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workshop and lasted until Decemb2019. Annex27 saw the patrticipation of 1countries, ofwhich81 experts
participatedin total in the eightworkshops.

Annex 27- QualityManagement in Design, Construction and Operation oEBole Systems should summarize
the current situation and best technical practice in major countries using this shallow geothermal technique
today.

ECES facilitates integral research, development, implementation and integration of steapetechnologies
such as: electrical energy storage, thermal energy storage, distribenedgy storage & borehole thermal
energy storage.

More information can be found at the following links:
Annex27 https://www.ecesboresysgmorg

IEAECES Chhtips://www.iea-eces.org
IEATCP$ittps://www.iea.org/tcp/

DISCLAIMER

IEAECES Anne&d7 has functioned within a framework provided by the InternatibrEnergyAgency. Views,
findings, and publications of ECES Ang&xdo not necessarily represent thagews or policies of the IEA
Secretariat or of its individual member countries.

COPYRIGHT
This publication should be cited as:

IEAECES (200 XuafityManagement in Design, Construction and Operation of Borehole SystdResgret
al.,ZAE BayeinlEATechnology Collaboration Programme on Energy Conservation through Btergge
(IEAECES), 20. Copyright © IEACES 20
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1 IEA ECES ANNEX Preface

Preface

Annex 27- Quality Management in Design, Construction and Operation of Borehole Systenmsarize the

current situation and best technicpracticesin major countries using shallogeothermatechnologytoday.In

GKS YI22NARGe 2F aAddz G-swefatéfar thervidlEnergy styratie difisieht, safe & K Q &
reliable with a minimum othallengegencountered However, in uniqgugeologicaformationsalack of skill ad
experienceby drilling equipment operators caresult in problemshat can range fronsimple and straight
forward remediesto extreme damages withsignificant environmental impactt is therefore essential that
guality technical andmanagementpractices are utilizedin all project phases to provide safe and reliable
solutionsthat will meet the goals of system owners and emskrs.

In many technical areas, guidelinesodesand standards are available to provide important rules and
recommendations of k& technical practicgto preventproblemsduring construction and operatiotdowever,
only in few countriesare such guidelinescodesand standards oshallowgeothermal technigques available to
achievehigh quality design, construction and operatitvat result insafeand reliablesystems.

Technical guidelinescodesor standards areavailable orplanned in several countriethat can significantly
enhancethe quality ofBorehole Heat ExchangefBHER Within the technical collaboration program, ECES
(Erergy Conservation through Energy Storage) of the International Energy Agency (IEA) an international working
group of experts (IEA ECES Annex 27)xaagenedo compile and develop measures for quality management

on an international basis.

Throughoutthe work of Annex 27the French standardization organization AFN@Bposed the development

of a new European Standard (GEdndard). ATechnical Committee CEN/fiGo M &2 F G SNJ ¢St f & |
KSI G S E QwdesfabliSHediosfurther detail such a standat. This committee was split in two working
groups,

1 CENT@pm 2D M 2y agtGSN gStfat¢
T CEN/T@51WG 22y Go02NBK2tS KSIHi SEOKFY3ISNEE

Through a series of dialogpgtween managing directors and technical participants it became readily apparent
that there wassignificantcommonalitybetween CEN/T@51WG 2 and Annex 27 worksulting in the decision
that a collaborative effort betweelboth groupswas the most efficient avenue to pursue for a complete and
comprehensive end product.

ECES Annex 27 ?
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2 IEA ECES ANNEX, Policy Statement

PolicyStatement

Thecontinued andexpandeduse of the earth as a reliable heat source / heat fniployingborehole heat
exchangers(BHEs)combired with ultra-efficient heat pumpsto heat and /or cool buildings will take on
significant importance in the move to beneficial elefitation and the replacement of fossil fueksdditionally,

large BHE fields will be utilized for daily, seasonal and annual thermal energy storage further reducing harmful
CQ emissions on a global scale.

The overall quality of the Borehole Systers of sgnificant importance for owner and users @awell as the
authority having jurisdictionwho enforce legalregulationsto avoid impact on neighbors and on the
environment.

Superior Borehole Systemsth high efficiency, economic viability and low envirormited impact are achieved
through three distinct disciplines:
1. High quality design and engineering;
2.1 A3K ljdzZrfAdGe O2yadNHzOlA2y YSGK2RAa dzaAy3a AyRdzaG)H
3. High quality and knowledgeable Operation and Maintenance.

1 Currently the vast majorityof systens have not encountereghroblems.

1 Inavery fewinstancesdamagehaveoccured, whichhaveranged from small locdakedimpacisto very
severe damagewhen therequired extra attention to the local geological and hydrogeological situation
were nd fully understood and mitigating measures were not emplayed

i A major issue in most countries is the protection of groundwatehfgnan consumption.

U Also, avoid any connection of aquifers of different pressure or water quality to exclude damage
by settement or changes of water quality due to mixing of different water qualities.

i Consider swelling of the underground in situations watthydrite layers in the underground
when they get into contact with water.

High quality design and construction requires
1 well educated and experienced designers and constructors
1 detailed knowledge of the local geological and hydrogeological situation
1 high quality materials and componerdasd
9 appropriate construction tools

Subtask 1 and 2 analyze the situation in the diffémt countries and give important and detailed
recommendations for the design and construction process.

Guidelines and standards are important to achieve high quality in design and construction.
1 Several countriesurrently have standardswith varying leved of detail It is recommended taeview
these standardsegularly and taevise those documents accordance witHEA ECES Annex 27
T ¢KS ySg 9dz2NRLISHY /9b {dFyRINR RS@St 2LISRinddase / 9D
collaboration with IEA ECESnex 27 is asignificantstep forward especially for those countrieg/hich
do not yet have any regulatioor guidance standards

Additional measures like supervision of operation in combination with some monitoring can help to improve
and keep the qudtly of a running system and can avoid problems and failures. Thus monitoring requires some

ECES Annex 27 QW,
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3 IEA ECES ANNEX, Policy Statement
sensors and data acquisition to detect any deviation from regular system operation in advance. Subtask 3 gives
more details and requirements.

At least some minimal ranitoring is required even for small systems to alldar qualified supervision.

Potential problems and solutions in the design, construction and operation phase are discussed in subtask 4. In
generalthe focus has to be put goreventingproblems Howe'er, if any problem occurs solutions are required
to remediate.

ECES Annex 277
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4 IEA ECES ANNEX;Bummary of Main Results

Summary of Main Results

Legislation

The level of legislation dhe construction of borehole heat exchangers esa considerablypetween countries

and sometimes even within a specific cogntdepending on the regione.g. Germany and Belgium
Furthermore, there may be variations in the legislation depending on the size of the borehole heat exchanger
system. The various laws, acts, codes, standards, norms, guidelines, protocols, rulegudatibres primarily

focus on avoiding negative environmental effects from the construction and operation of the bostsiéam
Detailed hformation onbest practices antiow to construct and operatthese systemg almost non- existent

The legalframework andenforcement is generbl through localbylaws and permit that are issued by the
authority having jurisdiction (AHJ) environmental agency The permitscan be unlimited or in some cases
limited in timeto complete the borehole system drillingtvities. As ground source heatingnd coolingis a
relativelyd y Sg ¢ (G SOKY 2t waieé welB®rdiidkingXater an@ miningperations it is common to
seeborehole heat exchange(BHE}¥as aradjunct toor as an impliciinclusionto existingrulesand regulations
The varioudegalactsemphasis reatoncerrs respecting the protectiogroundwaterfrom negative impactdn
countries where groundwater supplieslarge part of or the primary source arinking water, the rulesand
regulationsconcerningthe sealing of boreholeare generally stricter and more comprehensive.

Environmental protection israimportant issuethat most countriesfocus upon The BHE must not cause
negative effecsin terms of temperaturevarianceor the introduction ofcontaminantsThe majority of countries

have rules and regulations that prohilsitirface water intrusion into a borehole and the crgssontamination

of aquifers that can result from the interconnection of aquifers via the vertical drilling processiohddlit, the

AHJ generally has strict guidelines to avoid damaging adjacent buildings during the installation and ongoing
operation of BHE systems. Thedamages can be caused by swelling materials (such as anhydrite) or by
subsidenceamongst other factors

The legislationsurrounding construction oBHEsystemsfocusesprimarily on avoiding adverse effects on
groundwater and environment in generdfiowever, averse effecs are generallyonly loosely defined and
mitigation procedures are virtually neexigent.

Subtask Design Phase
The different systems under consideration in IEA ECES Annex 27 are:
1 GSHP (Ground Source Heat Pump) systhaigsire designed to extract or inject thermal energy (heating
or cooling application) from or to the underground thatcovers in a passive way.
1 BTES (Borehole Thermal Energy Storage) systarnare designed with the purposa actively stomg
thermal energy (heat and/or cold) in the underground, most comimseasonally.
1 HTBTES (High Temperature Borehole Thermal EnStgrage) systemthat are designed with the
purpose to actively store heat at high temperatures in the underground, most commonly seasonally

A typical design phase covers the following stages:
1 Prefeasibility study
1 Feasibility phase
1 Detailed design
1 Approval procedure

ECES Annex 27 QW,
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5 IEA ECES ANNEX;Bummary of Main Results

i Call for tenders

Depending on the sizend scopeof the project, the different stagesited above will have varying degrees of
detail. For small projectsuch as singlamily homespre-feasibility and feasibility are oftem combined stge
with the othermajorcomponents andntegrated in the detailed design.

General Remarks on the Design Approach

Desigrs vary with respect to borehole depth, boreholspacing system operating pressurgswvorking
temperatures of the heat transfer fluid aretuipmentoperationduration depencent on the intended type of
systemand the building loads that are to be suppeuit

There are a numbesf design softwardools available with varying levels sbphistication Software tools such

as EEPGLHEPRGGLDand GEGHAND®" are sufficient for smaller system3hese tools are applied in the
feasibility stage fomitial estimates. Some of these software tools can also be employed with larger and more
complex systemsg systems that encompass hundreds of borehpldistrict systems and hybrid systems. It is
strongly recommended that designers use detailed energy modelling software tools such as dRTY&¢5 00

to fully understand the energy loads that a complex system is engineered to support. Additiomalhtaltthat
designer / engineertake intoconsideratiorexisting or planned ATES, GSHP and BTES systemignimtukate
vicinity to minimize or eliminate thermal interference.

The heat source for a pure extraction system is solar hedtgeothermal hat from the date of origin of the
earth and the radioactive decay in the upper crust thatiged naturally in the groundAdditionally heat from

solar collectorsand waste heat from industrial processes (cogeneration included) are regarded as sources.
Sector coupling by power to he@urplus of renewable electricity is converted into haatithe heat is stored

for later use) withBBTES for storage is economically viarid may play an important role in future. There are a
number of other heat sourcegsed in BTES systems, mainly for seasonal stoBIES can also serve as cold
storage.

It is paramountto differentiate between GSHPand BTESvith respectto borehole spacing The distance
depends on theintended application (GSHPs or BTES), the geabgionditions (i.e. the ground thermal
properties), intended final drilling deptincreasedlistance between deeper boreholes to prevendssdrilling
damage and load characteristic¥he gtimal borehole distance for mulg borehole BTES systensdetween

3 - 10 mwith closer spacingfor high temperature storage (HBTES). For independent borehagstems
employed in GSHP applications (extraction of heat and ,catuiih shouldnot significanty thermally interact
with one anotheE | & & | T $6&- 25Ra@péarsty BeSippRed in most countrieg his borehole spacing
is largely dependnt on the ground thermal properties artabildingenergy load profile while alsaonsidering
the thermal impact on neighboring properties.

The undisturbed groundetnperature is an essential parameter that strongly affects the desigiperformance
of GSHP systengith a lesser impactor BTES system$his parametemostly affects heatmovementto the
surrounding ground Design ground temperature denotes the averagndisturbed ground temperature
calculated over the total borehole depth.

Prefeasibility Study

Prefeasibility studies arg¢ypicallycarried out for large GSHP systems and BTES. The results will normally serve
as a point of decision for clients to contmar stopfurther development. BTES or GSHP options are compared
to other forms of heating and cooling, for example district heating/cooling or fuel fired beaitetlectrically
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6 IEA ECES ANNEX;Bummary of Main Results

driven chillers If the result from this initial studis favorale, the prgect cancontinueto the next ghase of
development

Depending on the projeccope and complexityhe content of a prefeasibility reportwill vary. However, site

plans, topographic maps, geological maps, hydrogeological maps, databases on wells aokkboeakrgy load

and temperature demands, predesign and economic calculations to compare with other energy systems are
important issues to cover. Data from existing wells and boreholes are very important for understanding the
geology at any given site.n8e groundwater always plays an important role for any project, it is recommended
to search for information on aquifers and groundwater levelshés stage. It is recommended t@searchas

much information as possible, especially katown gedogicalcondtions in locally available databasesd to
understand preliminargnergy loadorofilesof the proposed building(s).

Underground obstacles and limitations can affect the construction of a system signific@hégking with the
AHJ is a vital first stdp determining if the project site is subject to drilling restrictions and if there are any pre
existing subsurface infrastructure installatiogs.e. natural gas lines, electrical lines, water or wastewater
piping, communication lines etd:urther,geotechnical propertiesieed to beconsideredvia a risk analysis that
consider the possibility of tectonic activity with possible seismic shifting.

