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Air Collector Systems:

e Noise

e Location (good air flow & connection)
e Defrost cycles

e Undersizing

e Oversizing

e Inaccurate heat loss calculation

e Poor heat distribution design or install
e Inadequate control strategy

= A I 1A LI~ AArv/Ar O NMAaimFAR A~~~



scociaion A
ISsociation

Ground Collector Systems:

e Undersizing

e Oversizing

e Inaccurate heat loss calculation

e Poor heat distribution design or install

e Inadequate control strategy

e Commissioning, Handover & Maintenance
e Inadequate collector design

e Inadequate collector install



S3SHP it's expensive to put right
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Some Ground Collector Faults:

e Not enough surface area/depth or proximity
e Overlapping pipework

e Poor materials (pipes, antifreeze etc)

e Poor hydraulic design (massive pumps)

e Poor backfilling or grouting

e Poor drilling/trenching practice
e No capping off
e Poor purging and filling

o T ~AAANaITI~EFA sAILAEA~



SSHP

ISsociation

Heat Loss Calculation (HLC) complies BS EN 12831
software compliant BS EN 12831. i.e. good HLC

ROOM [KITCHEN/DINING [JOB |[Dom Heat Des Guide JAmount  Air Design  Heat Loss [Vanation from DHDG
Design Room Temp 21 Mo of air air heated change  Temp

Outside Design Temp -1.8 changes per hour  factor Difference IDesign temp was -3 C
Design Temp Diff 22 8perhour  Length m Width m  Height m [m3/hour  w/m3K C Watts

[VENTILATION HEAT LOSS P 4.9 2.7 2.4 §3.50 0.33 22.8 47

Fabric Heat Loss Area m2 U-Value

FLOOR 4.9 2.7 13.23 0.79 22.8 235

EXT WALL (gross area) 7.8 24 16.24

WINDOW GLAZING 11 1.05 1.16 4.3 228 1260Single Glazing
DOOR 1.75 21 3.68 4.8 22.8 404Single Glazing

EXT WALL (net area) Subtract glazing & door from gross ext wall area 13.41 0.65 22.8 208

CEILING or ROOF (gross area) 233 1.92 4 .47 Heat gain from bathroom

ROOF GLAZING 0 0 0.00 0 0 0

CEILING ar ROOF (net area) Subtract roof glazing from gross roof area 4.47 1.41 -1 -

INTERMAL WALL 1 0 0 0 0 0 0

INTERMAL WALL 2 0 0 0 0 0 0

PARTY WALL 27 24 6.48 1.02 1 7

JTHER 0 I 0 ) 0 J a

DESIGH HEAT LOSS FOR ROOM (Sum of Watts for all elements) | 1519

EXPOSED LOCATION Yes IfYES, add 10 % to DESIGN HEAT LOSS 15

HIGH CEILING Mo If YES, add 0 % to DESIGM HEAT LOSS a

INTERMITTENT HEATING Add [ % to DESIGN HEAT LOSS Mo intermittent heating
TOTAL ROOM HEAT LOSS | 1671]
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Heat Loss Calculation (HLC)

complies BS EN 12831
software compliant BS EN 12831. i.e. good HLC

ROOM [KITCHEN/DINING [JOB |[Dom Heat Des Guide JAmount  Air Design  Heat Loss |Change

Design Room Temp 21 No of air air heated change  Temp

Cutside Design Temp -1.8 changes per hour  factor Difference

Design Temp Diff 22 8perhour  Length m Width m Height m |m3/hour  w/m3K °C Watts

[VEMTILATION HEAT LOSS 1.5 4.9 2.7 2.4 47.63 0.33 22.8 3580raft proof

Fabric Heat Loss Area m2 U-Value

FLOOR 4.9 2.7 13.23 0.37 22.8 11250 mm U/F insulate
EXT WALL (gross area) 7.6 24 18.24

VWINDOW GLAZING 1.1 1.05 1.16 21 228 58Low E glass door
DOOR 1.76 21 3.68 21 228 T?aan E glass door
EXT WALL (net area) Subtract glazing & door from gross ext wall area 13.41 0.39 22.8 1159 Cavity wall insulate
CEILING or ROOF (gross area) 2.33 1.92 4. 47 Heat gain from bathroom

ROOF GLAZING 0 0 0.00 0 0 0

CEILIMNG or ROOF (net area) Subtract roof glazing from gross roof area 4. 47 1.41 -1 -6

