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There are a number of basic types of Ground Energy System. GROUNDWATER SPECIALISTS
1) CLOSED LOOP

2) OPEN LOOP

3) OTHER, e.g. Energy Piles, Rivers, Walls, etc

CLOSED LOOP

This is by far the most common system. A fluid variously called ANTIFREEZE, HEAT TRANSFER FLUID, OR
BRINE is pumped around a network of pipes laid below the ground. A temperature gradient is created in
the surrounding ground that allows heat to flow to or away from the network of pipes. The network of
pipes can be in a series of boreholes or pipe coils laid in trenches or a combination of both.

OPEN LOOP

These systems rely on high groundwater flows and are restricted to sites overlying a suitable aquifer that is
not also a protected source of drinking water. Instead of using a special fluid, GROUNDWATER is pumped
out of a borehole, or series of boreholes, and through the HEAT PUMP before being injected into another
set of boreholes or discharged to a water course above ground.

RELATED SYSTEMS

HEAT PUMPS can also be used in connection with Closed Loop Systems installed in LAKES and Open Loop
Systems using RIVER WATER. These are not strictly Ground Energy Systems. Passive Cooling Systems
using Lakes and Rivers have been used for a very long time. Ancient Egypt and Babylon had palaces,
temples, and food stores cooled in this way.
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Theory

But how do heat pumps work?
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Theory

HEAT PUMP CIRCUITS
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Theory
A Ground Source Heat Pump

Abstracts low temperature energy from the ground

via ground collectors :

Trenches Boreholes




The pipes join
up and enter
the plant room.
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Minister praises
region’s green
campaigners

CLIMATE Change Minister
Ed Miliband praised North-
East environment campaign-
ers during a visit to the re-

on.

Mr Miliband said he was
very impressed by Climate
Durham, a green coalition of
residents, business and other
groups, describing it as an
“excellent organisation”.

The Secretary of State for
Energy and Climate Change
was speaking after an hour-
long question-and-answer ses-
sion with more than 100 peo-
ple in Durham Town Hall.

He said: “My message to
people is: get involved in
Durham. It's about going
green but also about a sense
of community.”

Janie Bickersteth, chair-
woman of Climate Durham,
said Mr Miliband's visit was

an endorsement of its com-
munity action.

“He was very keen to stress
individual actions do make a
difference,” she said.

“He really listened to the
gquestions, in particular from
the schools, which I'm really
pleased about.”

Mr Miliband was joined by
Durham City MP Roberta
Blackman-Woods. She said: “1
have supported Climate
Durham since its foundation
and believe we are very lucky
to have an organisation like it
here in our area.

“They are striving to make
the issue of climate change
both everyday and real for
people.”

Mr Miliband also visited
OGI Groundwater Specialists,
in Meadowfield, near
Durham.

VISIT: Government minister Ed Miliband, left, with Stephen Thomas, managing director of OGI

Groundwater Specialists Picture: CHRIS BOOTH
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For larger buildings with less ground, boreholes are required




Ground Source Closed Loop Borehole Field
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The first task on any Ground Energy Project is to carry out a Desktop Study to evaluate the
underlying Geology. This will have a big impact on the amount of Heating and / or Cooling that
can be provided. The System Design will have to be modified for features below ground.

These illustrations are from two sites for the same client that had completely different geology.
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Thermal Response Test
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A Thermal Response Test tells us how fast the Heat
will flow into our collector pipes.

For the Test we put Heat into the Ground and work
out how long it takes to dissipate.



Ground Source

Ground Source

Closed Loop

Drilling
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Ground Source @

Medical
Centire

Ground
Source
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Ground Source @

Grouting Stage
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Temperature ("C)
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Temperature in Heating Borehole During Test - Earls House

The results of the Conductivity when presented as raw data...

GROUNDWATER SPECIALISTS



Temperature [°C)
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...but after analysis provide us with the results we need to start designing

the Ground Energy System.



Ground Source - Design
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Ground Source - Meticulous skill & care is critical

Electrofusion of heat
transfer pipes to the
vertical heat
collector pipes

OGI Groundwater Specialists Ltd. www.ogi.co.uk



Ground Source

Separation of
pipes is critical

OGI Groundwater Specialists Ltd. www.ogi.co.uk



Ground Source @

Fusion at the
manifold
chamber is
also critical

OGI Groundwater Specialists Ltd. www.ogi.co.uk



Ground Source

Fusion at the

manifold
chamber is
also critical

OGI Groundwater Specialists Ltd.

www.ogi.co.uk



Ground Sovurce

Choice of manifold
chamber is important

OGI Groundwater Specialists Ltd. www.ogi.co.uk



Ground Source

Manifolds can be
inside the building

OGI Groundwater Specialists Ltd. www.ogi.co.uk
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Peak Heat vs Base Load

M Building Heat Demand @ 700kW GSHP supply

1200 -
1100 -
1000 -
900 ] GAS
. Top-u
EE 800 - ( %. p)
=i 2
2 700
£ 604 GROUND
& so0 - SOURCE
E 400 - (Base Load)
T 300 |
200 -
100 -
0
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Jan Jan Jan

Time (2 week period)

OGI Groundwater Specialists Ltd. www.ogi.co.uk



GSHP Peak Supply as Percentage of Peak Heat Demand
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Ground Source Heating & Cooling Project — Durham, UK

Lanchester Road Hospital
Durham, UK
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The layout of the Source Field is key to the successful
"4 operation of a Ground Energy System.

