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Long Term Monitoring of CFA Energy Pile Schemes in the UK

F.A. Loveridge & W. Powrie
University of Southampton
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M. Wischy & J. Kiauk
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ABSTRACT: Energy pile schemes involve the use ofcstmal foundations as heat exchangers in a ground
source heat pump system. Such schemes are atraa@s$ithey reduce energy consumption compared with
traditional building heating and cooling systems. Asrgp prices increase and governments introduce subsi-
dies they are also provirigcreasingly economically attractive. Atidnally, energy pile can contribute to
reducing the carbon dioxide emissions agged with a development. Howey¢his approach to heating and
cooling building remains rei@ely novel and the lack gdublished long term performance data remains a bar-
rier to further implementation. Two isssiremain to be addressed by long term monitoring. First, the need fo
a database of operational energy piles schemestheenergy performance isgwen over many years. Sec-
ondly, availability of long term datasets of pile theriahavior that can be used to validate design approach-
es and tools and hence encourage tesservative design practices. Thaper presents the initial results
from a study aimed at tackling tleessues through long term instrunsgitn and monitoring of two energy
pile schemes in the United Kingdom.

1 INTRODUCTION combined with data from building energy manage-
ment systems to provide the opportunity to assess

Energy pile schemes involve the use of structuraboth the whole system performance and the pile
foundations as heat exaigers in a ground source thermal behaviour. The latter is particularly im-
heat pump system. Such schemes are attractive, psrtant for understanding modelling and design ap-
they reduce energy consumption compared with trggroaches and their appliaan to energy piles.
ditional building heating and cooling systems. As This paper provides details of the two monitoring
energy prices increasen@ governments introduce sites and some initial results from the schemes so
subsidies they are algooving increasingly econom- far. Lessons learnt from both the installation of in-
ically attractive. Additioally, energy piles can con- strumentation and the resulting data are also consid-
tribute to reducing the carbon dioxide emissions asered.
sociated with a development.

Energy piles have beem operation in Europe
since the 1980’s (Brandl, 20068§ome notable case 2 THE CRYSTAL, EAST LONDON
studies include ZuriclAirport (Pahud & Hubbach,
2007), One New Change in London (Amis & Lover-The first scheme to be instrumented was Siemens’
idge, 2014) and Keble College Oxford (Suckling &landmark sustainable building in East London,
Smith, 2002, Nicholson et al, 2014jowever,de- known as The Crystal (Figerl). The Crystal is a
spitean increase in constructed cases in recent yeamsulti-use development and contains an interactive
relatively little performance data are available, espeexhibition of sustainable technologies as well as of-
cially for the bng term (Bourn&Vebb, 2013). This fice space and conference facilities. It has been de-
holds back validation of thermal design approachesigned to be an all-electrbuilding and utilises solar
and limits the value of aeonstration projects. thermal and ground source heat pumps to generate

Since 2011, the University of Southampton andll the thermal energy needed by the development.
Gl Energy have been worlg in partnership to de- Photovoltaics also generattectricity to reduce reli-
velop monitoring sites for energy pile schemes. Thance on a more carbon intensive national supply.
project has seen the instnentation of energy piles The source side of ¢hground source heat pump
beneath two buildings in the United Kingdom.system comprises 160 pileeat exchangers and a
Temperature sensors ingga in the foundations are field of 36 deep boreholesThe piles are 600 mm,