INTERMAL WALL 1 0 0 0 0 0 0

INTERMAL WALL 2 0 0 0 0 0 0

PARTY WALL 27 24 6.48 1.02 11 3

OTHER 0 0 0 ] 0 0 0

DESIGHN HEAT LOSS FOR ROOM {Sum of Watts for all elements) | 387

EXPOSED LOCATION Yes If YES, add 10 % to DESIGN HEAT LOSS 84

HIGH CEILING Mo if YES, add 0% to DESIGN HEAT LOSS 0

INTERMITTENT HEATING Add 0 % to DESIGN HEAT LOSS )

TOTAL ROOM HEAT LOSS | 976
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Internal and external temperatures recommended in CIBSE Guide A: Environmental Design

Dining room 21

Bedroom 18

Kitchen 18

Toilet 18



ISsociation

Floor Heat Loss - local annual average external air temperature.

Birmingham 96

Edinburgh 35 -3.4

London 25 -1.8

Plymouth 27 -1.2

In the absence of more localised info, data from the closest location decreased by
0.6 °C for every 100m height above sea level -

may be used,

i.e. take account of local internal and external conditions
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Heat Loss Calculation (HLC)

complies BS EN 12831
software compliant BS EN 12831. i.e. good HLC

ROOM [KITCHEN/DINING [JOB |[Dom Heat Des Guide JAmount  Air Design  Heat Loss |Change

Design Room Temp 21 No of air air heated change  Temp

Cutside Design Temp -1.8 changes per hour  factor Difference

Design Temp Diff 22 8perhour  Length m Width m Height m |m3/hour  w/m3K °C Watts

[VEMTILATION HEAT LOSS 1.5 4.9 2.7 2.4 47.63 0.33 22.8 3580raft proof

Fabric Heat Loss Area m2 U-Value

FLOOR 4.9 2.7 13.23 0.37 22.8 11250 mm U/F insulate
EXT WALL (gross area) 7.6 24 18.24

VWINDOW GLAZING 1.1 1.05 1.16 21 228 58Low E glass door
DOOR 1.76 21 3.68 21 228 T?aan E glass door
EXT WALL (net area) Subtract glazing & door from gross ext wall area 13.41 0.39 22.8 1159 Cavity wall insulate
CEILING or ROOF (gross area) 2.33 1.92 4. 47 Heat gain from bathroom

ROOF GLAZING 0 0 0.00 0 0 0

CEILIMNG or ROOF (net area) Subtract roof glazing from gross roof area 4. 47 1.41 -1 -6

INTERMAL WALL 1 0 0 0 0 0 0

INTERMAL WALL 2 0 0 0 0 0 0

PARTY WALL 27 24 6.48 1.02 11 3

OTHER 0 0 0 ] 0 0 0

DESIGHN HEAT LOSS FOR ROOM {Sum of Watts for all elements) | 387

EXPOSED LOCATION Yes If YES, add 10 % to DESIGN HEAT LOSS 84

HIGH CEILING Mo if YES, add 0% to DESIGN HEAT LOSS 0

INTERMITTENT HEATING Add 0 % to DESIGN HEAT LOSS )

TOTAL ROOM HEAT LOSS | 976




SSHP

ISsociation

Heat Loss Calculation (HLC) complies BS EN 12831
software compliant BS EN 12831. i.e. good HLC

Heat Loss [Change

358 Oraft proof

JH3screed U/F; 100mm

Low E glass door
Cavity wall insulate

Eaan E glass door

ROOM [KITCHEN/DINING [JOB [Dom Heat Des Guide JAmount  Air Design

Design Room Temp 21 No of air air heated change  Temp

Cutside Design Temp -1.8 changes per hour  factor Difference

Design Temp Diff 22 8perhour  Length m Width m Height m |m3/hour  w/m3K "C Watts
[VENTILATION HEAT LOSS 1.5 4.9 2.7 2.4 47.63 0.33 22.8

Fabric Heat Loss Area m2 U-Value

FLOOR 4.9 2.7 13.23 0.23 11

EXT WALL (gross area) 7.6 24 18.24

WIMNDOW GLAZING 1.1 1.05 1.16 21 228

DOOR 1.75 21 3.68 21 228 17
EXT WALL (net area) Subtract glazing & door from gross ext wall area 13.41 0.39 22.8 11
CEILING or ROOF (gross area) 233 192 4.47 Heat gain from bathroom