; ~ In this case maximum aavantage was taken of a large
sheltered courtyard on a gentle slope facing South.
Pipes returning to the Ground collect Solar Energy as
they run across the centre of the Courtyard in trenches.
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Combining the Test Results with the Geography of
the Site allows us to predict the way that Heat will
flow into the Collector Pipes from the Source Field.
This modelling process helps us to design the
optimum borehole and trench layout.
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With the Ground Conditions and size of Source Field ~"A
Established various options can be considered for the ( C—jj
way Ground Energy is used in the building: R oy

SPACE HEATING

Ground Energy is a low grade form of Heat and is best supplied at Low Temperatures, typically below 45°C.
This requires Large Surface Area Emitters such as Underfloor Heating.

Efficiency is improved if the Heat Pump modulates the temperature of the emitter to take account of
seasonal variations in the outside temperature.

HOT WATER HEATING

While Ground Energy supplies water at the right temperature for washing, domestic hot water systems
normally operate above 55°C to protect against the growth of bacteria in distribution pipes.

The most efficient way of using Ground Energy to produce Domestic Hot Water is in combination with
another heat source. On smaller systems requiring intermittent sterilisation this can be an immersion
heater: on larger systems a biomass or gas boiler may be a better solution.

COOLING

The Ground is normally cold enough to provide cooling without use of the Heat Pump exhaust.

This is Passive Cooling.

When the Heat Pump is producing heat it will also generate cooling through its exhaust.

This is Active Cooling.

If no Heat is required at the same time as Active Cooling, a Heat Dump is required.

The Ground can be used as a Heat Dump, in which case Seasonal Heating Efficiencies are improved.

Lanchester Road Hospital has SPACE HEATING and PASSIVE COOLING.



Boreholes are frequently drilled
before any other work starts on site:
in almost ideal conditions
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| Conditions are never ideal when the time
8 comes to connect to the borehole loops.
e B They must then be relocated and cleaned i T
out before trench pipes can be connected.
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Laying the Trench Pipes presents new challenges and
hazards: Large Pjpe Coils have to be manoeuvred
amongst mounds of excavated and bedding material




S : Where pipes approach the Manifold they become very

Nk congested and separation of Flow & Return Pipes is
oL I e AR essential. Detailed Design reduces the amount of time
— W™ spent on site and wastage of materials, and maximises

efficiency of the system.
On this project it was also necessary to position ducts
below the building for pijpes running between the

Source Field and the Manifold.
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The Final Installation can look very neat before it is buried
but the practicalities of forming pipe connections in muddy ground
amongst other services should never be underestimated. CROUNDWATER SPECIALISTS
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The working conditions during construction (above) might not provide : ~
any idea of what to expect during a subsequent maintenance visit (right). e



Once the Source Field is complete, all pipes must be
we pressure tested, flushed, sterilised, and filled with
antifreeze ( Heat Transfer Fluid ).

OGI have developed equijpment to perform these
functions in unpredictable and highly variable site
conditions.

GROUNDWATER SPECIALISTS
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The Ground Energy Source Field
vanishes beneath a landscaped courtyard

—— L el G s N

¥






LANCHESTER ROAD HOSPITAL (ACTIVE COOLING)
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With the ground works designed and in many
instances complete, attention is turned to the
inside of the building and coordination with the
rest of the mechanical and electrical services.

The first task is to establish how much space in the

plantroom the Ground Energy System will occupy.

The sketches below & right identify key pieces of

equipment with sizes where known.

It [s important to obtain as much space as possible

at the outset. Not only will some pieces of
equipment turn out to be larger than expected,

space will almost certainly be robbed to provide for

unrelated functions.
In this case a Control Panel and a Pressurisation
Unit occupied a large part of the area.

