geothermal-design/

3. https://www.profs.polymtl.ca/michel.bernier/Open_geo.htm
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To size (determine the length) properly:
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GLHEPro
GLD software
EED
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2.7 W/mK
2.6 W/mK
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Heating load = 1 kW

)
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COP =3

333W —p
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(needed from
the source)
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Cooling load = 1 kW
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the sink)
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Figure 5. Simulation results for the EWTs (A: GLHE; B: DST and TRNOPT).
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