ROOF GLAZING 0 0 0.00 0 0 0
CEILING or ROOF (net area) Subtract roof glazing from gross roof area 4.47 1.41 -1 -1
INTERMAL WALL 1 0 0 0 0 0 0
INTERMAL WALL 2 0 0 0 0 0 0
PARTY WALL 27 24 6.48 1.02 1 7
OTHER 0 0 0 0 0 ) a
DESIGH HEAT LOSS FOR ROOM [(Sum of Watts for all elements) | g0
EXPOSED LOCATION Yes IfYES, add 10 % to DESIGN HEAT LOSS 81
HIGH CEILING Mo If YES, add 0 % to DESIGN HEAT LOSS 0
INTERMITTENT HEATING Add 0 % to DESIGN HEAT LOSS )
TOTAL ROOM HEAT LOSS | 890
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provide at least 100% of the calculated design SPacCe heating

QOWQI’ requirement at the selected internal and external temperatures, the
selection being made after taking into consideration the space heating ﬂOW

temperature assumed in the heat emitter circuit and any variation in
heat pump performance that may result.

Please note:-100% includes defrost cycles and no immersion heater within space
heating design zone
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npact of power coverage on SPF and electricity demand on coldest hour
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Annual SPF

oS

10

Electricity demand per unit heat on the coldest hour
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npact of power coverage on SPF and electricity demand on coldest hour

1.00c

0.71

0.62

0.59
0.56

0.53

0.45

MNA7 Mo 70



ISsociation

Bivalent fossil-fuel & HP heat sources must be fully integrated into
single CH control circuits. CH = Space & HW

For bivalent fossil-fuel & HP heating circuits, the percentage fossil-
fuel and HP contribution must be clearly stated in the quote

For DHW design purposes, use BS 6700 and take into account the
number and type of points of use

There is a comment about HW cylinders needing larger HX with HPs
Legionella and other bacteria management with HP and HW circuits

e.g. pasteurised for 60 °C for 60 minutes every 24 hours
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Jomestic selection guide

ese recommendations are based on the guidelines in BS 6700
iidance should be sought for unusual applications. Eg: High flow-rate showers, large baths etc.

1ot Water Demand Bedrooms Indirect units Direct units
| Standard Bath Bedsit / 1 Bed B0/90 150
r Shower 2—3 Bed 120 180
3—4 Bed 150 210
| Standard Bath 2 -3 Bed 120 180
3—4 Bed 150 210
| Bath and En-suite 2—-3Bed 150 210
3—4 Bed 150 210
4 —5 Bed 180 250
! Standard Baths 2—3Bed 180 210
3—4 Bed 180 210
4—5 Bed 210 250
3 Bathrooms 3—4 Bed 250 300

4 -5 Bed 250 300



ISsociation

Contractor shall communicate to the customer the running cost of the
system under normal design conditions including:

. Estimated annual HP electricity cost
« Electricity cost of CH & GL pumps, especially any 24/7 pumps

« HL associated with storage vessels (Part L cyl & pipework
insulation)

« Electricity cost of any HW immersion heater usage
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Heat Emitter Guide Customer aware and see

. Room Heat Loss

« Emitter type and emitter temperature (worst room)

« Temperature Star Rating and possible improvement
« Flow temperature

. SPF
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Heat Emitter Guide
for Domestic Heat Pumps

Heat pumps can provide high-efficiensy low-carbon heat for dwellings. Their

per farmance is optimised if low-temperature heat emitters are used for heat
distribution in the house, so this guide aims to help you select an emitter type and
oparating temparatura which will result in high afficienoy and Low running costs

The guide uses a Temperature Star Rating to indicate how efficient the proposed
system is likely to be. More efficient systems are given a higher number of

stars. The maximum is B stars. More stars are given whan lower heat emitier
temparatures are used becausa the heat pump is able to operate more afficiently.

The QuidE pan ba uzad for Zystams with @isding radiaiors.

ar 16 Gasign a NEW heat amAer sysem. & Agw charl has Who produced this guide?
264N dasignad ta Nelp yau thraugh 1ha praass for an
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haa warked bagathar 1o
pracuea tis usatul guiss which is supportad by DECC
and EST Farliciping members are:

n hawkd rooms in 1ha cwelling: the heat pump ap
SPF will ba limiled by 1ha worst parforming raom

I Gukanos Tubks over the paga |3 anmatricd b ReLp yau
achiavs ha mosi sukabla design for tha roomytwealling.

