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®A pipe is inserted into the ground
that is designed to extract the
thermal energy naturally stored
there. A heat pump concentrates
this heat and transfers it through
the domestic heating system in the
same way as a conventional boiler
providing both central heating and
hot water.

elt is so efficient, it can provide the
heat needed for a well insulated
home at around 50% of the cost of
a conventional oil fired boiler
system
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DESIgRIConsIderations

Building thermal loads
Heat pump Available space Ground parameters
Flow rate /max min EWT P P

Standards
50 year design life

Hydraulics

Total borehole length Drilling conditions
& Spacing
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DESIgRIStandards 7

e Small systems
— BS EN 15450
— VDI 4640

e Commercial Scale
— IGSHPA - Design and installation standards
— Canadian Design & Installation C447-94
e Installation
— Swiss Dirilling Standard
— French Drilling standard
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Social Multiple Bespoke Public Commercial Offices
Housing Housing Houses Sector

Small / Integrated — Mid Range
5kW — 100kW

N N o
ofs L->'P5ua(g,njze£z

Mid Range
12kW — 80kW

Heating and Cooling
Up to TMW

Console / Cassette
1.5kW — 4kW
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[BOElHcIEnNtor Performance

e CoP affected by:

— Heat source temperature

— Heating water temperature (flow/return
temperatures)

— Additional supplementary heating

e CoP continually varies

— A spot measure of performance at optimal
conditions

— Much like car mpg figures
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DESIgRIConsIderations

Building thermal loads
Heat pump Available space Ground parameters
Flow rate /max min EWT P P

Standards
50 year design life

Hydraulics

Total borehole length Drilling conditions
& Spacing
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Ground type

Specific heat extraction rate

operation period

1 800 h

operation period

2400 h

General guidance values:
poor underground (dry sediment and 4 < 1,5 W/(m K)

25 Wim

20 Wim

normal underground and water-saturated sediment
1.9 <A <30WimK)

60 Wim

50 Wim

consolidated rock with high thermal conductivity
A= 3,0 Wim K)

84 Wim

70 W/im

Individual ground types:
dry gravel or sand

<25 Wim

< 20 Wim

gravel or sand saturated with water

65 to 80 W/m

55 to 65 W/im

| gravel or sand and strong ground water flow

80 to 100 Wim

80 to 100 Wim

moist clay

35 to 50 Wim

30 to 40 Wim

massive limestone

55to 70 Wim

45 to 60 W/m

sandstone

65 to 80 Wim

55 to 65 Wim

siliceous magmatite (e.g.granite)

65 to 85 Wim

55 to 70 Wim

basic magmatite (e.g. basalt)

40 to 63 Wim

35 to 55 Wim

diorite

70 to 85 Wim

60 to 70 Wim

NOTE

values valid for heat pump systems with a heating output up to 30 kW
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For larger ground source heat pump systems, specific calculations using analytical solutions or numerical
simulation methods are required.

Source: BS EN15450:2007 Heating systems in buildings — design of heat pump heating systems
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Heat Meter
Flow Meter

Mean Rock Temperature v Time
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Grout Pump Trench 1.0m deep

Selected backfill

100mm sand bed
and surround

Borehole U-Tube.

Low permeability
Grout.

Borehole Wall

Tremie Pipe
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e Software :-
— EED (v3)
— GLHEPRO
— GLD
— CLGS

e Paper :-

— IGSHPA - various + courses

— ASHRAE - GSHPs for Commercial and
Institutional Buildings (Kavanaugh + Rafferty)
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DESIgRIConsIderations

Building thermal loads
Heat pump Available space Ground parameters
Flow rate /max min EWT P P

Standards
50 year design life

Hydraulics

Total borehole length Drilling conditions
& Spacing
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Thermal Performance
Laminar/Turbulent Flow

Hydraulics/Frictional Losses

<

Boreholes:

Connecting pipes:
Header pipes:

Heat Pump:

Circulation Pump

Number & Spacing
Depth & u-tube dia
Number of Arrays

Lengths & Diameters
Lengths & Diameters

Capacity & Run Hours
Flow Rate

Size
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DESIgRIConsIderations

Building thermal loads
Heat pump Available space Ground parameters
Flow rate /max min EWT P P

Standards
50 year design life

Hydraulics

Total borehole length Drilling conditions
& Spacing
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@ontract Procurement

Feasibility

Optioneering

Outline Design

Thermal Response Testing
Building requirements
Ground Loop Assessment

Tender

Finalisation of costs
Contract Agreement

Detail Design

Thermal/Hydraulic Design
Plant Room Design

Construction

Drilling/Trenching/Pipework
Plant Room Installation
Controls

Commissioning

Flushing & Purging
Testing
Commissioning

. Building Services
Consultant

_/

Contract Award

N

> Contractor
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(@asesitdy — LLeisure Centre

e 10% On-site Renewable Requirement

e Reverse Cycle Ciat Heat Pump
— Heating 200kW 422MWh/yr
— Cooling 165kW 108MWh/yr

e 49 Boreholes 90m deep — 7 x 7 grid




