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- Integrating Ground Source with other
Energy Technologies

nd Thermal Energy Storage) and why is it importe

hermoScrewPiles™ ThermalBanks™

g with many complex variables — Impossible otherwise??
lles of the building particularly important
les & geological conditions (TRT essential)

pecified then that's what must be installed
r'ce boreholes are 100 metres aren't they?
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Jnd Thermal energy storage — Why?

s on the Earth there is sufficient naturally occurring Heat
eep Humans both alive and comfortable.

it....... Can this thermal resource be captured
?

ii‘ﬁ't always available exactly when and

.

then what?

erground Thermal Energy Storage)
choice.
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ks “unexpectedly”
as a thermalresource.

OUICE — Which is how most people have been thinking of this technology recently

ink — and generally more efficient than ambient air....

\nd COOIth) Store - uTES (Underground Thermal Energy Storage)

dvantages of UTES are being substantially ignored in' UK GSHP installations.
cases UTES reduces installation costs AND reduces operating costs!

cooling buildings

1M ot water Boreholes
; B Cool water
hest V free cooking
o o )
T
B Energy
Center

s -

hesaing bulidings

A\ Outer edge of sand fill, insulation
and polyethylene sheet.




Integrating Ground Source with other
Energy Technologies

1d Thermal energy storage — Why?

The Sun

Ambient Air What is Earth’s Energy Budget?
From Water (either surface or rainfall) . etmosphere by clouds carthis surface
6% 20 4% 64% 6%

Radioactive Decay, Exothermic Reactions....

T ) Incoming Radiated to space
'he Earth’s Mantle Soia enray e

Iy Absorbed by
.  atmosphers 1 6%

Unintentional — Sewage & industrial waste,
lunnels & mines, composting organic landfill

Deliberate — Planned injection or rejection
[rom va |ous.sources e.g. CHP, Waste
incineration, Cooling Buildings

OLD (Coolth)
:mgl cold groundwater
Ir temperatures (nightime &

Buildings



Integrating Ground Source with other
Energy Technologies

derground Thermal Energy Storage

ransferred Into the ground for recovery and use in the future.
riodical, Seasonal, Annual or even Perennial.

ating efficiency in terms of both Costs (Capital & Running) and
with that CO, production

f UTES systems:

face — Thermal Piles & Thermal “Banks”
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CTES

(Cavern Thermal Energy Storage)

Lyckebo - Sweden

Volume of cavern: 104,300 m3

Storage capacity: 5.5 GWh

Store temperature 60-90 °C
Installed 1982
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B = ATES |
Arlanda Airport — Stockholm (220.GWh pa)

Ce
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y of Scale — Surface Area : Vql.Qmé Ratio
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pacity — Volumetric Comparison

ne International Standard Football Pitch
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pacity — Volumetric Comparison

i i
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ne International Standard Football Pitch
ew boreholes to 140m
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Ity — Volumetric Comparison

International Standard Football Pitch
boreholes to 140m - Voila 1,000,000 m3
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ity — Volumetric Comparisor(

International Standard Football Pitch
boreholes to 140m - Voila 1,000,000m?3
600 MWh of BTES capacity per °K
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The Mechanics (or should that be the Physics)

y
represents the amount of energy required to raise 1 kg by 1°C (°K

ply as the ability of a substance to absorb heat.

Specific heat capacity at constant pressure for selected materials
(~300 K and ~100 kPa except where otherwise indicated).

Granite 790 Snow 2090
Soil, dry 800 Water, ice, -5 °C 2090
Sand 835 Water, liquid, 0 °C 4218
Brick 840 Water, liquid, 20 °C 4181
Concrete 880 Water, liquid, 40 °C 4178

Salt 880 Water, liquid, 80 °C 4196 Summer
Copyright 2009, Underground Energy, LLC
Marble 880 Water, liquid, 100 °C 4216 ~ Winter

Chalk 900 Water, vapour, 0 °C 3909
Clay 920 Water, vapour, 27°C 3985
Asphalt 920 Water, vapour, 100 °C 4039