Sgvaral @amgles ara alsa includsd In the guids 1o
llustraba tha advantages of Impraving the ensroy sftickncy W
7y reducing FALEIE and ventilztian heek Less and achisving e, L

owar emIItEr Rmperatres i Loy bind

The GMEIET quiod IS nal a detailed design foal, but is

mandid 1o SHMAIXE 3 prapar raview of fha dwelling- ‘aearﬂa

specitic heal kasd and hast Gmittar dasign, lsadng 12

aptimisad performance and low runing cosis. B
association

HHIC UHMA

Calouizta the hazi Lass for aech raom (i Wi
Heal gz caleulaiians according fa BE EM 12E31
arw racammanded

&

Marw
A you dosigrineg  new hoaling syslen or Looking o use g Usa the Budonca Tasls war ita page
ke axisling on? 10 dasign a new systam

B Extaing

Ho Usa the Guidance Table avar 1ha

You 18t WorK Ot 168 TMpAFIIUTS S0 RN  lly g 10 ptaeming the Tamgocaur
tar Rating

Dosst Ihes o stem bave rstlalone?

&=

Daterming tha rabad aulput af the axisting radistors ai a
mEan Wakar 10 &K tmpcraturs diffarered ot 30T sing
Manutacturees! tabks. Sed nat e

¥

Divide 1ha ratad cutput by tha raom heat loss b
oalerming 1ha Cvarsis Famar:

¥

Usz 1he char! and 1he cakculated Dversae Faohar 1p 0Jierming tha Tamperairs Sar Raling far that rapm.

Heating
Lol SpIs gt
neating 5FF ey
GSHF ASHP fsmp T

G s w g
4 £ 0 it
AT 3D &3 m

U ] 50 Ty
e =

i 1 a0 7y

23 21 e [Nadlam
gvarh
Qvarziza fagtor 10 161824 21 43 B
" +

Frocesd Wioukd pou ke a Highar &
Inestaliatian Tenperiture Star Rallag? Use 1he aising radir cxamplas an
* = ihis paga bo demonstraris iha impact
Mo Ofreducing hani inss and inraasing

radiaior auepul

Tha Wmperaiure Star Raling can be mproved =i

by: Taurine tha roomis fabric and veniizkian

haak (pess; Incrazsing he rivd outpa of tha

hask emifkar by adding or mpiasing radaiors; s the Guklancs Tabld and sxamgles
ar by switching b a diffarant smitlsr typa. T gyarihe page fo invastgats raducing

1ha tahrin srd varkiaiion heat tnes snd
D0 you was b redosi g 11 hoal amilter syatom? Sy
i i - swiohing omitier bypa ard specification

EXAMPLES for EXISTING RADIATOR
SYSTEMS

Calculating the Temperature Star Rating of &n
existing radiator system

AN @ample af 3 pary-nsulgked ream has ben
aaptad fram CIBSE's Domeste Hesting Dazign Buita
The raam s assumed 43 0E 0 Landon (design dutske air
tamperatirs = ~13C) and Indially has single garing.
The hazting is assumed ba be used cantinuaushy.

Rosm bisal logs: 16779

Size of wieling radater: 160mm L, 700mm H, 103mm
D {doutda panet]

Esisking radiabor rated cutput ak MW-AT - 60C: 23498
Existing radiutor ratsd oulput ol MA-AT = 31°C: 2345
X 0829 = 1933N

Calculata the Qvarsos Fackar and Lack up the
Tempsaratura Star Rating an the chart.

Dvarsize faolor: 193801671 2 12

Tamparatuwo Star Ruting: Ine starsl  Yrdrirdrddy
Radislor flow tomparature: ) 607

To tperata 1 thase femparaluras, & specialist st
pumg would 9 required. Yau must therafars take
agtian to ansure sakisfabary oparation.

The examples an fhis paga demensrate iha impact af
Frduing hest lassas Bnd Incrassing radimor Qutput
Use 1he Buldarcs Taba over the paga o mdesign e
amittar rysiom

If 1t atwmal walls hava cavky wall insulation asde
wirtows. arp raplapad with A-ralsd souls glaring, 5
of undarfioar insutatkin is andsd, and tha mom i o
Oraught-pronian, 1ha AT MO TMperaurs G
Ruing Is imprvact

Impreved room hoat Los: 7EN

Mew wearsize Faclor: 19357876 - 2.0

Mow Tamparature Slar Raling: 2 stars e
Fudiator flow temparatwa: 37T

Likaly GSHP heating SPF: 11

Likaly BSHP hoating SPF: 7.4

UPGHRACING THE EXISTING RADIATORS

Upgrading W siging radiier 10 and that has 2 higt
rated tput is andiher way of ircreasing tha Tempar
Gtar Raling

Size of mew radiator: 1600mm L, 7mm H, 135mm |
153 doulila SevEStce WIth Ehe Sama frorkal anas s |
existing radiatar

Mew rudistor ruled oulpul: 33538

Mew oversice faclor: J253/1671 = 20

Mewr Tomporature Slar Raling: 2 stars T
Radiator flow tamparature: t3°c

Likaly GEHP heating SPF: 31

Likely & SHP heating SPF; 2.6
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making changsz 10 & hause. Radisbor flow tampenchun: 437
Likaly BSHP hoating SPF: 37
Likaly ASHP hoating SPF: 31
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Changing tha Aaor cowaring an
UFH can rdued e regquinsd

PESTI0
PESTI0

PESTI0
PESTID

Amitar mparaiLre:

Chanpirg the emier specificalion can meooe he
Mo bamperatune and thaalore inTeasa 5F.