750 mm or 1200 mm in diagter and were con- tends to 8.5 m below the pitit off level it was not
structed using contiguoutight auger (CFA) tech- possible to extend the outdrermistor strings over
nigues to approximately 21 depth. Each pile in- the full 21 m pile depth.
corporates a pair of gh Density Polyethylene Thermistor strings were also installed in one of
(HDPE) U-pipes, which were inserted into the centréghe borehole heat examgers and two additional
of the pile after the pile cage had been plunged intoonitoring boreholes (Lovilge et al, 2013). How-
the concrete. The U-pipes were then connected t@ver, damage occurred bairied cabling during con-
gether in series and usually joined into a single cirstruction which unfortunately meant that data access
cuit with a neighbouring pilebefore the pipework to these instruments wasstoand could not be re-
continued to the manifold chamber and then on viastablished.
larger header pipes to the plant room for connection All instrumentation wasvired into a datalogging
to the heat pumps. system located in the energy centre building adjacent
Each borehole is 150m deapd contains a single to The Crystal. The logger can be accessed remotely
HDPE U-pipe. Backfill mateal is gravel through to allow monitoring of the system from offsite.
the permeable strata enmtered in the lower two Temperature data haveedn collected since the
thirds of the hole and gut over the upper third (re- summer of 2012.
fer to Section 2.1 below for geological information).
The Crystal has been emtional since 2012, but Table 1. Ground conditions at the Crystal

it has taken several yearsr feome of the relevant ~Strata Description Depth
building monitoring data to come on stream. Hence Made Groud  Fine to coarse brick and con-
it is only now that initial interpretation of these data crete gravel; soft to firm black 3.3m
can commence. . sang gravelly clay.

Alluvium Very soft clayey silt, sandy

clay and peat. 6.3m

River Terace Medium dense silty fine to

Deposits coarse sand and fine to coarsell.2m
gravel (mainly flint)

London Clay  Stiff thinly laminated fissured

silty clay with silt partigs ~ 2>-°™
Lambeth Silty fine sand and fissured 43.3m
Group silty clay )
Thanet Sands  Very dense, slightly silty fine 56.1m
Figure 1. The Crystal building in East London. sard :
Chak Medium density (Grade B3)
chak >150m

2.1 Ground Conditions

The site is underlain by sequence of London Basin Tablg 2. Depths of thermistors installed within the instrument-
deposits. The piles arednded in the London Clay, ed pile at The Crystal. _
but also pass through a significant thickness of su-  Thermistor _Depth Below Pile Cut Off Level (m)

perficial and man-madeleposits (Table 1). The Level Central String Outer Strings
boreholes continue throughe full sequence of stra- 5 g'g g;g

ta and are installed for approximately two thirds of 3 71 66
their length in the aquifer formed by the Chalk and 4 111 -

the overlying Thanet Sands. As the site is located 5 15.1 -
near to the confluence tiie Thames and the River 6 19.1 -

Lea in east London, the groundematable is close to
the ground surface, at the base of the Made Grounds 3 g ng Monitoring

, . The Crystal is equippedith a comprehensive build-
2.2 Pileand Borehole Instrumentation ing energy management system (BEMS). Three heat

One 1200mm diameter pileear the north east cor- meters record the heating and cooling energy deliv-
ner of the building was selected for monitoring. Theered to the building. Two more heat meters record
pile was equipped with fivéhermistor strings. One the amount of heat exahged with the ground, one
of these was attached the central bundle of four for the pile ground loop miuit and one for the bore-
pipes (two U-tubes), themselves inserted into th&ole ground loop circuitThese data have been
pile attached to a 40 mm steel bar for stiffness. Thavailable since the springf 2013, except the heat
U-pipes, the steel bar ancetthermistor strings were meter for the borehole ground loop which was not
installed to a depth of 20 m within the pile. The oth-communicating correctly with the BEMS until 2015.
er four thermistor strings were attached at equahdditionally, the ground loop heat meters require
spacings around the circumference of the steel reifurther adjustment to diffentiate between the direc-
forcing cage (Table 2). As the pile cage only extion of heat transfeto (or from) the ground.



A further heat meter was installed by the Univer-average temperature of the thermistors installed on
sity of Southampton on the pipe circuit for the in-the pile cage was approximately two degrees warmer
strumented energy pile during construction. How+than at the start of monitoring in summer 2012,
ever, this meter hasalso had substantial when it was close to thendisturbed condition (Fig-
communication difficulties with the logging equip- ure 2).
ment and no data are available from this meter at the
present time.