Legal aspects should be addressed at an early stage in any project. In most countries, the user of the system
must own the property on which the plant will be installed. By easement use of another property it has to be
considered that often after completed installation, the system becomes a part of the property and may change
ownership. A local environmental riginalysis is recommended with respect to affecting the soil and the
groundwater and global environmental benefits such as reduction of greenhouse gases should be valued.

A rough estimate of the investment cost, energy savings and profitabditgcommendtd at an early stage of
the project to facilitate the decision of the client.

Feasibility Phase

In the feasibility phasehe project isfurther developed to gain more detailed information for deeper planning.
Typicallyone or severaéxploratory bordoles are drilled, tested and documented. Furthermore, detailed data
(occasionally specially logged) on heat and/or cooling load characteristics as well as temperature profiles are
obtained and used asbasis for design. Environmental and legal aspects arerabre thoroughly considered.

Testborehole drillings should be placed close tw preferably inside the final borefield to be incorporated in
the completedsystem. Exadborefield location is defined by geological conditions and land availabilityaand
survey of underground obstacles. In many countr@gsermit is required foexploratorytest-drilling. The layout

and especially the depth of the tebbrehole should correspond to the final system to allmelusion in the
completed systemTo avoid darage to underground infrastructurgsuch agipesandcablesor hazards due to
unexploded ordnances thorough investigation of the subsurface, to the extent possible, must be undertaken
prior to drilling test boreholes. Local governmental administratiféces and utility providers should be
consulted to determine the location of known undergrouniostacles

Documentation during test drilling is essential. Geological profilinyibyal classification of cuttings by the
driller and/or sampling folaboratory analysess prevalent in most countrietn general, detailed determination
of stratigraphy is not required. However, during test drilling procedure the drill operator should be able to

identify the maingeologicalayers encounteredavith an emphais onidentifying sealing layers (aquitards). In
addition to the driller@ log it is recommended to document geological layerddiyng physicakampeks
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especially inunconsolidatedsediments and sedimentargedrockrock. All aquitard layergncounteredare
vitally importantto document.The identificationof one or multiple aquifers or permeable fracture zonss
important information forthe design of a borehole system. It is essential to know the groundwater level or
hydrostatic pressurehowever, the ability to measure tlese data are dependent on tharilling method is
applied. Drilling with mudotary equipmentwill block permeability, making measurementsthe borehole
impossible. In suchases, the groundwater level may be obtained from measurengeim adjacentboreholes.
Fracture zones, unstabl®reholeannulus swelling clay, large water yield, loss of drilling fluid, etc. may all cause
drilling issues Theseconditions should be noted down inthe R NR fldg.SDd&umentation of drillinghe
parameters and conditions encountereawill greatly assist inunderstandng the site-specific geological
conditions.In small commercial applications this kind of documentation is sometimes neglected.

A Thermal Response Test (TRT) is of great importance wlkemes to reliability andjuality of a borehole
system design. Large systems in an area w@iterse sitemay require multiple test-holes and TRTs to gain
sufficient reliable data for the final design. Thipic has been examineith IEA ECES Annex 13 &idlt is
recommendedo perform one TRT test foevery10-30 boreholes. Not all tedioreholes are necessarily used

for TRT, but it is important to keejetaileddocumentation duringhe drilling procedure as this provides useful
information of the homageneity of the borehole field and thus indicates the need for multiple bestholes

and TRS. There idurther information available on TRT equipment and methods within the IEA ECES Annex 21.

The duration of TRT must be long enough to ensure a propaluation of thermal properties. It is
recommended to check automatically for convergence during the ongoing measurement, to fintheout
requiredtest duration. For evaluation of data obtained from TRTS, the line source method is commonly used.
This approkmation is only valid when all measured parameters preciseand the heating/cooling load is
securedto be very stable. Groundwater flow and load variations make this methmiiitable When the
prerequisites for the line source approximation are notfifield, more advanced evaluation methods are
required. If measured data show stable conditions the line source approximation can be used. As this is typically
not the case, it is recommended to use more advanced evaluation methods and check for convergence

The report of TRT measurements should include information about the test equipment, test duration and
conditions, results and analysis as well as an error analysis of the measurement and evaluation. In @ermany
Verein Deutscher Ingenieu®D) stipulates how the TRT report should bempleted and presentedand in

Sweden there is a TRjlideline issued by the Swedish Geoenergy Center, giving advice on reporting. IEA ECES
Annex 21 also gives detailed guidance on TRT.

A main environmental concern inl @lountries is related to protection of groundwatand thus regulatedbut

in different ways, and practice may also vary by provinces or regions. In fact, protection of groundwater is the
main reason for sealing the boreholes with grout, which is mangatomost countries. There is a high diversity

of regulations and other groundwater related concerns. It is a mandatory requirement to comply with laws on

groundwater protection in all borehole applications and to follow any country specific or locahtiegulelated

to this issueThere are a number of possible impacts from construction and operation of borehole systems that

should be addressed.

In the feasibility stage of a given projettie information gained during test drilling, TRT evaluation energy
load profiles allows a prdesign of the borehole systemwith tools. Based on thigre-design, first- cost
considerations are possihlehich is one of the majaroncernsof the project ownet
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A rough investment cost calculation can be carriedfouthe predesigned system based on experience from
other similar projects. The operational castoughly estimated by using the expected amount of used energy
and seasonal performance factousing the current price for electricity. The maintenancetaufsa borehole

system should, if correctly designed and constructed, be very low or practically zero. Some maintenance is
associated with the heat pumgquipmentside of the system, and degree otontrol for systempressureand

flow rates as well aBea carrier fluid quality is needed. The expected seasonal performance factor (SPF) with a
system boundary including at least boreholes, circulation pumps and compressors is used to estimate the energy
savings from the system. A rough estimate of profitapilnay be obtained by the use of straight payback time
and/or return of the investment.

Detailed Design
In principle there are two contractual options
 G¢dzNYy Y Se@ hé édnfracted wilbéthvdesign and construct teatire system.Thisoption is
mostly applicabldor smalland relatively simple installations.
Gt SNF 2 NXY I y Ohe desigyi sNderfoiiméd by thproject owner with the assistanceof
consultants Thisoption isfor larger and more complex applications.

Most important is the load pofile regarding heating and cooling energy for the building, so that the modeled
design is accurate. Ensing close cooperation anidteraction betweenthe building designer and the designer

of the BTES/GSHP systanessential For modeling of smaller andss complex projects monthly load values
are sufficient For larger and more complex load characteristicsirly values should be considered. Both energy
demand and capacity must be accounted for. Supply and return temperatures in heating and costimgssy
are controlled by the sitspecific outdoor temperature variation over the year. In general, most countries relate
to the outdoor temperature, but in climates with moderate variations (maritioienate),a fixed temperature

may be usedlt is vital b understand thathe ground temperature and & & (i & Eadrier fluid temperature
arenot the sameThese temperatures impact on another but are separate values that must be well understood
to execute a quality design.

Forstudiesand analysisof different borefield layout options software simulation tools ardypicallyused The
number of boreholes, their depths and configuratiare determined bysuch design tools using the given load
and the thermal parameters of theubsurfaceThe groundwater levak important for defining the thermally
active length of the boreholes in ndrackfilled(grouted)applications as the piping abottee groundwater level

is surrounded by air and has no thermal contact with the borehole wall. In cas#sthe groundwate level
should be measured to define the thermally active borehole deptbhould be taken into consideration that
the groundwater table may vamyuring the course cothe year.

Natural groundwater flow will have an impact of the thermal behavior of tbechole systems. For GSHP
systems, this may be a benefit, while BTES systems may be negatively affected. Most countries are aware of the
impact that groundwater flow may have on the system performamtt@wvever,due to thecomplex nature of
modelling groungvater flow, this type of analysis not integratednto most commercially available dgsitools.

The effect of groundwater flow is complex as the effects depend on the relative length of the borehole affected
by the groundwater flow, the groundwater velity and, also the energy balance achieved by the system. In
general, low groundwater flow velocities and systems with a high energy balance ageeatly affected by
groundwater flow, while systems with high groundwater flow velocity andr energy badnce are affected

much moresignificantly
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The main assumptiom all commorsoftware tools used in the desigmocesds that heat conduction is the only
modelledtransport mechanism and groundwater flownst consideredIf groundwater flow does affedhe
heat transport around the borehole heat exchanggifferent effects may arise depending on thguation
1 In applications dominated by either heating or cooliggpundwater flow will have a positive effect on
the temperature response and standardsign methodswill result in an oveidesign of the systemi.e.
too many boreholes
1 In applications that intend to store heat (or cold) in the groutie: thermal losses increase and may
makethe intendedstorageunderperform orineffective
1 In large boreble heat exchanger fieldsboreholes downstream of the groundwater flowmay
experience adverse conditions # flowing groundwater has been thermally interacted with (i.e.
become cooler or warmer than thexpected statidackground temperature).

In most countries the market is dominated by singlepipe BHES, followed by doublefipes and occasionally
(especially in Germany) various types of coaxial pipes. The selection of tmeuBHEeet the design criteria. If
the BHE type is changed, the boreholddidesign must be recalculated.

Polyethylene pipes (PE 100), ameost commonly used in low temperature or moderate temperature
applications. The bend at the bottom of the borehole iusion welded by the manufacturer bthe butt-
welding method. For corettion of the vertical pipes of the BHE to the horizomallection,various welding
methods are availablei.e. socketf butt andelectrofusion with electrofusion being preferable

PE pipes for pressure applications (such as GSHP systems) are atlagsifi@imum required strength (MRS)
based on the international standard 1ISO 9080.

High temperature BTES (BTES) applications will demand other types of polymer material for both BHE and
horizontal piping. For HBTES systems, special types of polyniexs canwithstand higher temperatures are
chosen, such as PE RT type Il, PP, PEX and some other thermoset materials.

The strength properties of the BHE will be different depending on whether grouted egroarted boreholes

are usedln dther situation, the properties of the BHEaterial isof utmost importance. Therappearsto be
country to countryagreement orpipe bursting pressure, collapsing pressure, extension coefficient and change
of strength with increased temperature. For grouted boreholeso éhefull contact between the grout and the
boreholepipingis ofgreatimportance.

To ensure high qualifyBHEassembliesare mainly manufactured in each country in a controlled factory
environment Manufacturing and testingre performed according tandividual country acceptedtandards.
While Upipe BHEs are deliverext coils, ®axial BHEs with large diameter cannot be practically hanidied
way. They areinstead typicallydelivered to the construction site as prefabricatpibe tube sectionsand are
weldedtogetheron site at insertion in the borehole.

The BHES are connected to the collection pipe system by electrofusion joistsciat / butt welded according
to specifications from the joint manufacturer and/or standards.

In groundwaterfilled boreholes piping spacers make no significant difference on the borehole resistance and
are therefore rarely used. In grouted boreholes, spacers are recommended in guidelines, but seldom used in
practice.
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A variety of prefabricateéxteriorfield manifdds have been developed and are commonly used. Less common
are designsbuilt on site. In some projectshe manifolds ardocatedindoors. Except for very shallow systems
the boreholes and field manifolds are connected in parallel in order to minimizdldheresistance in the
system. liscommon practice to use high efficiency heat carrier fluith control valves on manifolds balance

the fluid flow in the underground piping network.

Backfillingor grouting,is mandatory in most countrie®ut na in the Nordic countriesandwith different types

of mixtures commercially available. In countries without mandatory backfilling, grouting may still be needed in
a2YS OFaSad alyeée O02dzyUNASA I O] YI ydied D] FRNIK Tedy RSt B
madet grouts has recently been banned and replaced by proven grouts. Materials and proceaturesll as

control systemsare currentlythe subjectof variousresearchinitiatives

For the harizontal pipe systesfcollection systerg) the samepiping material should be used as for the BHESs.
Common practice is to use PE100 or similar for low temperature applications, and thermal resistant polymers
for HFBTES. The horizontal pipe systems nsufficientlyresistabove groundveight- e.g. heavy vehiclesand

the collapse strengtind burial depthshould beseriouslyconsideredHorizontalpiping should beplacedbelow

the frostfree depthin order to avoid elevatioleavingof the soil. This elevationeavingoccurs if the layer of

ice around the horizontal pipes (due to sabro operating temperatures) and the frozen soil layer above the
horizontal pipes freezeéogether. Depending on the bed depth of the horizontal pipes, the ground temperature
can be significantly higher or lower that the surface. Therefore, the horizontal pipes of systems with operating
temperatures below the minimal ground level temperature can contribute to peak load shaving. The overall
impact mainly depends on the length of the pipes and the borehole dischenggerature. It is recommended

to considerthe hydraulics of the system, the depth and length of the pipe system as well as the impact from the
surface to choose a suitable and safe dimension and strength.

In low temperature applicationsgenerallythe horizontal pipe system can be placed without insulation.
However, parts that are exposed to air, or placedatbove the frosfree depth and parts close to building
foundations must be insulated. Insulation is also needed if the pipes cross or ruteptralater pipes or
sewage pipes, and if the system is aBTES system.

It seems to be common practice to embed tharizontalpipesin sand without stonesr sharpedgel rocksand
to coverthat layer with a geotextilenaterial Native soil material fran trench excavationsi usedto complete
the backfillingoperation.