EXAMPLES of systems designed wusing
the GUIDANCE TABLE

Benefils of reducing fabric and ventilalion
hest losses

The prory-insulated axample ream irinaducad on tha

Proat paga has 1ha following Neat Loss and dimansions:

Original rosm hoat loss: 16770

Fiem size: S3mx 2Im = 15Im'

Fioom sproifio heal lese: TETV13Z = 136 Wn'
Fioom sproifio heal less baad: 111 1o 120 Wim?

A highar Temperabura far Rating can ba achisead it
e roam speciic hax lass (n Wn" is raouced.
This is indicated in 1ha Design Table by 1he difamnl
oalour cading far dilerent spacitic hast Ioss bands.
REducing Ehe roam heat Lass 35 i the @aample an
the first page, maves 1ha raom It 2 kawar raam
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Designing ground heat exchangers is a complex engineering problem..... the
installer shall adopt a conservative approach.......

=30kW or incorporate ground loop replenishment through cooling or otherwise, the
installer should undertake the design process making use of specialist
recognised design tools and/or seek advice from an expert.

Software.... validated for UK use...... following parameters are used

a) Site average ground temperatures (or annual average air temperatures).

b) Site ground thermal conductivity values (in W/mK), including...water table depth
c) Accurate assessment of yearly CH energy consumption (kWh)

d) Accurate assessment-max ground power extracted (kW) (i.e. HP evap capacity)

e) Accurate assessment-temp of the thermal transfer fluid entering the heat pump.



ISsociation

The temp of the thermal transfer fluid entering the heat pump shall be designed to
be >0 °C at all times for 20 years.

Simplified design methods, (including look-up tables and nomograms)..... validated
for UK ground conditions and installation practices.....

If proprietary software is not being used, systems <30kW without ground loop
replenishment..... shall use the following procedure to designing ground HX:

Total yearly CH energy consumption (kWh) shall be estimated including

internal heat gains,

solar insolation heat gains

local external air temperature

Building heating pattern used (e.g. continuous, bi-modal, Economy10 etc.)



BSHP Table 3
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timate of total heating energy consumption
er a year for space heating and domestic hot kwh [1]
ater

> heating capacity at 0°C ground return

mperature and design emitter temperature, H kW [2]

[ |
EQ run hours Total heating energy consumptic
1/12] FLEQ run hours = :

Heat pump capacity

| |

timated average ground temperature ) App B for
C (4] Annual mean air temp

BGS — borehole &
horizontal surveys
GSHPA VBS for TRT
App C for rock types

timated ground thermal conductivity

aximum power to be extracted per unit length
borehole, horizontal or slinky ground heat W/m [6]
changer (from the charts and look-up tables),




I;ir:m Mean monthly and annual air temperature /°C (1981-2010)