ACEERE COMDOR

Coaing Sysier
Fomapy are) bimtees

LOWRED DOCRS FOR LOW LEVEL
VENTILATION. HICH LEVEL VENTILATION
THROUGH EXTERNAL LOUVRE. REFER TO
ARCHITECTS ELEVATIONS FOR DETALS

Ground loop connection /,
i

50 lit. expansion
vessels

ur’ o
] I Route of pipework g
| . Heat B g
| pump | 3%
_ £s
! «——>O«—> | %UO mm sz
| 900 mm 900 mm g g
1300 mm
ACCESS ROUTE ¢
r G700 mm 1200 mm
| ‘
F —— Ry T o e T _l
0| i E I"'\I Fany Pt Ve
™ \ BR /BR i
5 - 81 e e @
= | pmwlwvgi @ I
— »\:—,- & 8(1}1& PRMARY | —/ N @ = -
:[ - I LTHW .1 H8 i (Pj U1/ 0 (L) | |
Y EE 4 S o meTuen e
= |
_i ow M & () '
O Le——1%" ) I
1 o ) - 7= !

@ OO U [ == NI +
b= EOILER SHUNT o - I UE CONNECTIONS
B U . ey o e e e date)| | R

=S
Faen

nnnnnnnn

e |

PLANT OF DTHERE

Ho0a

GROUNDWATER SPECIALISTS



GROUNDWATER SPECIALISTS

D)m 1

Il

The Plantroom Schematic is
essential for showing mechanical
engineers where to fit isolation and
non-return valves in relation to the
major components.

Once pipes are installed the
electrical engineer can start to
layout trunking and condluit.



LANCHESTER ROAD HOSPITAL (PASSIVE COOLING)
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This view of the plantroom close to completion shows a complete array
of equipment. The black top bottom left belongs to a pressurisation
unit supplying top up water to the hot and cold distribution pipes.
Behind that are expansion vessels and the chilled water buffer tank clad
in silver, with connections incomplete. The red panels to the right
belong to gas boilers, with the mechanical services control pane/
behind. The pale grey hot buffer tank conceals most of the Heat Pump
that has front and top panels removed.

The back of the Heat Pump is where
all connections are made.

The blue plates behind belong to the
90kW Heat Exchanger used to provide
active and passive cooling.

Everything in this view was clad in
thick insulation after pressure testing.
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- G Q Terminal Block XEB L2

Het Tank il Circulation

X1 - X4 v
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i Cooling
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il HR 10 Relay Wilo SE IPL 404130
i Flow to Heat Dump in separate Al 22 kW
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Extemal Brine Pump rase Supely 2200, OM i 1 128 Lais 1
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04 Sering Curert information. In most instances a competent
electrical engineer will be able to work
directly from the manufacturer’s Installation
Manual and Wiring Diagrams.

This non-standard solution allows for passive In this instance a specialist cooling

and active cooling to operate at the same requirement made the issue of a detailed

time as heating or independently. connection diagram essential.
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w 7his is not work for the self appointed expert.

. The NIBE Heat Pump is a piece of leading edge
technology and with the top cover removed can
prove intimidating to the uninitiated.

A cool head and nimble fingers are required to
ensure that the correct logic is applied when
making external connections to sensors, pumps,




The Energy Resource within the Ground is not infinite. ~'A
Most of the Heat comes from the Sun in the form of ( C—jj
radiation absorbed by the Ground during the Summer. G R
During the Winter the Ground Temperature will fall steadlly.

Ground Energy Systems must be designed to ensure a

balance between different seasons.

HEATING SEASON
In the Autumn the external temperature will at some point drop below the desired internal temperature.

This is the start of the Heating Season, when the Heat Pumps are at their most efficient.
As the Winter progresses the efficiency of the Heat Pump will gradually reduce.
When Heating demands are high, it is normally sensible to have another source of heating available.

COOLING SEASON

The demand for cooling in theory starts when there is no longer a demand for heating.

In practice there may be an overlap when both are required, or a long period when neither are needed.
When Active Cooling using the Ground as a Heat Dump is used, the Cooling Season will be reduced but a
longer Heating Season can be sustained with higher efficiencies.

Passive Cooling will also replenish the Ground Resource, but at a much slower rate.

DEGREE MINUTES
The Heat Pump is designed to monitor the rate at which Heating and Cooling occurs using DEGREE

MINUTES, and maintain a running total of the amount of energy consumed and supplied.
This information is used to switch compressors and circulation pumps on and off in a pattern that ensures

maximum efficiency.
Efficiency is reduced if the Heat Pump is switched on or off and this data is lost as a result.



