ased Design for
GSHPs —
“Horses for Courses”

GSHPA Energy Expo — Stone — Sept 2017

Robin Curtis — GeoScience Ltd

— e ——
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Robin — on “MCS”
why / how / what / when / where

Chris — on “not-the-MCS” approach
why / how /when /where

GSHP
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- Background setting
- Underlying reasoning & approach
- The MIS-3005 design “products”

- Focus on the ground loop sizing &
- Hydraulics

GSHP
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for Domestic GSHP installations
in the UK

Robin Curtis & Tom Pine - GeoScience Ltd.
Chris Wickins - UK Dept. of Energy & Climate Change

EGC — Pisa June 2013

GSHP
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1st UK Closed Loop GSHP Domestic
installation
1995 Devon (~8kW)

22 years - 15t routine maintenance/inspection this year.
(apart from air-filter changes)

GSHP
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Background




ma_-..r The “infamous” EST study

Getting warmer: a field trial of ..the intentions

heat pumps

The Energy Saving Trust ..the unintended consequences

®> GSHP

energy saving trust’ assoclation




DECC steps In.......




For all heat pumps (ie ASHPs and GSHPs):
Improve building heat loss estimation
Produce a Heat Pump Emitter Guide

Require ~ 100% heat pump sizing
(for mono-energetic systevrns)*__ |

P — e ———

T s

- e N ]

GSHP
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Specifically for GSHPs -

New guidance for ground loop sizing

Guidance for hydraulic design

e ————————
=
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Building thermal loads

Heat pump / SPF
Flow rate / min EWT

Available space Ground parameters

Code - for say, 20 years

Total ground loop length
+ spacing

Hydraulics — SPF2?

|

Costing

GSHP
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Heat loss / energy ?




closed loop GSHPs—
“THE” fundamental
difference

(compared to all fossil fuel boilers, direct electric, and ASHPs )

GSHP
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Heat
generator

v V Vi

Conventional — non GSHP heating

e ————————
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>|

Heat
generator

GSHP heating
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Other than:
1) FLEQ’s
Annual kWh / heat pump size kW

Ground impact ?

2) Estimated SPF (heat emitter guide)

Ground impact

e ————————

assoclation




Ground loop sizing /
design




Conservative

Simple — available to all

Paper based — no HW/SW version issues
Domestic heating + DHW only (<45kW)
To obtain acceptable SPFs

Not the best or cheapest

GSHP

assoclation




European manufacturers’ software

VDI 4640
The well known ROT method

Concerns ? Relevance to UK conditions ?

e ——
GSHP
assoclation



100% sizing — for mono-energetic systems

Minimum entering water temperature
(EWT) O°C
(after 20 years) — to maintain SPF

GSHP

assoclation



single 32mm U-tube, specified borehole resistance,
minimum spacing defined

Variable parameters:

Ground equilibrium temperature
Thermal conductivity
Annual thermal loads (Run hours / FLEQ)

GSHP

assoclation




GEOLOGICAL MAP
OF THE

BRITISH ISLANDS

BASED ON THL WORK OF THE GEOLOGICAL SURVEY.
W LMTION (s

for all UK

geology
&

climate
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Over a (UK relevant) range of k, ground temperature
and FLEQ

Run: EED, GLHEPRO

Make some check comparisons with VDI 4640 and GLD.

GSHP

assoclation
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Clay/silt (water-saturated)

slates and shales)

Claystone, siltstone (inc.

Sandstone

Maximum power to be extracted per unit length of borehole heat exchanger (W/m) with
3600 FLEQ run hours

Conditions for use:

Heat extraction only (inc. hot water)

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

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 centre
shank spacing; 25% Mono Ethylene Gylcol thermal transfer fluid; Re > 2500 in the borehole active elements; thermally enhanced grout with thermal conductivity = 2.4W/m/K

50 Assumptions result in borehole thermal resistance = 0.1 m.K/W at 12°C mean ground temp. and 2.5W/m/K average ground thermal conductivity
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onventiona Style 100pS (>erpentine) , an

Fixed parameters: Geometrical layouts and pipe sizes
defined.