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec Annual

Scotland (Dyce) 3.5 3.8 5.3 7.2 9.6 12.4 14.6 14.4 12.2 9.1 5.9 3.6 8.5
' Scotland (Stornoway) 4.8 4.7 5.6 7.1 9.3 115 13.4 13.5 11.8 9.3 6.8 5.1 8.6
~otland (Leuchars) 3.6 4.0 5.7 7.5 10.0 12.9 15.0 14.8 12.7 9.5 6.1 3.6 2.8
ders (Boulmer) 4.4 4.5 5.9 7.4 0.8 12.6 14.7 14.8 12.9 10.1 6.9 4.6 9.0
wcotland (Abbotsinch) 4.0 4.2 5.9 8.0 10.9 13.5 15.4 15.0 12.6 9.4 6.2 3.8 9.1
eland (Aldergrove) 4.4 4.5 0.2 8.1 10.9 135 15.4 15.0 13.0 9.9 6.8 4.7 0.4
th-eastern (Leeming) 3.8 4.1 0.1 8.1 11.0 13.9 16.2 15.9 13.5 10.0 6.5 3.9 9.4
th-western (Carlisle) 4.3 4.5 0.2 8.2 111 13.7 15.7 15.4 13.2 10.1 6.8 4.2 0.4
llands (Elmdon) 41 4.1 0.4 8.4 11.5 14.5 16.8 16.5 13.9 10.3 6.7 4.2 0.8
les (Aberporth) 5.3 5.1 0.6 8.2 10.9 12.4 15.2 15.3 13.7 11.0 8.0 5.9 9.9
=nnines (Finningley) 4.2 4.4 0.6 8.6 11.7 14.6 16.9 16.8 14.2 10.6 6.9 4.4 10.0
*ennines (Ringway) 4.5 4.6 6.6 8.7 11.9 14.5 16.6 16.3 14.0 10.6 7.1 4.6 10.0
t Anglia (Honington) 4.1 4.1 0.5 8.0 11.9 14.8 17.3 17.2 14.6 11.0 7.0 4.4 10.1
ith-eastern (Gatwick) 4.3 4.4 0.7 8.7 12.0 14.9 17.3 17.0 14.3 10.9 7.1 4.6 10.2
ithern (Hurn) 4.9 4.9 0.8 8.7 12.1 14.8 17.0 16.8 14.4 11.2 7.6 5.2 10.4
ern Valley (Filton) 5.0 5.0 7.2 9.2 12.4 15.3 17.3 17.1 14.7 11.3 7.8 5.3 10.6
ith-western (Plymouth) 6.4 6.2 7.7 9.3 12.2 14.6 16.6 16.7 14.8 121 9.0 7.0 11.0

5.2 7.6 9.9 13.3 16.4 18.7 18.4 15.6 12.0 8.0 5.5 11.3

mes Valley (Heathrow) 5.2




~onsolidated rock

id Sediments

gmatites

ramorphic rock

Type of rock

Thermal conductivity (/W/mK)

Min Max Recommended
Sand, dry 0.2 0.8 0.4
Gravel, dry 0.4 0.5 0.4
Peat, soft lignite 0.2 0.7 0.4
Clay/silt, dry 0.4 1.0 0.5
Clay/silt, water saturated 0.9 2.3 1.7
Gravel, water saturated 1.6 2.0 1.8
Claystone, siltstone 1.1 3.5 2.2
Sand, water saturated 1.5 4.0 2.4
Hard coal 0.3 0.6 0.4
Gypsum 1.2 2.8 1.6
Marl 1.5 3.5 2.1
Sandstone 1.2 5.1 2.3
Conglomerates 1.3 5.1 2.3
Limestone 2.5 4.0 2.8
Dolomite 2.8 4.3 3.2
Anhydrite 1.5 7.7 4.1
Salt 5.2 6.4 5.4
Tuff 1.1 1.1 1.1
Vulcanite, _alkaline to e.g. andesite, basalt 1.3 2.3 1.7
ultra-alkaline
Plutonite, alkaline to Gabbro 1.7 2.5 1.9
ultra-alkaline Diorite 2.0 2.9 2.6
i i 2

Vulcanite, acid to e.g. latite, dacite 2.0 2.9 2.6
intermediate e.g. rhyolite, trachyte 3.1 3.4 3.3
Plutonite, acid to Syenite L.z 3.5 2.6
intermediate Granite 2.1 4.1 3.4
Slightly metamorphic Clay shale 1.5 2.6 2.1

Chert 4.5 5.0 4.5

Mica schist 1.5 3.1 2.2
Moderately to highly Gneiss 1.5 3.1 2.2
metamorphic Marble 1.2 3.1 2.5
Vuleanite, acid to Amphibolite 1.9 4.0 2.9
intermediate e.g. rhyolite, trachyte 2.1 3.6 2.9

Oyimr=ira cn & n C

Sand, dry

Grawel, dry

Peat, soft lignite
Clay/silt, dry

Clay/silt, water saturated
Gravel, walker saturated
Claystone, siltstone

Sand, water saturated

Hard coal

Gy psum

MNarl
Sandstone
Cornglomerates
Limestone
Dolamite
Anhydrite

Salt

Tuff

Andesite, Basalt
Gabbro

Dierite

Latite, Dacite
Rhyolite, Trachyte
Syenite

Granite

Clay shale
Chert

Nica schist
Gheiss
Markle
Amphibolite

Rhyalite, trachyte

22

X

2

EXS

26

EXS

21

22
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for different rock :'_rpas (W/miK)

Sand (water-saturated)

Granite

i

Sand (dry)
Claylsilt (dry)

Clay/silt (water-saturated)

=
o

Sandstone

slates and shales)

Claystone, siltstone (inc,

Maximum power to be extracted per unit length of borehole heat exchanger (W/m) w
1800 FLEQ run hou