Commonly ethanol, ethylene and propylene glycol mixed with water are used as heat carrier fluids. Ethanol is
commonlyused in wateffilled boreholes at a concentration of maximum 28%r{flammable), and glycol in
grouted boreholes at a concentration up to 30 %. Propylene glycol has a comparably high viscosity which makes
it less favorable as heat carrier fluid. The ethanol mixtures may be mixed with additives that make it undrinkable.
Pure water is used in systems that work well above the freezing point and in systems used for storage of heat
only. Corrosion inhibitors and other additives should be avoided if possible. It is recommended to use
environmentally safe heat carrier fluidg the lowest acceptable concentration that still provides adequate
freeze protection for efficient system operation.

Environmental risk assessments are normally a part of the permit procedure in countries where permits are
required. In other countriesthere is a lack of standard procedures how to perform this kind of analis
Nevertheless, it is strongly recommended to always make an environmental risk analysis showing that such risks
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have beenconsideredduring the project developmenphase Technical ath economic risks are mainly
considered in the feasibility stageurtherin-depth analyses may bstipulatedin contracting documents.

Approval Procedures

Approval of installations is handled very differently in different countrf@gthermore,there maybe specific

city, municipal oprovincialrequirementswithin a country. In a few countries there is no permit requirement at

all, or only for larger systems. In most countries there are standard procedures and/or norms for system design,
but not for the approval of the system. A common procedure is that a borehole system is assessed by local
environmental authorities and a permit is given if there is no risk for, by example, groundwater contamination.
Approval may becontingent oncertain termsand conditons being met by the project owners and their
consultants.

Call for Tenders
Itis recommended to be aware of the form of contract when preparing the tender documents and specifications.

The quality and skill requirements of contractors that bid on amgjgmt should be specified in the tender
documents as well as reference projects, certifications of drillers and installers, CUsegt@jority of countries
requires certification of drillers and installers and companies must often have Quality andrigmeital Control
systemsin place A highquality installation can be achieveby requiring safety, quality and environmental
control certifications as well as references in the tender documents. Drdtersertified according to national
provincial, sate and/or local legislation.

Unforeseen damagecaused by the borehole installati@me ofsignificantimportanceto identifyin the contract
documents that should also include a guaranty / warranty pegaygl - warranty period3-10 years. In some
countries, this is dealt with by generabntractclauses, in othecountriesthey will beaddressedy a court of
law. Responsibility for unforeseen damagghould bewritten in the tender contract and it should bea
prerequisitethat companiesgesponding to he tender aregualified / certified and havespecified levels ofalid
insurances irfiorce.

Subtask ZonstructionPhase
This scope idor the construction of the boreholg), the installation and control of the BHE, the grout and the
grouting process anthe documentation ofthe borehole and BHE.

Site Preparation

The site facilities are those that need to be present before and during the drilling process in order to avoid
accidents and to suppodll the drillingprocedures Apart from physical installatie such as fencing, this may
include paperwork such as drilling certificates and permits that need to be present.

In order to prevent accidenisome countries require health andsafety plan for the site and work processes
to undertaken by the drillingontractorand will be impacteddependent the construction siteconstraints In
many instances, these safety and work process plaunst be approved by consultant and/or authoritiesfore
the constructionis started

Generally, there is eequirementfor temporary constructioriencing around the workntire site. It is common
practice that the site owner provides electricity and water to aid the drillmogyever this isnot mandatoryand
drilling contractors may need these services themsel¥eplan fo safelyhandling drilling mud and cuttings
an environmentally responsible mannisralso required in most countries.
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Mapping or detection of underground installations will typically be BhdlR freflsg@méibility. Checking for soil
contamination willalso be a part of the investigation prior to drilling. Generally, it will not be allowed to install
BHEs in contaminated areas. If the driller unexpectegtigounterscontaminated soilA G A a (GKS R
responsibilityto inform the plannefengineer andor the authoritiesfor direction on how to dispose dhe
contaminated soil/cuttings from thproject site Ths procedure alsapplies tospert drilling mud/ cuttingsand

excess water. In most countries, the use of watertight containers for drilling anddhe settling of cuttings
appearsto be either mandatory or the norm. The deposition of these materials will normally have to be
approved by theAHJ

Drilling

In most countries, it ig requirementthat the drillers hold agovernment recognizedertificate that ensures
their understanding ofirill rig operation,the variousgeologicaformations that could be encountered, sound
environmental practices as well asminimum understanding of the basic working principles of a closed loop
system. The appliedrilling method should be appropriate in the geology in question.

The chosen drilling method is closely related to the geology on the drilling site. In unconsolidated sediments
rotary mud drilling is the method of choice. Thigthod will typically be diect flushcuttings / debrisbut may

also be reverse flugd. The expected drilling depth may also influence the choice of method. There seems to
be a tendency for the boreholes to become deeper. In Sweden, boreholes af 280 m are seen more and
more often. Thermal shortircuiting is generally small in BHESs shorter than 300 imada rock the drilling will
typically be made by DTgdown the hole)hammer drillingwith compressedair used tolift cuttings and clear

the borehole Alternative drilling méhods may be appropriate in unconsolidated sediments. The driller brist

able tohandle situatiolswith excessivélowing groundwatet artesian wateffow or the release of underground
hazardougjagsandhavethe necessargquipment on site to control omitigate these issues should they arise.
These mitigation methods argypicallypackers and diverters.

The borehole diameter generally seems to vary between 120amdi178 mm with casingSmaller diameters
may cause problems for the installation of the BHEome of the federal states in Germany have
recommendations on diameter of the borehole in relation to the diameter of the-Big& BHESs with diameters
of DN 45 and DN 50 seems to be moving into the madsgtecially for deeper boreholes.&de larger thmeters
may result in a general increase in borehole diameter.

For the rotary mud drilling there is the option of drilling with or without casing. It sethasdrilling without
casing is mst common If drilling caselessijt is still common to have shoi2 ¢ 3 m) casing through the
overburden in order to control the flow of drilling mud and avoid collapse of the loose topsoil into the borehole.

Most countries have a general set loalth & safety rules that also apply to drilling sites. They distinguish
0SG6SSy aqavyltté FyR afl NBS¢ O2yaiNHzOUGA2Y aArxisSa Iy
personnel working on the site at a given time. The staff working on the site must dheaysare othis plan.

The minimum content of a drilling lodnsuld be information about the level of fluid in the borehole and the
geology of the borehole. Identifying information such as site name, date, position and identification of borehole,
name of company and drillmaster are also mandatory. The name of saxairiner is also very relevant, but

will have to be added later, if it is not done in the field. The frequency of the sampling varies between the
countries. The demands regarding the qualifications of sample examiner (driller or geologist) also ve&oies. In
countries mud loss, caverns/fractures, water yield and water salinity also must be reported.
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In complicated geology, it may be useful to do geophysical logging. Geophysical methods seem primarily to be
applied for research purposes, in special ge@algituations or in rare cases to measure deviation of boreholes.
There are no general requirements or official guidelifes geophysical logging for borehole systems
Temperature profiles are generally measuredamjunction with a thermal response 5@ R7. Because of heat
generated during the drilling process it is recommendable to wait for about one week until the heat has
dissipatedbefore temperature loggingn larger systems temperature profiles should be measured.

L FOUFATEAY T cN GDNRdziAYIE t NB

In order to protect the subsurface againstrusionof surfacecontaminantsor to avoid the risk of changing the
natural groundwater flow, the boreholes will require some form of sealing. The grouting and sealing of the
borehole should generally ensal that all aquitards that have been penetrated are resealed so that all
groundwater pressure levels are unchanged.

Most countries have a requirement for sealing penetrated aquitards as a minimum. Belgium and Garmany
stricter, dictatinga complete grating of BHEsConversely Sweden and Finland only have requirements for
sealing the top of the borehole and a complete swaly if the borehole is in a groundwater protection aread

/ or if a borehole connects two aquife penetrates contaminated $lo Therefore, only a small number of
boreholes arebackfilledin these countries. In addition to the sealing properties, the grout genesalyuld
ensure a good heat transfer and protect the pipes against mechanical damage.

As the legislativgrerequistes for grout concerns the sealing properties, it is possible to use other types of
materials in the boreholéhat providethe samefunctionality. This could be type of packer or curedn-place
liner. These technologies are not wid@lyuseand may be sed only if th& effectivenesdias ben proven and
accepted by theuthority having jurisdiction

Where grouting is mandatory, there is a consensus that the boreholes must be filled by pumping the grout slurry
fromthe bottom of the boreholdo the top. This isaccomplished by employinglarough a separate pipéremie

pipe). In case of deep boreholes i.e. high flow resistance resulting in high pumping pressure, separate pipes can
be taken to different levels. By utilizing the fact that the grout typycaldenser than the drilling mud in the
borehole the grout will displace the mud and fill the borehole completeypicallythe tremie pipeis leftin the
borehole after finishing the procedurén somecasesthe tremie pipe igetracted during filling In Belgium, this
procedure is mandatory. Vertical and horizontal groundwater flow in the borehole will impede the construction
of a tight seal as thavater flow may flush thegroutingmaterials away or form channels in them. Experiments
have shown that iygh pumpingpressureduring thegroutingprocesscombined withhigh density filling material

will improve the sealing properties in case of groundwater flawund the borehole. When layered filling
(resealing aquitards) is used the Netherlands it is aomon to use a larger diameter pipe inserted in the
borehole at the relevant depth. Pellets are then poured into the pipe to create a seal and the pipe is retracted
as the seal is created. Generalbgmmerciallypremixed filling materials are standard ihet participating
countries. There are examples of-site mixing but this approachppears to bdess prevalentThe industrial
products come with specifications of thermal conductivity and mixing ratios itt@ease the possibilitpf

getting the correctproperties from the filling. Special attentiameeds to be exerciseth saline areas. High
salinity will inhibit the swelling properties and requires a sulfate resistant filling material.

In some countries, bentonite is used to achieve the sealing priggerindustrial premixed grouting materials
have cement and rock powder as main constituents. Quartz, in some fappears as dypical thermal
enhancer. This may he the form offine-grained sand or a quarfzowder. Otherproductsuse graphite to
enharce the thermal propertie$urther. Cement contributes to achiévwg high physical stability. In order to be
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able to document the position of a seal, magnetite can be added to a filling matmizicedgrout). It must
be pointed out that smaller voids may undetected.

One of the issues with the pumped grout is the friction intifegnie pipe. Thisnaylead to pipe burshg. Adding
a liquefier similar to those used in concrete may reduce this problem. However, the chemical composition of
that liquefier must be approved for use in contact with aquifers.

For mixing of filling materials/groptontinuous mixers are frequently useatlje to ease of usdnowever,issues
with the mixing ratio of the produced groutave occurred Batch mixing will have a highprobability for
achievingcorrect mixing ratis. In Germany colloidal mixeese gaining a footing andre seen to replace the
two other mentioned technologies. The mixing procedure ensures a homogenous productahiRectorrect
ratio. Mixing and pumpingre two separate processes.

Regarding chemphysical properties there seems to be high confidence in the information from the
YI ydzFl Ol dzZNB NB Q dedpitelof kacw$ Gifferénces ihAdatashieet information and laboratory
measurements. In the datheet, there must be references to the standard methods and norms used in testing
the material. Sedimentation rate is a useful parameter in describing the physical propeftematerial
However, it is normally too timeonsuming to carry oudt the worksite. Viscosity tested by marsh funnel and
density are two parameters that relatively rapid acaheasily be tested ossite.

Only Germanyppearsto have a procedure in case of fllassduring grouting. If the injected amount twice

or more of the alculated amount, the work must stppnd the authorities must be informed. Gravel, sand or
grout of a higher density or a packer may help solve the probleimimperative that the drilling contractdre
prepared toaddresssituations with loss of fluidnd have the appropriate equipment, material and experience
to remedy the problem.

Geophysical measurements during and after groutiregenerally used if there is a suspicion that something is
wrong with the grouting/sealing. A shdttermal response tst (TRJand temperature logs may give some useful
indicationsabout the grout sealing. When using a short TRT to identify grouting problems it is necessary to
measure an undisturbed temperature log before the TRT. After the termination of the TRT ateotiperature

log should be measured. Gamrgamma logs can also be used to give information about the consistency of the
grout plug. If the grout in question has beenhancedwith magnetite it is possible to get an indication about
loss of suspension. Magtite enhancedmateriak allow for an automated controlled backfilling process and
subsequent measurement and controlling of the BHE. Such an automatic grouting ¢em&guiredin some
areasof Germany.

There are no general requirements regarding tlheireg time of grout. However, experimental investigation in
Germany indicates that a curing time of one month before the grout is subject to low temperatures greatly
reduces the risk of exfoliation of the grout.

Borehole Heat Exchangers

The procedure to istall the BHEpipes is typically to put the single or double U pipe on a reel, either motorized
or suspended from the drilling rig, connect weights to thédhd and fill the pipe withluid. The necessary
counterweight needs to be calculated. The weightsl thefluid reduce the buoyancy in the mudr water
filled boreholes. If the BHE ipre-filled with antifreeze mixture instead of watethis willomit the process of
replacing the water with antifreeze but may cause complications if thetBidieaks &using spillager contains

dirt. Spacers and centralizers are oftgpecifiedin projects but in practice thee device®sften causanstallation
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issues that outweigh any perceived or promised performasmbeantages. During the installation care must be
taken not to damage the pipes in the process.