30

2.4 Results 45 Pile Temp in Centre'»-..______‘
Initial results from the pile monitoring during ar %20_
immediately following cortsuction are included in 3
Loveridge & Powrie (2013a). These data, alo g 45|
with further measurements from a thermal respo 5
test carried out in an strumented borehole at th 10r !pneTemp\nearEdgesl
site (Loveridge et al, ®3), show that the undis . 5 T
turbed ground temperature is approximately 2.6 > 1ian13 1Jan 14 1 Jan 15 1 Jan 16
over the depth range relevantthe energy piles (re-
fer to Figure 2). Figure 3. Average operational pile temperatures since 2012
(data gap in the autumn of 2015 due to data logger malfunc-
tion).
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125 Figure 4. Energy demand of The Crystal during 2014 and 2015.
Winter months taken as January to April and November to De-
150 cember; summer months taken as May to October.
10 12 14 16 18 20 o
Temperature (oC) The rise in pile temperature is likely to represent

a net transfer of heatdm the building to the ground
during the first three years of operation. However,
Figure 2.Undisturbed ground temperatures at The Crystal site.when the overall thermal energy demand of The
o . Crystal is analysed, the hewy and cooling profile is
For the purposes of initiaanalysis of perfor- close to balanced (Figeir4), with annual demand
mance, pile temperatures can be taken as appropproximately 550 MWh per year each for both
mately constant with depth. Consequently, averaggeating and cooling. On the other hand, the instan-
operational pile temperaturésr the string attached taneous rate of energy demand does differ between
to the pipes and thqse |_nstalled on the relnforcmg‘eating and cooling (Figure 5). The maximum pow-
cage are presented in Figure 3. Using averages rgr demand in heating is 3%®V, while in cooling it
moves local variations due to any asymmetric instalig 572 k\W. This may be the cause of the net heat in-
lation of the pile cage and central pipes and allowgection to the gound. Another factothat cannot be
the overall trends to beedtified. However, it does assessed yet is the relative contribution of the piles
obscure axial effects, which are potentially im-and boreholes to the heating and cooling demand.
portant, but are oside the scope of this paper. For example, the piles could be taking a different
The data show large fludtions in temperature at heating/cooling ratio compared to the borehole field.
the centre of the pile, from approximatelyC7to  Finally, the weather during ¢hperiod of assessment
26°C. However, the temperature range at the steghyst be considered to place any trends in context.
cage, nearer the edge of pile, is much less, approxXFaple 3 shows that during the last four years temper-
mately 10C to 18C. It can also be seen that there isgtyres in the UK have ba warmer that the long

an overall rise in the temperature of the plle over th%rm average by several degrees' This may also have
three years of onitoring. In the summer of 2015 the affected the rise in temperature seen within the in-



strumented pile during i period by triggering a 3.1 Ground Conditions

higher than normal cooling demand. - .
. The ground conditions at the site are Made Ground,
Global coefficient of performance (COP) data foroverl?/ing River Terrace Deposits and Gault Clay.

the ground source h.ei.it. purepstem at The Crystal fOwing to the construction of a new basement and
can be taken as an initial indicator of the energy ef;

< the lowering of the original ground level, the piles
I)ICIt(\a/\?y r?fztge %sgag q Otir&t_ndatan ?ﬁggt?nit C?PS were constructed over their full length through the
etween 2.> a - depending on the time of yeag, Clay. Boreholes from the site describe the

However, the operational control system is still bei¢ a5 initially a firm to stiff slightly sandy slight-
ing optimized, hence these values are expected to i

crease in the future. R/ silty calcareous CLAY to approximately 6.5m be-

low pile cut off level. Beneath this the Gault be-
comes a stiff to very stiff laminated and fissured
calcareous CLAY.