Conditions for u

Heat extraction cnly {inc. hot wa

6m minimum borehole spacing. Only valid for boreholes arranged in a line; not applicable for a large number of systems in a small 2

Table created assuming: 130mm borehole diameter; single U-tube; 32mm OD SDR-11, PE100 pipe with thermal conductivity = 0.420W/m/K; 52mm pipe centre-pipe cel
shank spacing; 25% Mono Ethylene Gylcol thermal transfer fluid; Re = 2500 in the borehole active elements; thermally enhanced grout with thermal conductivity = 2 4Wih
Assumplions result in borehole thermal resistance = 0.1 m.EAWY at 12°C mean ground temp. and 2.5W/miK average ground thermal conduct

5.0+
g {1 34 38 43 48 52 57 62 67 72 7
54.0—
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EE.U—
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Mean ground temperature (=C)
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I
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oo "oeel 2 §iS 5 I %
w w -
2% Fes Y & § ¢
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ig = Maximum power to be extracted per unit length of horizontal ground heat exchanger (W/m) w
5 E 1800 FLEQ run hot
g3 Conditions for
E E Heat extraction only (inc. hot w
= £ 0.75m minimum pipe spacing (d = 0.3
] Pipe depth between 0.8m and -
o & Table created assuming 25mm OD SDR 11
= 404 Table created assuming a relationship between the mean monthly temperature swing and annual mean ground temper:
z
E 361
Eg ’é 324
EE 3
g‘é % 2181
5y 3
i% 24 T 247 95 13 15 18 21 23 26
g% T
%ﬁ E 20 a7 11 14 16 19 20 23
w8 | E
%E i 5 167 7.7 10 12 14 16 18 20
=3 =
EE % 1.2 6.2 79 97 11 13 15 16
3 a2
: s 45 5.5 6.9 8.1 9.4 1 12
[
g 0™ 04 28 34 42 49 5.6 6.3 6.8
[l
2 = 60 70 8.0 %0 10.0 1.0 120
3 = Mean ground temperature (*C)
L
T 13IIE ; E”E t|I II\_E -EIJIJIE“:\Eé -L T :I- 1
B5 5 £31ed iSfeeii 30 ¢ 3
558 sBie 7088 ¢ f g
530 SEf =Y 5§ )
3 b3 0 " m £

EBlasis smasiial 3te comsamoarasiimrn fTasr LI somiamce Fe6™ Y
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ig = Maximum power to be extracted per unit length of slinky ground heat exchanger trench (\W/m) w
= 1800 FLEQ run ho
B3 Conditions for 1
E E Heat extraction only (inc. hot w
= E 3m minimum trench spacing (d =
"'-é, 2 Mean slinky depth betwsen 0.8m and
08 Table created assuming 32mm OD SDR 11
P 4.0+ Pipe length to trench length ratio, Rge =z 4. For a 900mm slinky diameter this comesponds to a maximum 1250mm slinky
§ Table created assuming a relationship between the mean monthly temperature swing and annual mean ground temper,
E 364
-
g g
=¥ E 321
EE 3
2 "é % 281
5 =
58 2% 240 35 45 53 61 69 76 84
g% H
=y $ 20 32 40 47 o4 61 67 73
& E E
% g i 5 16 28 34 41 47 952 58 63
=3 =
y -
E 8 E 1.2 22 27 32 37 42 47 51
=
a2
: 0s{ 16 19 23 26 30 34 36
[
u
€ s 04 98 1 14 16 18 20 21
ol
2= L L J f T T !
2 5 6.0 70 80 90 100 1.0 120
3 = Mean ground temperature (*C)
o T T T TT T =T 1T T T T T 1
Es = =g B =X R E ]
SRR RS
fmﬂ @5 EE-_E. = &"fﬁzm ﬁ = E
z % = %55 w2 ﬁ 2 &
3 @ » F

Mazm ammial a3t foamsarasara far LIK raciasmc o5y



BSHP Table 3

ISsociation

timate of total heating energy consumption
er a year for space heating and domestic hot kwh [1]
ater

> heating capacity at 0°C ground return

mperature and design emitter temperature, H kW [2]

[ |
EQ run hours Total heating energy consumptic
1/12] FLEQ run hours = :

Heat pump capacity

| |

timated average ground temperature ) App B for
C (4] Annual mean air temp

BGS — borehole &
horizontal surveys
GSHPA VBS for TRT
App C for rock types

timated ground thermal conductivity

aximum power to be extracted per unit length
borehole, horizontal or slinky ground heat W/m [6]
changer (from the charts and look-up tables),




BSHP Table 3
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\ssumed heat pump SPF (from heat emitter
Lide)