Heat Demand (kW)
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The Heating Demand for Lanchester Road Hospital provided by the Services Engineer
shows a Daily as well as Annual Cycle. Although this graph is produced to demonstrate

when the building is losing heat, it also shows when the Ground will be gaining heat.
| k The area below the blue line represents the heat provided by the 60kW Heat Pump

installed. The Heat Pump provides more than 47% of the Annual Heating Load. I
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HEATING BY GROUND ENERGY : MORE THAN 47% OF THE HEAT OVER THE COURSE OF A YEAR

Heating Demand ( kW )
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450 -
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300 -

250 +
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150 +

The Heating Demand for Lanchester Road Hospital can also be
| presented in a frequency curve for easier analysis.
Here we can see that a demand in excess of 450kW lasts for
- barely One Hour, while a demand in excess of 60kW lasts for
5,500 hours , 230 days, or about 33 weeks which is around 63%
- of the year. In practice most of the heat to compensate for

sudden surges in demand will come from energy stored in the

- floor screed. This in turn is replenished by the Heat Pump over
the following 24-hour cycle.

1000

2000

3000 4C00 5000 6000 70C0 8000 9000

Frequency of Demand ( Hours )



The relationship between the internal supply temperature
and external temperature is not linear.

An assumption is made with NIBE Heat Pumps that

the preferred ambient temperature is 20 °C.

This leads to a series of graphs known as Heating Curves.
Each Curve is suitable for a different combination

of installation type and location.

HEATING CURVE
As the outside temperature drops the internal

supply temperature must rise to take account
of heat losses from the building.
The size of the emitter used in the building

determines how quickly the supply temperature ©

GROUNDWATER SPECIALISTS

HEATING CURVE

' 70
should rise.

For underfloor heating systems in a temperate

60
climate a curve of 9 is normally used providing

a supply temperature of 55 °C when it is -20 °C

50
Outside.

SUPPLY TEMPERATURE

OFFSET 40

In many buildings a higher or lower ambient

30
temperature may be desirable.

This is achieved by offsetting all the curves.

= W = n & o~ I

o

Lanchester Road Hospital was commissioned with
a Heating Curve of 12 and offset of +2.

- 5 ™— OFFSET HEATING
CURVE

QUTSIDE

- 40

“C

TEMPERATURE



Calculated Flow Temperature

Offset Range
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Modern Psychiatric Hospital with Low Carbon Heating & Cooling



Heat Collection & Storage — Durham Projects

Primary Care Cenire
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Primary Care Centre

- Stanley, UK
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STANLEY CARE CENTRE (ACTIVE COOLING)

High Temp.
Heat Top Up

Domestic hot water
Washing, Showers,

C

Radiators

Heat gain from coaling waste heat

Cool water to forced air fan coils / air coolth
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Electric input
> ¥
> >
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/i from the ground
pliscooling N, L SLToTECTT-
waste heat

(22
11}
o) =
E Low Grade 4
o Heat from the
O ground
m

Return from
Radiators etc.

UFH, Air Heating
& Swimming Pool

Return from
UFH & Swimming
Pool

@D




Two NIBE
Heat Pumps

= Cold Water
S Accumulator
=\ ‘

Plant Room housing Low Carbon Heating & Cooling System




PONTELAND

* Primary school,
Secondary school and
Leisure centre.

« Combined heating
system required for all
three buildings.

« Cooling system to
accommodate the leisure
centre and secondary
school IT rooms.

« Underfloor heating
1500m?2

« Required temp output
40°C




Peak heat loading required = 1360 kW

PONTELAND

Required annual heat loading = 2300 MWh/a

Ponteland — Heat Demand

60 kW Peak Heat Loadin
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PONTELAND

Peak heat loading required = 1360 kW
Required annual heat loading = 2300 MWh/a

Ponteland - Cooling Demand (kW)

200

S S—— 175 kW Peak Cooling Load- —
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]
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Cooling Demand (kW)

Time since 1/Jan (hours)




PONTELAND (PASSIVE COOLING)

GAS FEED

High Temp.
Heat Top Up
0 High Grade Heat to
Radiators etc.
v
Return

>

Main High Grade Heat
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v Electrical Output Radiators etc.
W.
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[Main Medium Temp. Up
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Groundwater Energy

« Groundwater energy, sometimes called ‘open loop’
systems, provide energy to the heat pump by abstracting
heat from pumped groundwater from an aquifer.

« The water leaving the heat pump (cold after heating the
building, warm after cooling the building) can be piped
to a watercourse or pumped back into the aquifer.

» Good practice is to balance annual heating and cooling
energy.
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Winter Heating of Building

Plan View
Injecting Pumping
Cooled Water Haot Waler
A A
Groundwater
% Flow Field

Cross-Section View
Heat To
Building

Injection T Pumping
Well Heat Well

Pump




Summer Cooling of Building

Flan View
Pumping Injecting
Cool Water Heated Water
A A
Groundwater
Flow Field

Cross-Section View

Heat From
Building
Pumping i Injection
Well Heat Well

’—’ Pump ﬁ
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Peak Heat vs base Load

M Building Heat Demand @ 700kW GSHP supply
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GSHP Peak Supply as Percentage of Peak Heat Demand

100 4 «<— 100% of annual heat demand
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