Pressure tests or &kage tests are always requirdout often there is n@wonsistentprocedure for the test. The
duration of the test, the number of tests and the test pressure varies. The results of the testsgetimedess
reliable Significant leakage (order of magnituidditers per hour) can be detected easily while small lealch

I & & LIAnyaigd tinfietetted How tesing may indicate installation errors and provideneans to double
checkhead bsscalculations for circulation pumgizing It is recommended to carry out a flow test and compare
the results with the expected values.

Generally there is a requirement for electrofusiowelding of the horizontal connection pipes. This must be
carriedout by certified PRvelders. Threaded joints are generally not allowed to be covered with soil. Metal
joints are in some countries not allowed underground and generally should be avoided due to corrosion risk.
The pipes must be placed in a bed of sand auitrstones or sharp particles. A marker tape above the pipes may
reduce the risk of damage frofature excavation activities.

Test protocols and documentation can provide valuable informafifuture problemsare encountere@r when
system modificatiosare planned Generallythese test procedureapply to larger systems and the ternand
conditions will normally bespecifiedin the construction contract. For smaller systems, it is necessary to
document/test at least the following:
9 Borehole position, dimnsion and depth
Planned deviation of the borehole
BHE length, dimension, type, pressure class
Filling material and/or sealing material type, amount and position
Result ofpressure fleakage test
Heat carrier fluid type and concentration
Result of flowtest
Flowrate, duration and result of daeration process
Type/ method of connection to horizontal pipes
Position of the horizontal pipes
Type, dimensions, equipment and position of manifold, if present

=4 =4 =4 =4 =4 4 -4 -8 -8 -4

In Germany, the test protocol for horizontal pipaesad BHE is carried out according to VDI 4640. All other
participatingcountries rely on tendespecific requirements on larger systems. A visual inspection should be
carried out and documented with photos befobackfilling of trenches. A gradient on thieorizontal pipes will
facilitate air bleed. Flowrates for purging should be noted.

StartUp
It is recommended to carry out a proper check of function and performance of the system at commissioning. A
follow up check on function and performance after 5 ye@rsuggested.

For commissioning, there is a general reference to the normal conditions for deliveries.liStseek primarily
for mechanicatomponentsrefrigerans and antifreeze levels.

It is recommended that theuildingownerreceive instructiosthat provides at a minimuma basigrocedure
of how tooperate thesystem.
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Sweden, Germany and The Netherlands have comparable and high levels of documentation and instructions
that are handed oveto the building owner / operatarThe main elementsra:

Documentation for planning approval

Description of systemwith asc built drawings

Sequence of operation for thefictioning of the system

Description, manufacturspecificationsand datasheets for maisystemcomponents

Protocols for seltontrol

Ingruction for maintenance and operation

Efficiency calculation and EIA is mandatory in some countries

=a =4 =4 =4 -4 4 =4

Supervision of the Construction Process

Forlarger projects, it is generally the norm to have a consulthat isindependent of the drilling company to
provide oversighof the construction procesd here are no definitive standards concerning oversight protocols,
however, Sweden and Germany hagemewhat moreregulated procedures. Turnkey contracts will typically
have different conditions from trade or geral contracts e. g. supervision byhe consultant is much reduced

or non-existing. Somelevel of supervision during the construction process is recommended. The extent of
supervision is related to the size of the project and the type of contract.

Suliask 3Operation Phase

Supervision of Operation

Monitoring of GSHP and BTES system performance is important to confirm that the installed GSHP/BTES systen
meets the intended design criteria, to provide faditection possibilities and to support improvemt and
optimization of design and system control. Feedback provided by the performance monitoring is of use to
building owners and management staff as well as to designers and component manufacturers.

The monitoring of BHE and GSHP systems dffer®ollowing information:
1 Management, reliability, and fauttetection of BHEs and GSHP systems
1 Energy performance of the BHEs and the GSHP systems
1 Influence on ambient underground environment and groundwater

There are two main procedures for data acquisitimanual meter reading and automatized data acquisition.
Monitoring of small size GSHP systems can be carried out easily and economically via manual meter reading on
a regular basisat least monthly. For large s@&SHP systesnan automated data acquign procedure should

be employed.

uggestedparameters formonitoring in the BHE circuit in small systems are fluid temperatures, pressure, and
flow rates. Error messages displayed on the heat pump are also important. In large systédisonal
parameers for monitoringand evaluaton of the systemefficiency areeecommendedand an automated data
acquisition system is required. In addition to systemmanagement, monitoring capabilities allow for
performanceanalysis includinghe influenceon the undergound environment and groundwateand may be
required in gainingapprovalfor the project Underground temperatureand underground system inlet and
outlet fluid temperatures can provide valuable informatidor analysis and adjusting system performance
parameters

The GSHP system with BHES requany little maintenance. However, in order toaintainoperational reliability
of the GSHP system the following dateould be monitored andhecked:
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1 Minimum and maxinum inlet temperaturesof the BHE
9 Pressure tbp over time in theground loop
1 Error messages of the GSHP

The-BHEminimum and maxinum temperatures can be assumed to correspond to the discharge temperatures
of the brineexitingthe heat pump (evaporator or condenser)atingthe heat exchanger fatirect geothermal
cooling. These data can be picked up from most heat pumps. Furthermadsaydrthwhile monitoring the
current amount of heat extracted/injected from/into the groundspecially if a changa use of the building
occurs. If the amount)xeeds the design conditions, measures have to be taken to avoid too low or too high
subsurface temperatures. For reliability purposes, a supervisory control of the BHE and heasysiempis
recommendedwith an emphasign the temperatures and the presses of the groundloop.

The energy performance of a GSHP system is decisively determined by the efficiency of the heat pump.
Therefore, the system boundary for the energy performance calculatiostinclude the geothermal loop and

the heat pump includig an electrical backup heatemd allows a neutral comparison with other heating
systems. Detailed analyses of the energy performance during operation crossing this boundary usually requires
extra expenses for metrology. Therefore, this is only recommeridetirge size or costly (in purchase and/or
operation) systems.

The influence of BHEs on the underground environment and groundwater can be estimatezhbgringthe
discharge temperatures of the evaporator (in heating mode), the condenser (in meahanbling mode) or
the heat exchanger for direct geothermal cooling (in direct geothermal cooling moderdfin¢ depthanalyss
is required, further investments nay be necessary, e.g. additionahonitoring borehole(s)to control
groundwater level,@gular samplingegimeetc. Thereforejt isstronglyrecommended tanonitor temperatures
into the BHESs athe initial stages of the projectf the temperatures drop or rise beyond desigarameters
additional measureshould be implementedf there areno contractual prerequisite®r detailed supervision
and monitoringof the underground environment and groundwater, it is recommemdat a minimum,to
employ asupervisory contragystem to monitothe temperaturesof the BHES.

Monitoring

Monitoring in small systems has to be reduced to an absolute minimum for economic red$ensinimum
amount of monitoring points and themmanagementfor small size GSHP systems is the fluid inlet and outlet
temperatures of the BHE argystemflowrate. Simple heat raters provide all threelata points in conjunction
with manualdata reading. In some cases, these data are available from the heat pump aomtrahd can be
recorded manually on a regular basis.

Large systems typically hameichmore sophisticated conti systemsor full buildingautomation system (BAS)
control system A BAS isntelligentof both hardware and software, connecting heating, venting and air
conditioning(HVAC), lighting, security, and otlststemso communicate on a single platforfihe® system
allows for more sensors and data acquisiti@nd storage. In most casesutomatic dataacquisition and
evaluatian, withaccess to historical data is possible or can be implementedtie software without significant
additionalcosts.In additinn to fluid temperatures and flowratein the BHE circuithe electricity consumption

of the circulation pumgs)should be measured.
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Evaluation

Often, simple graphical display of temperatures, flowrate or heat extraction rate over times givgood
indicaion of the agreement between planning and operation. In additisnexpectedvariations can be seen in
such graphs and identified for further evaluation and interpretation.

For performance indication, COP and SPF can be used. Whitmn{y@#ates to theheat pump, SRFalues can

be calculated for different system boundaries, which have to be specified. In addition, energy savings and
reduction of C@emission in comparisowith conventional fossifueledboilers are interesting as performance
indicator.

New Technologies Related to Monitoring

Recently, the monitoring systems or services with internet for small size systems are grédxhealiying
available. Some heat pump manufacturers provide such services anenthe user has access to data via
internet and carobtainan overviewof the present status atheir system. Data can sometimes also be exported
for further evaluation.Some innovativeomparies are providingsmartphone applicatiosithat display system
performanceparametersand remote heat pumpantrol.

Subtask £roblemsFailures,Investigation andlution

Firsty, it mustbe emphasized that ithe vast majority otaseghere are very fewproblenmswith BHEs in GSHPs
and BTES systems. The fraction of systems with problems compared to th@uatbker of installations is
extremely small Neverthelesspccasional problem&ave occurred resulting in some serious impadgtsus,
properquality managementdf GSHPs and BTES systemastconsider suclprior failures and providenitigating
measures to aoid repeating mistakes.

In general, the problems with BHEs can result fr@ariousactivities carried outluring project executionThe
causemay originate from the local geological and hydrogeologmalametersnot being understood or
consideredfully resulting in inappropriate installation methodology addition, technicatausesand lack of
technical skillamay cause problems due to mistakes in the design #r&lconstruction itself. To avoid such
problems, both require wekducated and experiencembnsultants for desigras well as highly qualified drillers
and installers in the construction phasiéiso local authorities responsible for the permit, which typically have
excellent knowledge of the geology and hydrogeology in their aneest considerthe local situation during the
approval process.

There are hydrogeological risk potentials including mugtijuifer and layezd systems, artesian groundwater
flowsas well as differences in pressure potential of groundwater layibese are geologicalsk potentials such

as solution phenomena/pathways through perturbation systems, e.g. in the case of carbonate, sulphate or salt
rocks; flow movements e.g. flowing sands; mineral alterations/swelling (anhydrite/gypsum, clay minerals);
outgazing. Geotechaal risks, which include cavities, landfills and contaminated sitesthex considerations

Drilling into an artesian aquifer results in a rise of the groundwater level up to the surface. Such uncontrolled
flow and pressure loss may result fraifme use of improper drilling techniques or equipment selection.iff

special cases, the lower aquifer is leaking into a shallower aquifisr situation may not be immediately
recognized and thus is one of the main risks. In general, penetrating sealing(kydtards) requires extra care

and attentionandcan result in leakage of one aquifer into another if not sealed properly. Unexpected chemical
characteristics and hydraulic conditions can result in changes of water quality and increase or decrease of wate
level, which may affect foundation conditiossich asunforeseen settlement. When drilling into geological
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layersthat are fich in organicmatter or in volcanic areas, gas (e.g.20H, etc.) can occurwhich requires
appropriate technical measures &void problems.

Design Mistakes

Inall design and constructigryroundwater protectioris ahigh priority and any degradation in quality due to
1 introduction of pollutants from the surface,
91 leakages of the heat transfer fluid,
1 mixing of water of differenguality,

that changesthe biological composition of the ground watewstbe avoided.

Additionally, there are technical and anthropogenic risks due to design and construction phase errors. All of the
geological, hydrogeological and anthropogenic riskeptialsmentioned abovecan overlap.

Undersizing of the BHE field leads not only to insufficient heating power and too high heating costs, but also to
failures in the overall system. Unexpected costly repairs/replacements of components may be neceassary. |
water-filled boreholesasiscommon in some Scandinavian countrigss can result in freezing of the borehole
andthe BHE pipes can be damaged by buckling due tee#tternalpressure. This effect can also occur when
boreholes are too closely spacetihere are also exampled frost heaving damage due to freezing around
horizontal pipesand alsgpossibly at borehole connectiop®intsand casing.

Potential solutions are additional boreholes, additional heat source for regeneration of the borehokizald
heating system and shut down of the ground souboeefield at critical times. The same situation can occur
duringretrofit projectswhen an old heat pumpquipmentis replaced by a nesr unit with higher efficencies

Converselyoversizing is tyigally not problematicfor the operation of the system apart from the capital
expenditurebeinghigher than necessary.

Inaccurateload estimationgmay occur due tochanges inuser behavior or climatchangescompared tothe
assumptionsnadein the desigmrocess Buildingloadsmay beover-estimated due to a conservative estimate
done by the HVAC engineds a result, the system is over undersized Dlutions mentionedabovecanthen
be applied.

Misunderstanding of the geology, underground temperatarel groundthermal conductivity may result from
mistakes in interpretation of data extracted from a geological database. In large BHE fields, the geology may
vary within the BHEfield, or incorrect measurements wereobtained from a TRTresulting in incorret
determination of the thermal properties. Geological expertise is required in planning of such systems to be able
to verify the data. Thaesultis again that of an oveor undersized systenSufficienttest drillings adapted to

the size of the BHE fobland depth oriented geological TRT measurements and evaluation may haigvint
suchproblems.