Soil, wet Ammonia, liquid 4700

00 Kg/m? will store 0.6 kWh/m3/K
)00 Kg/m? will store 1.2 kWh/m3/K
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on
ads - System Design
A building utilising TermoDeck

and Borehole Thermal Energy
Storage (BTES) systems

T. AR HANDLING UNIT
2. AR SUPFLY VLA CEILING DIFFUSERS
3. FRESH AIR INTAKE
4. TERMODECK EXPOSED HOLLOWCORE
5, HATURAL VENTILATION LISENG WINDOAWS
6. GROUND SOURCE HEAT PLIMP ([GSHP)

7. BOREHOLE THERMAL ENERGY
STORAGE (BTES) LOOP

© Megan Abel

t) always be designed as an integral part of a system. To work
gn needs to consider numerous parameters: from building

S to micro climate and from average ground temperature to
occupation levels and any other user considerations.
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ced Energy Load

-5.00

Temperature

-10.00

operation for a large heating only installation

1.200

0.800

rmal transfer fluid temperature decline during 15 years of

Flow Rate
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1ced Energy Load.

Net heat extraction reduced by recharge!

*i*...min.l‘H.u !II'IU'I'HIHw.Hw-u.rll
'“nmmWQMININIWWW“mum“

AARRRY

LLLY.
Iy

_ -

“ 1.200

2.000

1.600

Extraction in
balance with
recharge!

Flow Rate

0.800

0.000
+05

Thermal Transfer Fluid temperature flux for a system with
heating only heat pump extraction and outdoor air recharge.
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Heat pump-efficiency

Heat pump output

- el

e

Compressor electric power

Heat Pump Capacity v Source Temperature
Ldegree lower source temperature causes a 3-4 % reduction of heat pump output
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projects-in.Sweden

Number of boreholes Borehole depth

153 230 m
133 200 m
120 100 m
60 200 m
68 160 m
51 180 m
48 180 m
38 200 m
42 180 m
30 250 m
120 65 m
64 110 m
37 180 m
100 65 m
41 150 m
28 210 m
28 210 m

t, Bromma 19 300m &
Norrtélje 26 210 m

ation, Bromma 18 300m @:*

36 150 m
33 160 m
31 170 m
28 185 m
24 210 m
33 150 m
23 210 m

23 200 m

#Only free cooling
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mS Integrating Ground source
ith Solar Energy

need not be complex nor expensive:

collector boosts

t temperature and
ground. It does
irectly to DHW.

HEATING
UNGLAZED SOLAR SYSTEM

COLLECTOR m

HEAT PUMP

STORAGE

HW

llectors cost less.

orter.

BOREHOLE
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S Integrating Ground SOUrCe
ith Solar Energy

y is being used to o
te the ground. The m &
this strategy

ds on ground SToRAcE

HEAT PUMP HW

allows an increase
Galin by =]
Ing stagnation o
f high irradiation Ll
emand.
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Stems. Integrating-Ground Sourcey
- with Solar Energy

he detail design requires accurate data_and computer simulatior
s well understood elsewhere in both the EU and North America.

2ffective operation any installation must be correctly commissioned

th Energy Designer) in particular for the ground side

w
armqf
2] ¥ Cold™|
L water™|

waes |

-

Heat-pump™|

Fig -6:-System-with a-heat pump and glazed solarcollectors with possibilities-
to use solar heat for heatingdomestic hotwater, the heatingsystem-in the-
building, the evaporatorin the heat pump or recharging the borehole |

22
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om j-integrating Ground source
with Solar Energy

5ES

pace heating and DHW 15,000 kWhr/]:w
2 per house

jrated solar panels total 2400 m?
apacity 450 kwh/m?, year

S to 65 meters at 3 m spacing

of solar heat in underground store
Ing under-floor heating

2 April 2002
mated to provide 70% of total energy



S Integra |rfg:-éround source
with Solar Energy

Iéberg, Danderyd

Storage parformance

N F M A M o o A 5§ 0 N
E | — Gew (=20 E— Siorage esses
Ly

;-- - = ‘Tﬂml Tﬂn‘p _Enrﬂ]llﬂﬂﬂ.

| -

Max temp
+30 C, 2003
+40 C, 2005

lar collectors and Borehole heat store.