Viaximum power extracted from the ground (i.e.
he heat pump evaporator capacity)
3 = [2]1*1000%(1-1/[71)

ength of ground heat exchanger calculated
1sing the look-up tables

b [BIK[E]

Jorehole, horizontal loop or slinky spacing, d

otal length of ground heat exchanger active
lements, Ly = [9]*Rpe

‘otal length of ground heat exchanger active
lements installed in the ground, L'

m

(8] !
1 (l ~ SPF
o G
g

[1o0] A= Lyd

[11] LIJ — LEJR;HI

Rpt = 2 — boreholes,
1 - horizontal & min pipe
length to trench length slink

[12]



o HP
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Shall ensure.... turbulent flow.... Reynolds number.... should be = 2500

Geological situation on drilling or digging show substantial deviation.... design
ground HX.... recalculated

Hydraulic layout of the ground loop... pumping power... < 2.5%.... HP capacity

Turbulent

\J\_} 5
e = i

Laminar
- - -
— — —
i — —>
— —— —




HP always following manufacturer's instructions

ASHP - Avoid air recirculation......

ASHP Permitted Development rights (England and Wales) MCS 020 — comply with
Planning Standards.



BSHP Commissionin
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Closed-loop ground heat exchangers

The following commissioning procedure shall.......

Ground arrays (including header pipes and manifolds)....

flushed as one system to remove all debris and purged to remove all air.....

shall flush vertical and horizontal ground arrays in both directions....

should flush slinky ground arrays in both directions.....

HP (and its pipework) shall be isolated from ground HX during this process....

HP (and its pipework) shall be flushed & purged as another system, in isolation....

Once the ground array is free from debris and visible air bubbles/pockets, purging
should continue on the entire system.... at least 15 minutes with a minimum
flow velocity of 0.6m/s.... see Table 4



BSHP Table 4
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ipe outer Recommended flow rate for flushing and initial Minimum flow rate for

iameter purging purging micro air bubbles

mm after flushing and initial
Horizontal ground arrays  Slinky ground arrays All ground arrays (0.6m/s)
(1m/s) (1.5m/s) [litres/min
[litres/min [litres/min

5 20 30 12

2 32 48 20

0 50 76 31

0 79 118 48

5 133 200 81

Table 4: Flow rates required for different pipe diameters to achieve 0.6m/s flow velocity for purging micro
air bubbles; 1m/s for flushing and purging horizontal ground arrays of debris and visible air bubbles; and
1.5m/s for slinky ground arrays. Parallel loops or layouts with variable pipe geometry may require higher

flow rates to achieve these flow speeds.



BSHP Commissionin

ISsociation

Once purged.... shall.... pressure test.... entire ground source HX to BS EN 805
section 11.3.3.4

Antifreeze.... freeze protection down to -10 °C

Antifreeze quantity and type.... appropriate for the system design.... flow rate....
viscosity.... choice of ground array circulation pump.

Quantity of biocide recommended by the antifreeze manufacturer/supplier... added
2 separate, random samples.... refractometer tested.... confirm -10 °C....
Evidence should be provided to the customer that this has been achieved.

The Ground Source Heat Pump Association “Closed-loop vertical borehole design,
installation and materials standard” (VBS) .... further commissioning guidance




BSHP Documentation
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a comprehensive documentation pack.... Including....
e Sizing

e Domestic hot water services

e Emitter design

e Ground heat exchanger design

e System performance



BSHP Documentation
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fem Included Not Comments
included

>1Zing

Jetails of the heat loss calculations made on the building, including the

alue of the heat loss coefficient determined for the building, the L] L]

lesign internal and external air temperatures and average external air
emperature used for heat loss throuagh the floor.

‘he heat pump power output at the design ambient temperature and

lesign emitter temperature. L] L]
or air-source systems, evidence that the energy requirements of the

eat pump's defrost cycles can be met inside the design temperature L] L]
ange.

or installations where other heat sources are available to the same
uilding, what proportion of the building’s space heating and domestic L] L]
ot water has been designed to be provided by the heat pump.

Jomestic hot water services
-vidence for the choice of domestic hot water cylinder. (] (]

~mitter design

‘he heat pump power output at the design ambient temperature and
lesign emitter temperature. L] L]

| specific room heat losses (in W/m2);




A well designed, installed,
commissioned and maintained
GSHP system is:

e Cheaper than Gas, Oil, Wood, Coal or Economy 7
e Has no Carbon Monoxide or flueing issues

e Easily achieves a 10% or much more RE target

e Can heat and cool the building

e Compatible with Domestic Solar Hot Water
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