The groundwater table at the site is relatively
high, with water strikes diurg borehole drilling ris-
ing to approximately 2m below pile cut-off level.

i I ’ii { 3.2 Instrumentation

I TGooling Demand | A balanced circuit of up to six piles of 600 mm di-
O1Jul13 OtJan14 0O1Jul14 O1 Jén‘lﬁ 01Jul 1S 01 Jan 16 ameter energy plles’_ eaCh 20 m |0ng, was In.StrU-
mented using thermistorrstgs. Each of the six
Figure 5. Heating and cooling power required at The CrystapIIeS was equipped Wlth. tvfour-thermistor strlngs
since summer 2013 attached to the U-loop pipes and four two-thermistor
strings attached to four of the six main bars on the
Table 3. UK mean annual teemature anomalies compared reinforcement cage (Figures 7 & 8). Table 4 gives a
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|Heating Demand |
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=200+
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with 1961 to 1990 long term average summary of the thermistor levels. As at The Crystal
Yea Temperaturénomaly (°C) the steel reinforcing cagdid not extend the full
2015 +0.9 depth of the pile. Thereferfewer thermistor levels
2014 +1.6 were installed on the steel cage compared with the
2013 +0.5 central pipes.
2012 +0.4

3 22 STATION ROAD, CAMBRIDGE

22 Station Road (Figure 6) is the new building for
Mott MacDonald and Birketts in Cambridge. It
forms part of the extensive redevelopment of the
zone around Cambridge Station known as CB1. The
building comprises a basement carpark and a further
six floors of office space.

The building is founded on 81 CFA piles of 450
mm diameter and 68 CFA piles of 600 mm diameter.
Pile lengths are between 20and 25 m. Each pile is
equipped with a single polystlene pipe U-loop. As
at The Crystal, the pipes were plunged into the cen-
tre of the pile following insertion of the steel rein-
forcing cage. In this case the pipes were attached to
a 32 mm diameter steel bar for weight and stiffness.

The U-loop pipes fromndlwdual. energy pll(f,‘S Figure 6. Artist's impression of the completed building at 22
were connected togetherftrm a series circuit with  station Road (sourcéattp://www.ch1cambridge.eu/22-station-
the pipes from adjacent piles. Each circuit containgad
between four and six pilesnd is connected to the
header pipes at the manifold located in the building Heat meters were irdted by Gl Energy on the
basement. The header pipes then run to the uppsix-pile circuit where it @ached the manifold in the
floor of the building, whe the heat pumps and oth- basement, to enable further monitoring of the per-
er plant are located. formance of the ground emgr system as a whole

and to record:




All the GI Energy monitoring points and the Uni
versity of Southampton thaistor strings were con-
nected via remote panels to the same monitori
system to allow web-based desktop reading of t
data from any location.

Figure 7. Detail of thermistor strings installed on the steel ca

at 22 Station Road.
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Figure 9. Temperatures within the six instrumented piles at 22
Station Road at three dates during construction.

3.3 Initial Data

The remote monitoring system is not yet available as
final commissioning of the system is ongoing. How-

Figure 8. Schematic arrangement of thermistor strings withirever, spot readings from the thermistors were taken
the instrumented piles at 22 Station Road.

Table 4. Depths of thermistors installed within the piles at 2

Station Road.

Thermistor Height Above Pile Toerf)
Level Central Strings Outer Strings
1 17.5-18.0 17.5-18.0
2 13.5-14.0 13.5-14.0
3 7.5-8.0 7.5-8.0
4 15-2.0 1.5-2.0

at various points during coingction (Figure 9). The
iles were cast during A 2014, with the slab con-
truction proceeding the following month. By Sep-
tember 2014 the instrument cables and polyethylene
pipes were all routed to the manifold located in the
basement and the building was being constructed
around this. Subsequent ra@ags were taken in the
autumn of 2015 as the cables were wired into the
remote panels. By this time the structure was largely



complete, although fit-out and commissioning workinclusion of two strings attded to the central pipes

continued throughout themainder of the year. installed within each pile.