Construction Mistakes
A revision of the design by the construction companied engineeis important for fast reaction in case of any
problems encounteredduring construction. The drillinghethod may notwork as planned in design phase
(depth, diameter, etc.). This can be solved by-design according to new information by the drillEroblems
during constructiomrmay include

1 planned final borehole depthot reached additional boreholes must then be drilled,

1 Installation depth of loop less than borehole depttonsider lower BHE length by-design,
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1 CGonnection of boreholes during drillingthere are ways to avoid this occurring, but that is a planning
issue,

1 Pipe leakage this occurs occasionally, mostly due to improperly welded connesbetween the BHE
and the horizontal pipe system and is typically observed during pressure testing prior to refilling of the
shaft,

1 Pipe clogging in most cases aadditional borehole is required,

91 PFipe collapsing in most cases an additional borehole is required,

9 Air purging- this is an essential issue performed after filling the system with brine; ventilation valves are
common on high points in the system; &oid problems with air (oxygen diffusion included), larger
systems are oftenauipped with vacuum air pging

1 Poor documentation while drilling; in many countries it is obligatory to report all boreholes to the
geological survey,

1 Cther geological and hydgeological conditions thathhoseexpected- change drilling and construction
method and redesign.

Potential problems while drilling arevumerousand cannot be discussed in detail here.gieneral,a well
educated, experienced and skilled operator of théllidg rig is required who can reatdb problems with
appropriate tools, materials and equipment. Therefore, thorough planningaagdod understanding of the
geology of the location is essential. Oftaite-specificsolutions are needed. It is necesstrykeep good contact
with the authorities when it comes to problems regarding drilling and unforeseen geology.

While installing the BHE loop problems may oaueh as
1 U-tube did not reach the scheduled deptlake out the Utube and drill again
9 Damageof U-tube due to bending take out the Utube, drill again if necessary and insert a nesube
1 Lack ofsufficientweight- take out the Utube and increase the weight
91 Descent of tube aftewithdrawal of the casing securethe tube at the topof the boreholeor deficient
grouting
1 Water leakage after inserting-tuibe - take out the Utube, drill again and insert a newtube
1 Installation without reeshouldbe avoided.

In many countries, proper sealing of boreholes by grouting is an important requirefieettefoe, the grouting
processmustbe carried out thoroughlyespecially when an aquitarid penetrated while drillingSecial focus
needs to be put on the grouting material and theethods and equipment used for mixing:he miing
equipmentused hago be appropriate for the material and the water/grout ratioust be kept exact. Some
grout properties like density or marsh time can easily be determined at the site to verify correct mixing.
Settlement is a potenal risk for improper groutingniareas 6 high geological risks like connection of aquifers
with different pressure or water quality or high differences in water temperature or connecti@nlofdrite

layer to aquifer Special focusnustbe put on thorough grouting. Magnetitenhancedgrouting rraterial allows

for check of grouting quality of the entire borehole.

Issues Whil®peration

During operation of a plantypicallyno major problems occur. In sonmmare caseschanges in the usage of a
buildingmay modify the heating and/or cooling loaddthusshow the same symptoms as andersized or
oversized system.hE solutionsare thesameaspreviouslydescribed
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In GSHP systems, theplacementof a heat pump with one that hashigher efficiencyhas an impact on the
energy balance. The extractedjected heat from the underground is increased while iwehole fieldsize
remains staticFor compensatiopadditionalboreholescan be drilledor the ground loadcan be dereasal by
adding supplementary heating or cooling sources.

Prevention of Dama&gand Failure

The recommendations giveor the design and the constructipas well as the operation will help farevent
damageand failure. Neverthelessyell trained and experience@ngineers /designers and contractorgiillers
are essential to avoigroblems. Approval authorities have the responsibilityitwestigaterisksand to approve
projects in awell-balancedmanner of required restrictions and tolerable impact on the undergrouddod
standardsprovidebest practice and should be accepted a}l players.

Environmental Assessment

In some countries, aore thoroughenvironmental assessment is required which studies the influences of
construction work and later system operation on the undergrowegpecially on the groundwatgfocusing on
temperature changes. In addition, the abeweentioned geological and hydrogeological imgashould be
included.
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Introduction

On a midand longterm perspective, the total energy consumption worldwid#l needbe satisfiedcompletely
by renewable energi® The available renewable forms are solar energy (solar rad@tidits secondary forms
like wind, biomass et}. which can be converted into electricity or thermal energgd geothermal energy
extracted from the underground, which can be used direictlthe form of low temperature heat. Geothermal
energy at high temperature level can be converted to electricity. Additionalhe heat capacity of the
underground can be used for thermal storatseof tidal power plantsarevery limited tocertainspas around
the world.

The thermal use of the underground is an important technology to increase energy efficiency for heating and
cooling in domestic and commercial applications. In some countries, the market for underground thermal energy
storage (UTBSor heating and coolin@nd especially for ground source heat pumps (G3id&grown rapidly

over the last years. Depending on the local geological situation, different technologies are applied. Besides
aquiferbased systems like aquifer thermal eneggrage (ATES) or groundwater heat pumps, systems with
borehole heat exchangers (BHES) like borehole thermal energy st@BAdES) or heat pumps with BHite the

most popular applications. They cover a wide range from family homes to large commerdialgsuibr heating,
cooling, combined heating and coolires well as very large BTES for seasonal storage of heat (e.g. in solar
district heating systems, cogeneration, eté&k aconsequence, such growing markets require special effort in
guality managerant to achieve well running systems without harmful effect to the underground environment.

Objectives of Annex 27

The overall objectives of Annex 27 aresexure good qualitpracticesand avoid mistakes and failures related
to the borehole system in deagi, constructionand operation. Information and knowledge collected should
serve as a basis for national and international standards guidelinesAdditionally the compiled experiences
of the international expert@roup will be a valuable contributidor education of consultants, drillers, installers
and operational staff.

These objectives, when fully implementedijll make GSHPs with BHEs and BTES technically safer, more cost
efficient and willpromote the future wide ¢ spreaduse of this technology Consequently, the knowledge and
confidence of the regulatry bodies in this technology should beinforced to avoid ineffective restrictions
resulting in increasing costs.

The specific objectives are:

Collect and compile national standards and guideifee BTES/BHE for heating and cooling
Analyze national design procedures and construction methods

Identify and investigate problems of the design and construction phases

Work out handbooks and guidelines for design and construction in order to avoic fotistakes
Investigate operational failures

Work out preventative guidelines for monitoring, maintenanaed rehabilitation measures
Identify related problems in order to establish further R&D

= =4 =4 =4 =4 4 A

Additionally, the intensive collaboration wittCEN/T@51 WG 22y a02NBK2t S rKbdtie SEO
contribution of Annex 27 became an important outcome of Annex 27. The new standard will be launched in
2020.
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Scope of Annex 27
The scope of this Annex includes quality management issues of borehole heat exchanggosifol source
heat pumps and BTES in all project phases ranging from destgnstruction to operation.

Annex 27 is organized in four subtasks covering the major project phases:

Subtask 1
Design Phase
Leader: Sweden

Subtask 2
Construction Phase
Leader: Denmark

Subtask 3
Operation Phase
Leader: Japan

Subtask 4
Problems, failures, investigation,
solution and environmental
assessment
Leader: Germany

The major content of the four subtasks is determined by typical aietivih the different project phases.

1. Design phase

Energy concept
Prefeasibility
Feasibility

Detailed planning
Approval procedure
Call for tenders

= =4 4 -4 -4

2. (Qonstruction phase

Site preparation

Drilling methods

Borehole heat exchangers
Grouting

Final testmethods

Startup

= =4 4 -4 —a -4

3. Operation
1 Supervisiorand monitoringof operation
1 Maintenance

4. Problems, failures, investigation and solution and environmental assessment
1 Common problems with BHEs and BTES
1 Problemgesultingfrom poor grouting
1 Problems deriving from madfication of design parameters
1 Description of methodshow to avoid and how to solve these problemeemediation

ECES Annex 27 ?
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Work Approach

To getthe most complete overview on the techniques applidthe situation in the participating countries
local expertavere enlisted to complete commoquestionnaires for each subtask developed by the Annex 27
team. The answers of these questionnaires were compiled and discussed in detail in trenseali exper®
meetings. Together with detailed information from a sergdspresentations about practical experiences and
results from current research projects in different countries the results of the questionnaires are compiled to
subtask reports.

Thisfinal report is based on the four subtask reports provided by the sublaaders from Sweden (Signhild
Gehlinand Olof AnderssgnDenmark (Henrik Bjorn), Japan (Katsunori Nagano and Takao Katsura) and Germany
(Manfred Reuss) by compiling the contributions of the experts from all participating cosiBa&tgium, Canada,

Chha, Denmark, Finland, Germany, Japan, South Korea, Sweden, The Netherlands and Turkey.
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Legislation

The general objective dll legislation is to protect the groundwater and the undergrousavironment by
preventingany harmful changeThe significandifferences in geological situatisnequire an approach adapted
to the actual site geologwgs it is evident thategulatoryentities rely onpriori that do not necessarilgoincide
with the geological and hydrogeological situations.

The level of legisteon on construction of borehole heat exchangers is knowivdoy considerablypetween
countries. Rules and regulations may alsoy within a specific countrfe.g. Germany and Belgiumi¢pending
on the region. Furthermore, there may be variations in tbgislation depending on the size of the borehole
heat exchanger systenT.hese differences are partly due gmological situation but partly also due to the
emphasis that eachountry places on intrusions into the undergrod e.g. the sheer number of sysis in a
given location.

The various laws, acts, codes, standards, norms, guidelines, protocolsandaggulations primarily focus on
avoiding negative environmental effects from the construction and operation of the borehole. Information on
how to canstruct and operate is much scarcer.

The legal enforcement is by law and a permit is given by the local environmental agemeyst countries
permitswill normally not need to be renewedbut nevertheless in some countries the permit is limited in time

l'a INBdzyR a2dzNODS KSFiGAy3a Aa || aySégée (GSOKyzfz23e 02
common to see BHESs as an additioror as an implicit part to existing rules.

Even though there are differences in scope and volume of the legis)atiere are also a few important
common denominators.

The various acts express a general concern about potential negative effects on the quality of the groundwater.

In countries where groundwater supplies a large part of the drinking water, the rulegmong sealing of the
borehole are generally stricter and more comprehensive than in countries with less focus on the groundwater.

Environmental protection is also a point of general agreement that applies to most countries. The BHE must not
cause a negate effect in terms of temperature or contaminants. Nor is it allowed to create a situation where
the BHE increase the possibility for groundwater to move in or along the borehole and enter a diffguét

or a formerly dry formation or to transport argpread contaminants from the surface to deeper levels. It is also
very important to avoid damages to buildings next to the BHE. Damages can be caused by swelling materials
(such as anhydrite) or by subsidence. An overview of the legislative conditiobg caen irTable A21 in the
appendix

Summed upthe legislation on BHESs focuses on avoiding adverse effects on groundwatetherehvironment
in general. Adverse effect is generally loosely defined and how toidvt is almost notaddressed
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Glossary

This glossary defines some specific terms used in the Final Report.

Aquifer thermal energy storage (ATES)

This storage system uses the water in aquifers to store thermal energy. Extracted ground water can be used
ether for heating (often in combination with a heat pump) or cooling. After the transmission of heat the water

is reinjected into the aquifer. This technology is especially appropriate for a seasonal storage.

Borehole Heat Exchanger (BHE)

In this reportit is used for the vertical loop in the borehole, normally coriaigbf a single or double plastic-U
pipe.As a comment, the definition of BHE differs between countries. The reader should bear in mind that BHE
can also be used to describe the total systeonehole construction, including the borehole, the backfilling and

the U-pipe.

Borehole Heat Exchanger Field (BHEF)
An area with several BHES systems that are either connected or not in the same hydraulic circulation system.

Borehole Thermal Energy Staed@TES)

BTESre used for a closed loop system with a number of vertical boreholes to actively store thermal energy
(heat and/or cold) in the underground, most common seasonally. Often heat pumps are used for the extraction
of heat.

Coefficient of Perforance (COP)
The COP of a heat pump or refrigerator is the ratio of provided heating or cooling to work required. Higher COPs
eguate to lower operating costs. The COP of a heat pump often is in the rangedof 3

Designer / Engineer / Contractor

Large projets with detailed planning based e.g. on system simulation are typically designed by engineers while
small projects (family homes) are often carried auth planning based on experiences from similar projects in
the same area carried out by a designer vikavell trained but not necessarily has a higher education like an
engineer.

The contractor is often a drilling company with an additional team specialized on pipe work. In large projects
sometimes specialized companies were subcontracted.

Direct (geotlermal) cooling systems
Direct (geothermal) cooling systems are systewtsch use the underground directly as a heat sink for cooling
without assistancef a heat pump/cooling machine.

Distributed Thermal Response TE&TRT)
This advanced TRiBes optic fibers or other equipment such as wireless or submersible sensors, to measure
temperature along the borehole depth. Such alternatives are available in a few countries but are yet rarely used.

Down the Hold¢HammerDTH)
Form of hammer drilling that uses amhjackhammescrewedon the bottom of a drill string
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Energy Conservation through Energy Storage (ECES)

In the future, most sustainable energy infrastructure energy (electrical and heat) storages will play an important
role by dealing with periods of enegrg@ver and under production. As electricity cannot simply be stored directly,
GKS SySNHe&e Aa O2y@SNISR Ayid2 y2GKSNJ Y2NB &d02NFof S
research, development, implementation and integration of energyage technologies.