System has been in full operation since 2006.
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Large hybrid-ground-source syste
-~ Nasby Parks.Castle

3 s g

oreholes with summer recharge from lake
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' Large hybrid ground-source systems$
Nasby Parks Castle

or further development

newable energy

renewables (water,

sustainable and cost-effective choice!
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aspy Parks Castle

CC pled heat pump with recharge from the sea |

Heat pump 400 kW
Run hours 6000 h
Heat supply 2400 MWh

Borehole storage without lake
recharge: 80 boreholes
400,000 EUR
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~ Nasby parks slott

-coupled heat pump with recharge from the se¢

11/s
',:'L +9.7

—

+5.8

-

1: i3 2 +9.8

£y

ows and temperatures 27.09.2004
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'seven months of operation™,

-source heat pump and oil (peak)

ment cost: 750,000 EUR
180,000 EUR/year

~ Actual Payback was.......... 3 years

79 %
Il & electricity) 57 %
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inehamn’s Hospltal Swed

Balanced System -
d from waste & rejected heat

efore (=bought energy)

2135 MWh/year
605 MWh/year

2740 MWhlyear
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amn’s Hogbital, Swede

energy efficiency measures-

1200 MWhlyear
475 MWhl/year

1675 MWh/year
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change of energy production to
ump/energy storage with free -
er and preheating of outdoor.air

155 MWh/year
465 MWh/year

620 MWh/year

%)
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-Hospital, Swede

B HVAC electricity

B District heating

Bought energy (MWh)

Before After energy efficiency measures After installation of GSHP
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trineholm Sport Centre
Community clusters

Indoor ICE RINK OFFICE
Heated Sept-May

SWIMMING POOL GYMNASIUM

Outdoor ICE RINK .: 4 2! =3 2 Outdoor SOCCER

Heated all year Heated Sep-May

Cooled when air Heated when air
above 0 C below 0 C
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IHNEJ-IITII:IHE LIMITED

™ are manufactured
ombinations to cater
found in the UK

quite that simple but a
tive option.

The Thermo screw pile™ is subject to a pending UK patent application:
(patent pending GB1003179.7) and is manufactured in the UK

under licence by
9eolOGIC

FOLIFMDATE S L BhAT
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v pile™
iIcient modular housing

2 to 2.5m centres
tandard house

for cooling (sorry
1er months

ndation and a heating
ero carbon




Integrating Ground Source with other
Energy Technologies ecolOGlO

IIIIIIIIIIIIIIIIII

e of Computer Aided Design (CAD) anc
S Performance to ensure an eptimum solution,
iriables on every site it is imperative that the engineering

ate, simple and robust.
mputer Simulation software and thermal response test rigs sit

CESS.
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U ES - (Underground Thermal Energy StoraR
Crucial Design Issues

= Accurate Geotechnical Data

= Geological, Hydrogeological & Thermogeological E:::iﬁ;us
= |Insitu Thermal Response Testing W JuRasSIC
=  Without a Site Specific TRT it can only be guesswork. : Z * E:ZT::;::S:“
Cost trade off for some small (<30kW) schemes i B CARBONFERIAE (othien
= Extremely good data on building peak heating and cooling ’ . B SILUFIAN & DEVONAN
loads are essential ' g
=  Monthly energy profiles particularly important o [] TORRIDONIAN

= Proposed Heating and/or Cooling regime [ IGNEQUS

= Heating distribution system design parameters also vital

=  CoP drops quickly as distribution side flow temperature rises. (approx
1°C increase reduces efficiency by at least 2.5%)

= |s Integration with other heat sources possible or desirable
= Base load vs. peak load requirement
= |s waste or other Renewable Heat (e.g. Solar) available
= Recharge?

B WMETAMORPHIC

= These are all needed to design the system and in particular to
size and construct the Ground Heat Exchanger correctly

== But all Ground Source Boreholes are 100m aren’t they?!!
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the design documentation there’s a good reason
MUST be installed.

ign WILL be compromised

actly as prescribed

material also matter
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Thank You

Nic Wincott
UK Coordinator.
Neoenergy (Sweden) Limited.

St John’s Innovation Ce

Cowley Road, CAMBR
CB4 OWS. UK.

+44 (0) 1223 911788
enguiries@neoenerqgy.co
WWW.neoenergy.se
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