Spot readings from the ehmistor strings at three One advantage of the building arrangement at the
points during construction @he building are shown Station Road site is that the manifold is located with-
in Figure 9. Shortly after construction of the pilesin the basement of the building, making it potentially
(May 2014) there was anesfated temperature of much more accessible in the future. The correspond-
14°C to 16C in the lower part of the piles, probably ing manifold at The Crystal is contained within a
reflecting the residual heaff hydration of the con- deep manhole in the groundsthe building. While
crete. At the top of theiles the temperature read- this is accessible, addtial health and safety con-
ings were reduced, refleog the time of year (late siderations of the deep manhole make maintaining
spring to early summer) when summer air temperanstrumentation in this area (the heat meter and a
tures had not yet had a cleanto be reflected in the logger remote panel) more challenging.
near surface layers. By September 2014 the upper At both sites it would havdeen beneficial to
part of the piles have increased in temperature as tiave included in-ground strumentation to provide
average air temperature also increased over tredditional temperature data beyond those measured
summer, but the values recorded in the lower part ofithin the piles. Despitéhe additional planning time
the pile have reduced astheat of hydration in the available at Station Roadf, just would not have
pile dissipates. The following spring, in April 2015, been possible within agint construction programme
when it can be assumedaththe heat of hydration on a very constricted site twing in additional plant
has fully dissipated, the temperature near the base wf achieve this goal. d@hsequently this additional
the piles was around 43. This can be taken as rep- information remains recommended for future moni-
resentative of undisturbeconditions. Lower tem- toring sites where possible.
peratures were recorded near the ground surface, re-

\fllv?r(\:ganrgpfar;i% é:.ooler air temperatures in the precedlngh2 Key observations from operation
The building at 22 Station Road has yet to experi-
ence an operational period. However, operational

4 DISCUSSION data are now available for a number of years at The

Crystal, although not all afhe building monitoring

equipment has been onlider the entire duration.

Nonetheless some intetieg observations can be

The Crystal instrumentation was arranged very closdrawn out.

to construction which left few options for optimising  As shown in Section 2.4 above, despite a nomi-

the thermistor arrangememtsgthin the framework of nally balanced energy requirement it is possible for

the thermal design of the system. By contrast, inthe peak power requirements to be uneven. This may
volvement with the development of the new buildingbe responsible for the glaal increase in the pile

at 22 Station Road commenced much earlier in theemperatures over the labkree years, however, oth-

project cycle. This alwed greater planning time er factors may also belewant and additional data

and as a result the entire six pile circuit was instruare required to analyse these. Nonetheless, the ob-
mented rather than just oné the piles within a cir- servation still demonstrates important point with
cuit as at the Crystal. This additional planning alsaegard to the design of ground source heat pump sys-
allowed integration of the pile and building monitor-tems. The data show how lumped demand can be
ing systems into a single remote access arrangememisleading when real demand varies over short

Both case studies illustrate the need to allow suftimescales. This is illustrated in Figure 10, which
ficient redundancy within any instrumentation shows some detail from Figure 5 during two days in
scheme implemented within the framework of a liveJuly 2015. Consequentlgesign of complex ground
construction project. In oplinstrumenting one pile source heat pump systems should be carried out us-
at the Crystal, it was fortunate that most of the thering hourly energy demand data (kWh per hour) — ef-
mistors have remained fully functional for over threefectively instantaneous power.
years. However, unfortunately, access to the bore- Differences in predicted system capacities when
hole heat exchanger instruntation was lost due to using longer duration rathénan hourly demand da-
cable breaks, caused by construction which werta has recently been higghted by Zhang (2016),
subsequently buried before they could be locatedho used hourly, monthland yearly demand data
and rectified. Having sipiles instrumented at Sta- for a Westminster wide slirict heating study and
tion Road has meant the significance of some ineompared the results. In thease the use of monthly
strument losses during pile breakout has been rer yearly demand data was found to be non-
duced. A further lesson garding redundancy learnt conservative in terms of estimating the proportion of
from the Crystal and applied to Station Road was ththe city that could be @tuded within the district

heating scheme. The difference in predicted capacity

4.1 Lessonslearnt frominstallations



between using monthly or yearly data and usingtate will not be present. Nonetheless, consideration
hourly data was between 10% and 15%. of the changes in values apparent resistance al-
lows some interesting observations to be made.

The results show that the calculated apparent re-
sistance in the pile concrete is far from constant (as
would be the case if there was a thermal steady
state). When there is a sustained period of heat injec-
tion (Figure 10) the apparergsistance stabilises at
approximately to 0.1 mK/Wand this could be close
to a steady state valu€ertainly it is not an unrea-
sonable value for a pile of this size and type (e.g.
: : SIA, 2005).