Earth Energy Designer (EED)
EED is a P@ogram for vertical borehole heat exchanger design and often use for planning GSHP and BTES.

Enhancedseothermal Response Test (ElGRT
Synonym for DTRT

Geothermal Response Test (GRT)
Synonym for TR

Ground Source Heat Pump (GSHP)

GSHP systems are closed loop systems with a vertical borehole as a heat source for a heat pump. They are
designed to extract or inject thermal energy (heat or cold) from or to the underground that recovers in a passive
way. The number of boreholes and heat pumps varies depending on the size of application.

High Temperatur8orehole Thermal Energy Storagd-BTES)
HT-BTES systems are designed with the purpose to activelylstateat high temperaturesn the underground,
most commonly seasonally.

International Energy Agency (IEA)
IEA is an autonomous intergovernmental organization acting as a policy adviser and promoter of alternative
energies.

MinimumRequiredSrength (MRS)

According to 1ISO 9080 the minimum required stigm(MRS) at 20C and 50 years for a pipe with SDR 11 is

10 MPa for PE100 and 8 MPa for PE8O giving the design stress 8 MPa and 6.3 MPa, respectively and safety facto
1.25.

Polyethylene (PE)
Type of plastic

Polyethylene with crodiked structure (PEX)
PE with a certain molecular structure

Polyethylenghat can stand higher temperatures (PE RT)

Polypropylene (PP)
Type of plastic

Seasonal Coefficient of Performan8€QP)
Annual average COP

Seasonal BrformanceFactor (SPF)
Synonym for SCOP
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Technical Calboration Platform (TCP)
The TCP of IEA supports the work of independent, international groups that investigate energy technologies and
related issues.

Thermal Response Test (TRT)

A TRT is used to determine the thermal properties of the ground, whickal§oti designing GSHP and BTES.
Water circulates in a system consisting of a BHE inside a borehole and a heater or chiller. While heating or cooling
with constant power the inlet and outlet temperature is measured.
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1. Subtask 1: Design Phase

1.1. Preface

This report is a subtask report within International Energy Agency (IEA) Technical Collaboration Platform (TCP)
Energy Conservation through Energy Storage (ECES) Ann&uality Management in Design, Construction

and Operation of Borehole Systerfibe pubication is the final report for IEA ECES Annex 27 Subtask 1: Design
Phase and is based on a survey on design phase considerations, answered by the 11 countries participating in
the Annex.

Contributing countries:Belgium, Canada, China, Denmark, Finlanekm@ny, Japan, Korea, Netherlands,
Sweden, Turkey

Information provided by:Wim Boydens (Belgium), Ywan De Jonghe (Belgium), Luc Francois (Belgium), Mathias
Possemiers (Belgium) and Bertrand Waucquez (Belgium), Mark Metzner (Canada), Yang Lingyardd@iina),

Bjgrn (Denmark), Teppo Arola (Finland), Asmo Huusko (Finland), Mathieu Riegger (Germany), Roman Zorr
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1.2. Subtasi&ope andimitations

This IEA ECES Annex 27 subtask report covers the design phase fos@thyodp borehole system used for
extraction and storage of thermal energy in the underground by the use of borehole heat exchangers (BHE).

From a system point of viewhe subtask covers any Bislstem, regardless the size of application and the
working temperatures used in the systems. The technical boundary is defined as the loop in which the heat
carrier (fluid) is circulated.

The design phase typically starts with feasibility studies (preferably in two steps) and ends up with a detailed
design and céafor bids (tender).

The design of a BFdystem is dependent on a number of parameters, of which some are connected teehe
that the system serves (typically a residential or commercial/institutional building). Another set of parameters
is related to stface and underground conditions.

Dependingontype of system there are also parameters linked to configuration of boreholes and energy balance.
In practice there is a range of operation modes that must be considered in the design. For this iteiasdgn
importanceto use commonly applied system definiten

This working paper is based on answers from a questionnaire that was sent to the 11 participating countries and
2y RA&OdzAaaArAz2yd G GKS SELISNIA&AQ YSSiA yhddueshoyinaifedag R 6 S
attached as tables, one for each item.

The final goal with Subtask 1 is to provide recommendations for best practice design, independent of country.

1.3. Systentoncepts andefinitions

The design varies with respect to borehole depth,atise between boreholes, brine working temperatures and
mode of operation depending on the intended type of system. The discusaidhg beginning of théAnnex

stated that all systems that use boreholes for exchange of heat and/or cold should be coddideeeThe
different systems as defined within thdginex are GSHP (Ground Source Heat Pump), BTES (Borehole Thermal
Energy Storage), FHTES (High Temperature Borehole Thermal Energy Storage) and Direct (geothermal) cooling
systems.The different systendefinitions and other terminology used in this repodre explained in the
Glossary

The majoity of the participating countries share ¢sedefinitions, while a few do noand others may not be
familiar with the terminology, se@able A%l: How are BTES and GSHP systems defidadéuntries with
existing guidelines, the definitions are of a more general character (Germany and ldet®r Regarding HT
BTES there is yet no temperature definition established.

It is recommended that the definitiongrom this report should be used in order to establish a common
terminology for different systems in order to link this Annex back to thenfier ones and existing guidelines.
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1.4. DesignApproach

1.4.1. Parameters andools

The design parameters are generally the same in all countries, but the tools used for design vary. Often
experience, tables or simplified design algorithms are used for smaller sysdechgalculation software and
simulation models for larger projects.

Examples of tools used for design of BTES and larger GSHP systems are
design tools, such ag€ED, GLHEPRO, GEENI®", GEOSYST, GLD, {\}
™

EWS, GAlAand simulation tools, such &8EFLOWDST, SBM and SMP.
General building and plant simulatiaoftware suite like TRNSYS an
IDAICEIintegrate complex building and plant models which incluc
models of heat pumps, chillers, BTES and other geothermal syst
but their focus is on the overalystem rather than on the geothermal €5V
plant. While design tools are usétendly, fast and can be used to 3
quicklymodel many design variations, advanced simulation tools are
slower but allow for higher degrees of complexity and more detailed
simulation.

N

Design parameters and models for simulation used in different countries are shoViabla A12: What are the
main design parameters and tools used for design?

It is recommended thatlesigntools are used in the feakility stage of projects larger than single boreholes
and that other, more sophisticatedimulationtools be considered in the detailed design phase, especially for
more complex systems. It is also recommendedctmsiderexisting or planned new ATES, GSHnd BTES
systems in the neighborhood.

1.4.2. Heat andXld Sources
The heat source for a pure extraction system is the solar ¢
geothermal heat stored naturally in the ground. Typical heat and ¢
sources for storage in BTES systems would be waste heat&oling
systens and waste cold from the evaporators of heat pumps.

However, heat from solar collectors and waste heat from indust
processes (cogeneration included) are regarded as sources. The
ones would be for high temperature storage (BTEY As special
cases solar heat from asphalt surfaces and heat from sewers
applied, se€TableAl1-3: What are common heat sources for storag =~
(BTES)? Figurel-1: Solar thermal collector

There are a number of other heat sources used in BTES systeimdy for seasonal storage. The most common
ones are outdoor air (condenser coolers and cooling towers), warm surface water (dams, lakes and streams),
waste heat from centralized ventilation systems and excess heat from solar collectorBalseeA14: What

other heat sources are applied?
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Except for heat pump evaporators, cold surface water and cold air are the most common cold sources, but also
snow and ice meltingreused in some countries. Gas expansiomdustrial processes may be another but rare
application, sed able A15: What sources for storage of coldeaapplied?

It is recommended that available different sources of cold and heat shall be consideredtaditd in an early
stage of any BTES applications.

1.4.3. LoadCharacteristics

Heat and cooling loads

Many GSHP systems and BTES systems for older or large buildings espembdiyr climatic regions would
typically not cover the maximum heat load. Commotmigge systems are designed to cover 80% of the heat
load, se€Table A16: What are the heat and cold load coverages assumed in BTESSHP designPhe reason

is that 100% load coverage in many cases wouldirequnfeasibly large number of boreholes as well as an
unfavorable size of heat pump.

In BTES systems the base cooling load would typically be covered by direct (geothermal) cooling from the
storage, while the peak load is covered by the heat pumpommesdesigns the heat pump is working as a chiller

and all colingis produced this way. The condenser heat is then stored in the BTES and recovered during the
following heating season.

New buildings, constructed according to recent buildi
codes, are betr insulated and more energy efficient. Su o
buildings have lower maximum loads and less pronoun

One difficulty in these designs is how to deal with t
production of domestic hot water (DHW) at 60°C.DHW
production tends to make up for an increasipgrcentage = s+
of the total heat consumption in such buildings, especially M heating energy M cooling energy

within the resdential sector. Figurel-2: Typicaheating and cooling load

Mar  Apr Mai Jun Jul Aug  Sep Okt  Nov  Dez

It is recommended to identify the maximum heating and
cooling loads, the heating and cooling temperature programs and the expected usag®wiestic hot water
in the early stages of the project

Peak heat load shaving

The peak load for heimg (40¢ 20 %) is frequently covered by fuels that are normally used for heating in the
respective countries (natural gas, oil and coal). In some countries, district heating and electricaveileysd,
seeTable A17: Which auxiliary heating sources are ustgeak load?Small GSHP system often use electric or

gas peak load heating. The choice of peak load source is decided for economy reasons, e.g. in Germany gas 0
oil is used, as that provides the least erpive alternative.

Peak load shaving should not be confused witkcalted bivalent systems or hybrid systems, where multiple
energy solutions are combined to cover the base load.
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If peak load heat is required, it is recommended to study different solnicand chose the site specific one
that is most economically feasible/environmentally friendfyom a longterm perspective.

Peak cooling load shaving

Normally the peak load for cooling is covereddpgratingthe heat pump as a chiller. The excess heaither
disposed of by using condenser coolers or cooling towers or stored in the underground. An additional chiller
may be necessary if the cooling load is considerably larger than the heat loacadsigmulators (buffer tanks)

may be an option for shro peaks.

For residential buildings, peak cooling load shaving is of lower interest. Direct cooling from the underground
provides a base load that is better and more feasible than no cooling at allladde A18: Which auxiliary
cooling sairces are used at peak load?

If peak load for cooling is required, it is recommended to study different solutions, buffer tanks included, based
on cooling load duration.

1.4.4. BoreholeDistance

The distance between boreholes dependsainly on geological conditions (i.e.
the ground thermal properties), intended final drilling depth (deeper systems
using larger distance between boreholes to prevent damage during drilling) & e
load characteristics. For BTES applications the calculb&gthal balance of the
system will also be an important factor. Commonly the optimal boreho'
distance ends up between-3L0 m for multiborehole BTES systems. Howeve;
some countries have legislations stating more specific distances. In gegheral Q

distance between boreholesvould be closer for high temperature storage ¢(H f%‘«w B

BTES).

Figure 1-3: Thermall
For independent boreholesinteracting boreholesBTES

(boreholes that do not

significantly interact thermally) in systems for extraction of
KSIG 2NJ O2fR 2yfeé25mseédmstbob&S¢ R
applied in most countries (in some cases legislated),Tsd®e
Al-9 What is a typical distance between two independent
boreholes? but the distance largely depends on the ground
thermal properties, existence of groundtes, direction of
groundwater flow and energy load profile. The distance is also
of importance in order to not create a thermal impact on
neighboring properties. In the Netherlands largesrehole
spacingdistances (sometimes 3% m) are required.

Figurel-4: Independent boreholesGSHPs

It is of great importance to differentiate between GSHP and BTES when it comes to distance between
boreholes. It is recommended to use a simulation tool to forecast the lbergn temperature development of
the system including adjacent systems in the neighborhood

1.4.5. BoreholeDepth

Urban areas with limited or restricted space to place boreholes sometimes require deep boreholes. Also
deviated (angled) boreholes are sometimes used. This is the case in Scandinavian counties with crystalline rock

ECES Annex 27
BoreSysQM




34 IEA ECES ANNEX &lbtask 1: Design Phase

where boreholes down t800-400 m are applied. Pressure drop and thermal sfooitting increases significantly
with increasing depth and must lm®nsidered

However, from a technical point of view 1200 m seems to be a practical depth limit in most other countries
with mostly dimentary rock. As shown irable A110: How deep is a typical borele? Are deviated boreholes
used? some countries have regulations for maximum borehole depth. Angled (deviated) boreholes are rarely
used in thee cases.

It is recommended to use sigpecific geological conditions and country specific regulations fbe
determination of borehole depth.

1.4.6. UndisturbedGround Temperature

The undisturbed ground temperature is an essential parameterittattifiesthe temperature conditions in the

ground before any heat extraction or injection has been done. The ground temperature strongly affects the
design of GSHP systems but will not be of the same importance for BTES systems, other than as a parameter fol
heat losss to the surroundinggeology The undisturbed ground temperature used for design denotes the
average undisturbed ground temperature calculated over the total borehole depth.

The temperature at Q-15 meters depth typically reflects the average ambient arirteanperature at the site.