Variable parameters:

Ground equilibrium temperature

Thermal conductivity

Annual thermal loads (Run hours / FLEQ)
+ Temperature “swing” and depth

GSHP
association




J. H. Lambert, Pyrometrie (Berlin, 1779). B -1 &

assoclation



Mean annual temperarture swing (°C)

16.0 1

) 14.7
E Pennines 3
East Anglia B
- North-eastern s
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NE Scotland cotian P ® South-eastern
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8.0 - Region Monthly mean temperature Monthly mean temperature
! (C) swing (I°C)
NE Scotland B8.48 11.1
NW Scotland 8.56 8.8
6.0 - E Scotland B.76 11.4
) Borders 9.04 10.5
W Scotland 9.08 11.6
N Ireland 9.35 11.0
North-eastern 9.42 12.4
North-western 9.43 11.5
4.0 Midlands 9.78 12.7
Wales 9.88 10.3
E Pennines 9.98 127
W Pennines 10.01 12.1
East Anglia 10.13 13.2
2.0 - South-eastern 10.17 12.9
E Southern 10.35 12.2
Severn Valley 10.63 123
South-western 11.04 10.5
Thames Valley 11:31 13.5
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Mean annual air temperature (°C)



Over a (UK relevant) range of :

k, ground temperature and FLEQ

Run: CLGS

Make some check comparisons
with VDI 4640 and GLD.

GSHP

assoclation
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5
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for different rock types (W/m/K)

Recommended values and ranges of thermal conductivity

.2
F’S

Sand (dry)
Clay/silt (dry)

.0 (02/09/2011)

Sand (water-saturated)

o
@

Ground thermal conductivity (W/m/K)

Maximum power to be extracted per unit length of slinky ground heat exchanger trench (W/m) with

4.0

3.6 1

3.2

2.8 1

2.4 1

2.0 1

0.8 1

0.4 -

2400 FLEQ run hours

Conditions for use:
Heat extraction only (inc. hot water)
3m minimum trench spacing (d =2 3m)

Mean slinky depth between 0.8m and 1.2m
Table created assuming 32mm OD SDR 11 pipe

Pipe length to trench length ratio, Ryt 2 4. For a 900mm slinky diameter this corresponds to a maximum 1250mm slinky pitch
Table created assuming a relationship between the mean monthly temperature swing and annual mean ground temperature

27 34 40 47 52 57 63
24 30 36 41 46 50 55
21 26 30 35 39 43 47
16 20 24 28 31 35 38
12 14 17 19 22 25 27
7.0 8.2 9.9 11 13 14 15
6i0 7:0 8i0 9:0 | 0'.0 | II.O | 2..0
Mean ground temperature (°C)
| S T £ A
Mean annual air temperature for UK regions (°C)



Hydraulics design
of closed loop GSHPs

e ————————
—
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The challenge !

An oversized circulation pump
consumes electricity!
Ruins performance!

GSHP

assoclation



3.50
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3.40

3.35

3.30

SPF
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Effect of ground loop circulation pump on SPF

—#—9 reduction in SPF  —*—Reduced SPF
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T -2.00%

T -3.00%

T -4.00%

COP (%)

T -5.00%
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T -6.00% .

T -7.00%

Reduct

T -8.00%

T -9.00%

Pump power as % of compressor power

-10.00%
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Pressure drop
components:

1) Active element(s)

2) Headers

3) Heat pump

4) + contingency/fittings

GSHP

assoclation



yvdraulics -
fixed parameters

e Heat pump flow rate
 Non-laminar — (transition zone)
* min % Anti-freeze

GSHP

assoclation




e variaples

Borehole/loop lengths vs number
Pipe diameter

Borehole pipe configuration (1U / 2U)
Header arrangements

GSHP

assoclation



Closed loop GSHP Hydraulic Sizing Flow Chart

Normal
~30%

‘

Heat pump thermal output H

Permitted
Pressure
Drop
80kPa
(PPD)

Circulating pump efficiency ?