600\ S5 BAM 5PM BAM However, sometimes thepparent resistanqeal-

ue is smaller than this and often the value is larger.

The larger values reflect periods when the thermal

Figure 10. Hourly cooling demand at the Crystal during twoload is reducing so that the temperature close to the

days in July 2015 pipes is falling more quickly than at the pile edge.
In these cases as the power drops, the temperature

The second important observation from Thegitference also drops but nas rapidly. This causes
Crystal data is the extent of the temperature gradiefhe apparent increase in resistance.

across the instrumented pil€his varies throughout
the year (Figure 11) and reaches a peak value of ap-
proximately 8 degrees. Peaklues typically occur 05
at times of peak demand. The additional superin
posed variability is a refléion of two factors, first
the variable thermal load (Figure 5 & Figure 10) an
secondly the fact that thgile is not at a thermal
steady state as assumed by many design approach
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Figure 12. Apparent thermal resistance of the pile between the
pipes and the steel cage, calculated for two days in July 2015.

The implications of the absence of a thermal
steady state within theilp are described by Lover-
idge & Powrie (2013b). Assuming a steady state
1 Jan 13 1 Jan 14 1Jan 15 1Jan1s Where none is present can lead to the over-

estimation of the temperature changes that will occur
Figure 11. Temperature differtee between the thermistor within the pileand the ground. This means that the

strings installed on the pile cage and those on the central Yr,e capacity of the assated ground source heat
pipes. Positive difference indicates a cooler pile centre an

hence heat extraction from the pile and ground. Bump system will be underestimated during design.

Temperature Difference (cC)
o » A N O M B D ®
T

The thermal load and pile temperature data can
used to quantify the degreé steady state within the b§ SUMMARY
pile. For clarity, consideng only the same two days __, . -
in July (Figure 10), Fige 12 shows corresponding T.hIS paper presents |n|t|a}l results from two energy
changes in apparent thermal resistance. Thermal rBil€ monltorlr;g SCh”eeres in the dUK' ScllJ.Ch scfherznes
sistance is the ratio of the thermal power applied tf‘re essenéla t]? a ? etier un er.?tan !nhg 0 tde
the pile and the temperature difference across th@"9 ter? eneiits o l;l'sg energ%plles wit ligroun "
pile. In this instance it Isabeen calculated using the SOUrce heat pump schemes and also to allow verifi-
pile temperature sensoed hence is not the full cation of appropriate and rigorous design approach-
pile resistance, just the resistance between the oft>: . . .
side of the pipes and thél@cage. In this case the . Initial data from the flrst_ scheme are showing the
term “apparent” thermal sistance has been used!MpPortance of understandirtpe nature of the ap-
since strictly speaking resistance is a steady stafiied thermal loads for such systems. This is in
concept and within this laegdiameter pile a steady



terms of both the overall seasonal energy balance and researctilhe REHVA European HVAC Journal, Janu-
and the short term variation in demand. ary, 2014, 32 - 35.
The short term variation in demand also contrib-Bourne-Webb, P. (2013) Observed response of energy geo-

. - structures, In: Lalouk Di Donna (Eds)Energy Geostruc-
utes to the variable temperature observed within the y e wiley, London. p 45 — 77. (Eds)Energy

pile. This causes flug:tuation in the temperature difBrandI, H. (2006) Energy foundations and other thermo active
ference across the pile and hence also the dynamic ground structureszeotechnique, 56 (2), 81 — 122. _
thermal resistance. Such transient behavior must deveridge, F. & Powrie, W. (2013a) Performance of Piled
accounted for in design forevent under-estimation ~ Foundations Used as Heat ExchangersPhoceedings of

- the 18th International Conference for Soil Mechanics and
of the ground source heat pump system capacity. Geotechnical Engineering, Paris, France, September 2-5,

2013.
Loveridge, F. & Powrie, W. (2013b) Temperature response
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