With increasing depththe local geothermal gradient will add a slight temperature increase,Tsdxde Atll

How does the underground temperature vary at different locations and depth@rban areasheat leakage

from buildings, paved surfaces, power lines, underground tunnels etc. influences the temperature profile in the
ground. This thermal influence may reach more than 100 meters below the ground surface, depending on the
temperatureand age of the buildings and other constructions at and below the ground surface.

In the feasibility stage of a project it is recommendéal estimatethe undisturbed ground temperature based

on average air temperature over the year at the location. Coriieats should be made with respect to the local
IS2GKSNXIFE 3INIRASY(HGZ FyR (2 I 002 dzyidatisead&l »y Ef d=Sy &S N
it is recommended to measure the temperature profile as a part of a thermal response test (TRT).

1.4.7. Heat Carrier Huid

Use of antireeze
Antifreeze in the heat carrier fluid is used to allow for a working temperature below
freezing point of water.

For groundwateffilled boreholes in Scandinavia ethanol with a concentration up to
28% is used. This also an option in some other countries, but for grouted boreholes m
commonly glycols at a concentration up 30% seems to be usedlade A112 What
types of antifreeze are used?

The upper limit of ethanol mture is 28%. Higher concentration will make it flammable. On the other 28%d

will protect the fluid from freezing down to a point far below the lowest heat carrier fluid temperature, also
considering freezing of the heat pump evaporator. The san@ésfor glycol at a concentration up to 3%. In

many cases these concentrations aignificantlyabove what is needed and have a negative effect on fluid
thermal and flow properties as well @asimpingcosts. In the Netherlangiigher concentrations areften used

to act as a biocide (no bacterial growth), and it is strongly recommended to use pure products only, without
additives (corrosion inhibitors, biocides, gtc
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It is recommended to use the country specific antifree®wever, not at a higher cacentration than
necessary.

Heat carrier fluid temperature

Most applications seem to be designed for a few degrees below the freezing point as lowest an
to 30 - 35°C degrees as highest. However, -BTES applications (heat storage) operate with
temperatures up to 80C, seelTable A113: What are typical working fluid temperatures in a BTES
loop?.

T

It is recommended to choose material for BHE and connecting piping with regards to th
temperature of the heat carriefluid.

Freezing of boreholes Q
This item is mainly related to groundwatgited (ungrouted) boreholes. However, in countries with
grouted boreholes this may be an issue related to changes of the grout properties.

There seems to be a tendency to avoidefzang of grout in most countries due to potential damages to the grout
sealing properties. This is reflected by national codes and regulations in China, Germany and Netherlands, see
Table A%14: Is freezing of boreholes common and are there precautions taken to prevent damages?

It is recommended to avoid freezing of groundwatéiied boreholes as well as grouted boreholes. If
temperatures below the freezing point are used, a return fluid temperature from the heatnp to the
borehole(s) 0f3°C should be the lower limit.

1.5. PrefeasibilitySudies

This section relates to BTES and larger GSHP systems, whéeagbdity studies may be a first phase in the
feasibility stage. The results will normally serve as a pafidiecision for users to continue with the concept or
to stop further development.

1.5.1. Scope
@ EEI A prefeasibility report will typically be a desktop study where the BTES or GSHP options
:H: vl are compared to other forms of heating and cooling, for example district
) ) heating/cooling orfossilfuel fired boilers. If the result from this initial study comes out
lafln ™ === "= favorably, the projectnaybe further developed
v ! )
S—

There seems to be consensus that a-ferasibility report is a desktop study, s€able A115.

It is recommended to start the development of larger BTES or GSHP projects by performing a desktop study
based on information that is inexpensive amdadily available

1.5.2. Layout andContent

Depending on the situation, the content and Jayt of a prefeasibility report may vary. However, site plans,
topographic maps, geological maps, hydrogeological maps, databases on existing wells and boreholes, energy
load and temperature demands, predesign and economic calculations to compare wiheatargy systems

are important issues to cover. As seeable A%16, there are slightly different views in different countries.
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It is recommended to cover as much information as possible, especially orcgadtions and energy load
characteristics that may be easily found in databases.

1.5.3. Sources oinformation

Geological maps
Geological maps are essential for prediction of the stratigraphy and
properties of soil and rocks. Useful maps seem to be availabledouadtries
in different scales in some countries also borehole logs are available, set
Table A%17.

It is recommended to always use geological maps as a first step to describe
the local geological conditions.

Geolmical database
Data from existing wells and boreholes is very important for understanding the geology at any given site. Such
information is more or less freely available in some countries;Tedxde A118.

In counties that have free availability to geological databases, it is recommended to always use such
information at the initial stage of any project. In countries that lack such information, geological expertise
and local drilling contractors should be consulted

Hydrogeological information

Hydrogeological conditions play an important role for any type of system application. The groundwater level
RSTAYySa GKS GlOKSNXIffe I OifiledBoreboedNBoindstbé d8goihiedkier Ay
in alltypes of applications, as well as the natural groundwater flow.

Information on hydrogeological conditions can be found through hydrogeological maps and in different
databases in most countries. Only a few countries have databases for existing energyldémrederable At
109.

Since groundwater always plays an important role for any project it is recommended to search for information
on aquifers and groundwater level(s) in a prefeasibility stage.

Underground obstaes and limitations

Restricted areas may make it difficult or even impossible to drill and in¢
borehole heat exchangers. There could be a conflict with large undergrc
infrastructure such as tunnels. There may also be mining areas
groundwater proection areas, se&€able A120.

To avoid damage to pipes (water, wastewater, gas, district heating grids
and cables (power, IT, etc.) below ground surfager to drillingthe boreholes,
these obstaclesustbe identified as early as possible in the feasib#itgge. Thisnayalso beestablishedater

in a project developmentn most of the countriesthere appears to be free of change services to determine
underground obstacleseeTable A124.

It is recommended to always make a survey on underground piping and cables or other infrasteuctur
installations beneath the surface before assigning a drill site, and to always check if a site for drilling is a
restricted area
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Geotechnical conditions

There is always a certain risk for damages caused by the local geotechnical properties that may be addressed in
the prefeasibility stage. Some of these adentifiedin Table A121. In tectonic areas, such as in Turkey, special
considerations must be taken. Geotechnical reports are often compiled prior to building construction. These
may be found in building archives.

It is recommended to always perform a geotechnical risk analysminly consideringthe occurrence of
geological layers that may cause heaving or settlement.

Legal aspects

Legal aspects should be addressed at an early stage in any projects. As siiabie iA122, in most countries

the user of the system must own the property on which the site will be installed, or by easement use of another
property. After completed installation, the system becomes a part of the property and may change ownership.

It is recommended to always check preqty borders as well as potential easement documents in order to
place the planned drill site in accordance with legal conditions.

Environmental issues
In the prefeasibility stage potential local environmental impacts must be considered. *
is likewisemportant to address the environmental benefits as showiaible A123.

It is recommended to always perform a local environmental risk analysis at an e¢
stage of any project and to value the global environmentanefits such as reduction
of greenhouse gases. Accessibility for the drill rig should be checked. Check als
contaminated soil, as this affects how to deal with excess water from the drilling
process.

Economic considerations
Customers often want to low about the economics of a system at an early stage. This means an estimate of
investment, savingand profitability. As shown iable A125, this is the case in all countries.

It is recommended to make a roughsmate of the investment cost, energy savings and profitability at an
early stage of the project

1.6. Feasibilitybhase

1.6.1. Scope

This phase should be a further development of the-farasibility phase including esite tests (if necessary) and
ends up with a mar comprehensive report. Except for a few countries this seems to be common practice, see
Table A126.

Typically one or several tesholes are drilled and documented and tested. Furthermore, detailed data
(occasionlly specially logged) on heat and/or cooling load characteristics as well as temperature profiles are
obtained and used as basis for design. Environmental and legal aspects are also more thoroughly considered.

In Germanythe special edition of HOAI / AHDY G { SNIWAOSAa T2NJ dKS L I yyAy3
specifies the services in the different project phases. The HOAI / AHO is a professional association of architects
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and engineers that represents their interest in business competition and renatinar This special document
has been available since 2011.

It is recommended to regard the feasibility study as a further development of thefesesibility study, mainly
based on testholes and detailed information on heat and/or cooling load characteigs.

1.6.2. TestholeDrillings

Placement

There is consensus that test drillings should be placed close to or preferably inside the final borehole field to
serve best. Exact location is defined by geological conditions and land availability and survey ofoundergr
obstacles, se@able A127.

It is recommended to preferably place the test hole(s) inside the anticipated borehole field to be incorporated
in the final system.

Permit for test drilling
Beforethe start of driling, a permit may be needed.

As shown iTable A28 practice varies. In some of the countries a permit is required, in others only information
to authoritiesneeds tobe given, and in some countrighere is no grmit requirement at all.

If a permit for test-hole drilling is required, it is recommended to have the permit before the drilling takes
place.

Later use of test holes
As can be seen froffiable A1-29the test holesare usually incorporatedh the final system in all countries.

It is recommended to place the testoles in a way that they can be later incorporated in the final system.

Depth of test holes
The depth of test holess normally similar to the bore depth ifinal system in all countries, sdable A130.

It is recommended to drill the tedboreholes so that its depth and size correspond to the depth and size of the
final system, since it is recommended to use the tbstehole as part of the final system. In any caslee test
borehole should not be shorter than the final drillings.

Number of test holes and TRT

This subject is of great importance when it comes to reliability and quality of borehole system desigoryn the

the larger system the more data is required. This matter has previously been discussed within IEA ECES Anne:
13 and 21.

The answers indicate that in many countries a test hole is defined as a borehole in which a thermal response
test (TRT) is perfornae In these countries, preferably the ones that use grouted boreholes, the number of test
holes is equal to the number of TRT. In Canada there are also guidelines that tell how to document these test
holes, seeTable A131. In other countries one borehole followed by a TRT is applisdallyfor largescale
projects. Some countries try to follow the recommendations stated by previous ECES Annexaditibimal

test borenolescommensuratdarger projectsizes Notall the testboreholes are necessarily used for BRITis

ECES Annex 27>
Sys




39 IEA ECES ANNEX, &lbtask 1: Design Phase

important to keep good documentation during drilling, as this provides useful information of the homogeneity
of the borehole field and thus indicates the need for multiple test holes and TRT.

It is recommended to use as many tdsbreholes as required based on the size of project, sifecific
geological and hydrogeological conditions and desigrarameter quality objectives As a minimum
requirement it is recommended to use one test hole and TtR3t for every10-30 boreholes.

1.6.3. Documentation duringestDrilling

Stratigraphy (geological layers)

It seems like almost all countries apply geological profiling by ocular classification of cuttings by the driller and/or
sampling for analyses elsewhere,es€able A132 In general, with production drilling for borehole heat
exchanger systems, very detailed descriptions of stratigraphy (e.g. according to ASTM D2113 or ISO 22475
1:2006) is not required and usually matssible to make (because usualhe only gescuttingsandit is difficult

to measure the groundwater level andist changhg during the drilling proces$. However, during the drilling
procedure,the driller should be able to identify the main layersceantered and especially be able to identify
sealing layers (aquitards).

maf
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LY FRRAGAZ2Y (2 RNAfESNBRQ 23 ayérs by aufitidsty acvuva® gamplirg 0 2
and categorizing, especially in sediments and sedimentary rock. It is of special interest to document all
aquitard layers, which may in some cases require geophysical logging.

Permeable zones (productive watetding fractures or layers)
Occurrence of one or multiple aquifers or permeable fracture zones it
important information for design of a borehotg/stem.

Theinformation obtainedduring drillingidentify that permeable zones orf
fractures areencountered and g documented mainly by aiifting
measurements at aidrilling and loss of circulation when drilling witl
water or mud. It is essentidbr the drilling operator tobe experienced,
seeTable A133. e eaons et

B

In addition toRNA £ f SNDa 23> AdG Aa N pavity @yliRgSvRN air2or 1068 of & dzNBS
circulation (drilling with water or mud) to detect permeable layers or fractures.

Groundwater level

It is essential to know the groundwater level or hydrostgiressure. If a geotechnical investigative report is
available, consult that document to identify the groundwater level. The possibility to measure this, depends on
what drilling method is applied, séeable A134. Drilling with air and rotary drilling with clean water allows for
measurement in the borehole. However, true values will not be obtained until several hours (or even days) after
the drilling is completed.

Drilling with mud will block the permeability, rkieag measurements in borehole impossible. In such case the
groundwater level may be obtained from measurements in nearby boreholes.

In boreholes drilled with air or rotary drilling with clean wateit is recommended to measure the groundwater
level some lours after the drilling is completed.

Structural drilling problems
Fracture zones, unstable haleswelling clay, large water yield, loss of drilling fluid, etc. may all cause drilling
problems. Such conditions are commonly noted down in drillers logTabke A135.

Ld A& NBO2YYSYRSR (2 AyauNdzOd GKS RNAEESNI G2 y20S

Drilling parameters

Documentation of drilling parameters such as rate of penetration (ROP), torqueh¥éeidit (WOB), and air
pressure will help to understand the geological conditions on site. As sedmblite A136, this kind of
documentation is seldom performed in commercial applications.

