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PROJECT GEOCOND:

ADVANCEMATERIALS AND PROCESSES TO IMPI
PERFORMANCE AND CEFSHICIENCY OF SHALLO\
GEOTHERMAL SYSTEMSWANEY




- ProjectGeocond

Project GEOCONRBiImsat improvingsubstantiallythe operationalefficiencyof
BHE systems associatedto shallow geothermal energy by optimizing the
materialsof the individualcomponents(pipes,configurations, grout) and the
overallsetup.

This improvement in technical §
efficiencyshall be translatedinto cost
savingsin installation and operation,
allowing for a leap in economic . Asher
benefits of shallow geothermal [EEERE Tel @ AR T &1 | i
technology M NEY
Furthermore,a significantreduction of
the drilled meters and the amount of
pipes used to fulfil the same heating
and coolingneedsenablesa decrease
of environmentalimpact
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Technical Project Goals

Plastic pipes and fitting elements with
high thermal conductivity

2x Higher thermal conductivity compared to
currently commercial HDPE** pipes

** HDPE= High density Polyethylene

. Technology . Objective
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State of the art pipes

Pipe material properties, selected values from VDI 4B64R015)

Material |Thermal Maximum operating |Maximum operating
conductivity temperature for 50 |temperature for 1 year
pipe lifespan * |pipe lifespan *

0.42W/(m-K 40°C 70°C **
0.42W/(m-K 40°C 70°C**
0.42W/(m-K 70°C 95°C

0.41W/(m-K) 70°C 95°C

0.24W/(m-K) 40°C 70°C

EER 0.22W/(m-K) 70°C 95°C

* at given maximum pressure conditions ranging fromZBMPa
** even shorttime excess temperatures can damggpes
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Technical Project Goals

New high conductivity borehole filling (grouting)
materials, including low temperature PCM*

12% Lower borehole thermal resistance
and higher heat storage capacity

* PCM= Phase Change Materials

. Technology . Objective
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- State of the art- grout

A The supposedly first publication on the idea of grout with
enhanced thermal conductivity BRemund& Lund (1993).

A Inthe mid-1990s, a thermally enhanced grautith siliceous
sand) cam®n the market in the USA, with a thermal
conductivity ofalmost1.5 W/(m*K); in American units, this
means 0.85 Btulr*ft*°F), leading to the name of thermal
grout 85.

A Experimentsn 19961999 at Brookhaven National Laboratory
In USA targeted different additives for increased thermal
conductivity (Allan &hilippacopoulos1999).

A Developmentsn Germany around 2000 resulted in grout
mixtures with addition of either quartz powder or graphite,
under the brand nameStuwathermand Thermocemresp.
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- State of the art- grout

A Also in VDI 464@ (2001) the addition of quartz sand was
suggested to improve thermakoperties.

A Inthe meantime, numerous brands of grout ready for use are
on the market. The thermally enhancing additives are either
siliceous sand, quartz powder or graphite.

A A specifidgssue at least in Germany is thehaviourof the
grout during freezinghawingcycles Anbergenret al, 2012),
when damage of the grout texture and increase of hydraulic
permeabllity(loss of sealing properties) may occur. In draft VD]
46402 (2015), a routine for testing the grout while freezing is
proposed in appendix C.

A Anynew mixtures with enhancethermal conductivity will
have to meet also the sealing requirements.
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Technical Project Goals

Tailor-made solutions for grouting materials and
innovative pipes configuration

20% Reduction in borehole length

. Technology . Objective
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- What are the main GEOLOGICAL ASPEC

Geological aspects related to Shallow Geothermal systems:

A Lithology and petrography

A Characterization including texture and structure of the rocks
A Hydrogeological setting

A Drillability (hardness and cohesion of rocks)

A X
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What are the main GEOLOGICAL ASPEC

A Thermal conductivity maps considering the European geological setting (derived
from EGDI) with very good correlation with well known areas have been produced.
Other maps with more information related to relevant aspects such as HDD, CDD,
population densitygetc have been created.
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Percentage of area

_ GEOCONE

Area [kn¥] opcWYWniwegWHegpyWpannWnnoWrtr1tpWHoPWY pWYymMH W

Ut ©ene %barea Yarea %area Yarea Y% area % area % area % area
[W/(m*K)]
1.2-1.5 16.5 19 9.7 0.54 0.01 10 6.9 9.5
1.52.0 37.5 8 30.6 34.2 11.7 25 5.7 30.0
2.0-2.5 18.7 69 24.0 36.2 5.7 50 31.0 21.8
2.5-3.0 25.2 4 34.1 23.5 75.8 15 53.5 35.7
3.03.5 1.9 0 1.0 2.8 34 0 3.0 1.9
3.54.0 0.02 0 0.6 0 0 0 0 0.1
4.04.5 0.23 0 0 2.7 0.07 0 0 0.3
455.0 0 0 0 0 0 0 0 0
5.05.5 0 0 0 0 3.3 0 0 0.7
70%
40% GEOCOND study area GEOCOND study area
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35% 5
T 50%
30% 3 = percentage of area
259 §. 40% = percentage of population
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- What have we learnt from the project?

A Models and simulations shows that the best possible configurations combining
pipes and grouting thermal conductivity are in ranges of thermal conductivity of
pipes around 11.4 and thermal conductivity of the grouts betweet8 2V/mK

A The importance of the mixing procedure of grouts has been deeply analyzed with
a2YS aaK2OlAy3¢é NBadzZ ad ! o0FR YAEAY:
very low thermal conductivity values!!
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