Initial estimate of allowed
pressure drop for complete
ground loop circuit (kPa)

L

Look up heat pump pressure
drop (kPa) = Php

High
~50%

Permitted
Pressure
Drop
130kPa
(PPD)

q—l

Use appropriate "Active
Element" graph to compute
pressure drop in one parallel
active element (kPa) = Pa

i

y

Use appropriate hydraulic
sizing graph(s) to compute
pressure drop in header
pipes (kPa) = Ph

Change no of
active elements
and lengths or
change pipe

!

diameter(s) or
change

PD = 1.15*(Php+Ph+Pa)

antifreeze
Y

Use
higher

is PD <PPD ?

Go to pump manufacturer's
pump selection.
Check pump electric input
power < 2.5% of heat pump
h | H

efficiency
pump

GSHP
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System curve + pump curve

N
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N
o

= System curve
= Pymp curve

=
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=
o

Pressure drop or Head

O 7 I I I I I
0 2 4 6 8 10 12

Flow rate
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2) pressure drop charts

3) accompanying design guide

for: 2 pipe types
2 antifreezes
2 freeze protection limits
@ various pipe diameters

GSHP
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paper.

Methodology should be applicable to any other
country / region.(?)

Awaiting incoming criticism /comment/exocets >

>>>> Revision / update

GSHP

assoclation







But — if you want to get more
advanced..............

listen in..........

e Thank you.

assoclation
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Ground Loop Design

& the limits of MIS 3005




=g J
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0800-1200

1200-1600

1600-2000

2000-0800

EqFLH

142.0

59.7

59.7

59.7

2,896

I T T

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

Dec

Total kWh
0

O O O O o o o o o o o

Peak kW

Total kWh

54,628
52,137
48,869
40,931
28,791
19,141
13,693
14,160
18,207
29,258
41,242
49,491

Peak kW
142

GSHP
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COP = kW, / kW,

A kKW
KWz = KW + kW,

assoclation



MIS 3005 Design Software

e Assumes you calculate the e Holds data for,
COP at the design condition .
and apply that to the
building load

e So it returns Heat of
Extraction

* No corrections for flow
rates

frarm-niit
RERCIRE]

Source temperatures
Load temperatures
Source flow corrections
Load flow corrections
Heat Pump limits

e Extrapolates & Interpolates

o~ = o~

hhichad A
PDHSTICEU Udld s

GSHP
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MIS 3005 Design Software

* [nputs, * [nputs,
e Undisturbed Ground e Undisturbed Ground
Temperature Temperature
e Conductivity e Conductivity
e Fixed, e & Conductivity Averager
e Diffusivity * Diffusivity

e & Diffusivity Averager

GSHP
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MIS 3005 Design Software

e Basically all fixed, * Inputs,
e 130mm bores e Circulation Pump Loads
e 32mm pipes e Fluid Properties
e 95% MEG * Pipe Diameter
. .  Placement in Bore
e Limited horizontal : .
obtions e Horizontal geometries
. TLFJ)rbuIent © b Ppipe, 4 pipe etc

* Grout properties

GSHP
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In MIS 3005 World In the Real World

GSHP
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e Block of Apartments
e 142 kW, 2,896 EqFLH

 MIS 3005
e 24 x 169m
* 6m spacing

e Actual Design
e 24 x193m
e See layout right

GSHP
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e Exceptions to the MIS 3005 tables do exist
e Know the limits of look-up table “design”

e Look out for the warning signs

e Pipe is cheap!

e Keep your spacings up — Borehole & Slinky Pitch
e Consider further training

* Please, Please, Please ask for help

T ——
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