It is recommended to istruct the drilling contractor to note down as many drilling parameters as
LIN OGAOFttekO2YYSNOAFIfte LlRaaroftS Ay (GKS RNAffSNDa
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1.6.4. ThermaResponselesting (TRT)

TRT services

One or several TRTs are commonly performed af Thermal response test unit
completion of testboreholes. Evaluated parameters Heating O
are used for the detailed design of the borehol *_®
system. As seen ifiable A137 all countries have TR1 Yy - sl o
. . . . . . L S\l [ Sl pawer
service available. There is more information avallak_%‘*\ ./T;‘ : e |
on TRT equipment and methods witine IEA ECES _*=|| |[ ===
Annex 21. — .

Apart from the standard TRT equipment and metho
there is also swalled distributed TRT (DTRT)
enhanced GRT (EGRT), using optic fibers or o s A (s 2
equipment such as wireless or submersible sensors I
measure temperature along thigorehole depth. Such
alternatives are available in a few countries but are y
rarely used. 9

It is recommended to use experienced TRT Seerigurel—G: The thermal response test unit is connecte
the BHE. Hot water streams down the heat exchange

companies for cqmmercial projects. Advanced serviy, . g ground and returns with lower temperatui
(DTRT/EGRT) is recommended for complex measuring the temperatures T1 and T2 the the
scientific  projects. TRT measurement methodsProperties can be determinefi]

recommended by IEA ECES Annex 21 should be useu.

Common duration of the test

The duration of TRT must be long enough to ensure a proper evaluation of thermal properties. According to
Table A138 most countries seem to use 48 hours or more, which is in line with former recommendations in
ECES Annexes. This is consistent with recommendation from IEA ECES Annex 21, where more information i
available.

With respect to the quality of data it is remmmended to use duration of at least 48 hours, and possible-
to check for convergence automatically during the ongoing measurement, to find out if a longer test duration
is needed.

Evaluation method
C2N) S@lfdzr A2y 27F RI lelsougéniethddyssdrnmanyBs¥d, Fable &> (G KS f A

The simplified line source method is an approximation. The approximation is only valid when all measured
parameters are very exacnd the heating/cooling load @bserved to be very stable. Groundwater flow and
load variations make this method unusable. When the prerequisites for the line source approximation are not
fulfilled, more advanced evaluation methods are required. The equation for a line source or cgliudee can

be used at each timestep during the measurememrocess and the average injected power rate between two
measurement steps may be used as a gtefse.

For more information on evaluation of TRT, see IEA ECES Annex 13 and 21.
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42 IEA ECES ANNEX &lbtask 1: Design Phase

If stable condiions are shown in the measured dati is possible to use the line source approximation method.
If this is not the case, it is recommended to use more advanced evaluation methods and check for convergence.

Report of TRT

The test report from a TRT measuorent should include information about the test equipment, test duration

and conditions, results and analysis as well as an error analysis. In Germany VDI stipulates how the TRT repor
should be done, and in Sweden there is a-§Rideline issued by the Swish Geoenergy Center, giving advice

on reporting. Guidance is also given in the work by IEA ECES Annex 21.

It is recommended that the report in TRT measurements includes information about the test equipment, test
duration and conditions, resultsand analsis. Analysis of the measurement error should be included in the
test report.

1.6.5. Geophysicdllethods
Geophysical methods may be of importance for better understanding of the geological conditions in general.

The answers indicate that, except for Turkey, demical logging is rarely used, séable A140. However,
occasionally deviation logs and temperature logs are applied in Scandinavian countries with crystalline rocks.

If more detailed information about the geologal conditions or deviation of the borehole is required, it is
recommended to consider geophysical logging methods.

1.6.6. Environmentaloncerns

Groundwater protection

A main environmental concern in all countries is related to protection of groundwater. }=

most countries this protection is regulated, but in different ways, and practice may a!

vary by provincesg regions In fact, protection of groundwater is the main reason fo

sealing the boreholes with grout, which is mandatory in most countries. The tijwefs Q
regulations and some other ground water related concerns are showalite At41.

It is a mandatory requirement to comply with laws on groundwater protection in all borehole applications
and to follow any caintry specific or local regulation related to this issue.

Physical damages (settling, etc.)
There are a number of possible impacts from construction and operation of borehole systems that should be
addressed. This seems to be a concern in most countees,able At42.

It is recommended to always consider potential physical impacts in developing and operating a borehole
project.

1.6.7. Predesign of th&ystem

In the feasibility stage of a given project the borehole systepredesigned based on the information that has

been gained during test drilling, TRT evaluation and energy load profiles. This data is preferably used for
simulations with EED or other similar software design tool. This seems to follow the same peogedl
countries, but with different tools and manuals, sEable A143.

It is recommended to perform a predesign of the system based on the findings during the feasibility stage as
a first step in the further poject development.
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1.6.8. EconomidcConsiderations

Investment cost
In general customers will be interested in the cost of the system. As shoVabia A44, the investment cost
at this stage of a project is mainly basedexperience from other similar projects.

It is recommended to perform a rough investment cost calculation based on experience from other similar
projects.

Operational cost
The operational cost will be related to the efficiency of the system, often espdeas the

seasonal performance factor (SPF), which is the annual delivered energy for the sel
system boundary divided by the energy used to produce the delivered energyabée
Al1-45.

It is recommended to mke a rough estimate on the operational cost by using th
expected amount of useful energy produced and the expected seasonal performan
factor (SPF) using the current price for e.g. electricity.

Maintenance cost

The ground source part of a borehole systshould, if correctly designed and constructed, be very low with
practically no maintenance cost. Some maintenance is associated with the heat pump side of the system, and
some control of pressure, purging and heat carrier fluid quality is needed. Emisde be an accepted view by

all counties, sedable A146.

It is recommended to estimate the maintenance cost for the borehole system (commonly very low) and include
cost for replacement of components such asdil, circulation pumps and heat pump compressors, especially
for larger systems.

Energy savings
Energy savings are basically calculated in order to show the profitability when compared to other energy system
solutions in practically all countries, s€éable A147.

It is recommended to use the expected seasonal performance factor (SPF) with a system boundary including
at a minimum,boreholes, circulation pumps and heat pump compressors, to estimate the energy savorgs
the system.

Profitability as straight palgack time
Profitability expressed as straight phgck time is a commonly applied method. In some countaies, the
return rate of the investment is used as complement, $able A148.

A rough estimate of profitability may be obtained by the use of straight pbgck time and/or return rate of
the investment.

Life cycle cost (LCC)
LCC analyses are not generally used and if ,ubede are differences concerning the astted lifetime of
boreholes and heat pumps, s@able A149.
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If life cycle cost analysis (LCC) is asked for in the feasibility stage it is recommended to use a lifetime of at least
40 years for the borehole system.

1.7. DetailedDesign

1.7.1. ContractualOptions

The form of contract will to some degree affect how and who is executing the detailed design. Tytbiesdly
FNE (g2 2LI0A2ya 2F oKAOK 2yS Aa O2yYyzyte 1yz2e6y | a
GENF2NXI YOS /2yiNFrOié¢ 6.0

For option (A) the contractor will both design and construct the plant, while for option (B) the design is
performed by the customer with the help of consultants/researchers. This means that there are differences in
details whenticomes to the tender documents. For option (A), commonly gnlgelinesfor design are given,
while for option (B) the design is detailed and fully quotable for bidders.

According toTable A150option A and B arboth used in the countries, however option A for smaller and not
too complicated plants, while most countries use option B for larger and more complex applications.

It is recommended to be aware of the type of contract that is planned for the realizatibthe project.
1.7.2. TurnkeyQontracts

Turnkey design
A turnkey project is defined and executed slightly differently in the countriesTabke A151. Of importance is
that this form of contract puts the responsibilitgr design on the contractor.

It is recommended to be aware of the fact that turnkey projects mean that the contractor is responsible for
the design and function of the system based on the project frame terms of condition.

Client review

Even when the degh is performed by the contractor, the client may have an optipn
to review and comment the design. This option seems to be applied iN MPOS immm—
countries, sed able A152.

It is recommended that the customer, with the lpeof experts, reviews the desig —
prior to construction.

Performance contracts
With a performance contract it is understood that responsibility for the design is put on the contactor, commonly
by using consultants and experts for the actual desigh wokkTable A153.

It is recommended that customers use consultants and experts help for design and specifications of
performance contract applications.
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1.7.3. Modeling

Load profile over an average year

It is important to findout the load profile regarding heating and cooling energy for the building so that the
modeled design is accurate. Ensure interaction between building designer and the designer of the BTES/GSHF
system. Most commonjymonthly values are used, but in someuntries hourly values are used, s€able A1

54,

It is recommended to use monthly values for modeling of smaller and less complex projects. For larger and
more complex load characteristics hourly values should besidered. Both energy demand and capacity must
be accounted for. Ensure good communication with the building planner.

Temperature demands over the year

Supply and return temperatures in heating and cooling systems are essentially controlled by thaesitie
outdoor temperature variation over the year. In generabst countries relate to the outdoor temperature, but
in climates with moderate variatiG(maritime climate) a fixed temperature may be used, $able A155.

Note that ground temperature and heat carrier fluid temperature is not the same.

It is recommended to design the temperature program for the systems according to thespiggific climate
conditions andconsideringthat the system efficiency impnees by smaller temperature difference between
source and sink.

Heat load coverage

In small residential buildings for one or only a few families the demand of heat load for heating should typically
be covered to 1006. The heat load for providing domestiotfwater, will in some countries (e.g. Sweden)
normally be covered by the heat pump by arbinlt function, while in other countries it has to loetermined

for eachproject.

For large buildings it may not be economically feasible to cover the full bedtdefined by building codes,
building envelope and the building design, especially in continental climate conditions. For this, ris@son
systems are commonly designed to cover the base load for heating.

Heat load coverage varies from 30 up to 100 %, rbast commonly 6680 %, seélable A156. However, it
differs depending on type of building and different climate conditions.

It is recommended to consider how much of the heat load shall be covered by the BTEHBr ystem.

Cooling load coverage (BTES systems)

The directcooling load from a BTES system typically does not cover the full cooling load. There are several
different ways to cover the full cooling load requirement. One option is using the heat pumphikes, and
another option is to use a singtedicatedchiller. In some countries the cooling demanthis basis for design.

In such caseghe chiller is designed to cover the full cooling load, and surplus condenser heat is stored in the
BTES system.

According toTable A157, there is no standard solution. This indicates that there are several solutiahsan
be applied.
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It is recommended to consider different system solutions in order to have the best dessitverage of a full
cooling load with direct cooling.

Number of boreholes, their depths and configuration

Given the thermal parameters of the underground, the capacity of the borehole system in terms of maximum
power and annual energy for extraction aimjection is related to the number of boreholes, borehole depth and

the distance between the boreholes. These parameters can be studied and analyzed by using simulation models.

Modeling of boreholes, depths and configuration, as well as thermal and hycldagign regarding number of
boreholes, borehole depth etc., is done in a similar way in the participating countrie¥aBkeA158.

It is recommended to use thermal design tools to calculate borehole depth, holee spacing and
configuration of the boreholes.

Influence of ground water level
The groundwater level is important for defining the thermally active length of |
boreholes in norbackfilled applications as the piping above groundwater leve M

surrounded by air and has no thermal contact with the borehole wall. Bagde A
59. Groundwater tabls may vary over the year.

-—

[
For nonbackfilled boreholes it is recommended to measure the groundwater le l l
to define the hiermally active borehole depth.
—

Influence of groundwater flow

Groundwater flow will have an impact of the thermal behavior of the borehuie

systems. For GSHP systems this may be a benefit, while BTES systems frigure 1-7: Coaxial - pip
o ’ inside a boreholg1]

negatively affected.

Most countries are ware that ground water flow may have an impact of the system performance, but this is
normally not modeled. Seg€able A160. The effect of groundwater flow is complex as the effects depend on
the relative length othe borehole affected by the groundwater flow, the groundwater veloaitylthe energy
balance achieved by the system. In general, low groundwater flow velocities and systems with a high energy
balance are not much affected by groundwater flow, while systevith high groundwater flow velocity and low
energy balance are affected much more.
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It is recommended to consider the impact of groundwater flow in the design of borehole systems.

One of the main assumptions with virtually all software that is used in the design of borehole heat excli
is that heat conduction is the only transport mechanism and therefore that ground water flow pla|
important role. If groundvater flow does affect the heat transport around the borehole heat exchai
different effects may arise depending on the context:

1 In applications dominated by either heating or cooling ground water flow will have a positive
on the temperature respse and standard design methods result in an @esign of the system.

1 In applications that intend to store heat (or cool) in the ground the thermal losses increase an
make the store as such ineffective.

1 In large borehole heat exchanger fields doweain boreholes may experience more adve
conditions as ground water has been thermally interacted with (i.e. become cooler or warme
the natural background temperature).

1.7.4. Borehole heat exchangers (BHE)

A BHE is defined as the borehole inahgdthe pipes and the borehole fillingr(y
bacHilling like clay pelletsgrout orjust water), which is consistent with the comin
CEN TC 451, ANSI/CSA/IGSHPA C448 &erewl the definition by the Japanes
Geo heat pump association. However, in thi€ament we are defining the BHE ¢
a separate component installed in the boreh¢@EN TC 45ises BHE loop for this)

Types of BHE
Single and double Yipes are the dominant BHE types. To a lesser degree var
types of coaxial or muHpipe designs arased, seelable A161.

\UJ

. . L Figure 1-8: U-pipe inside
It is recommended to choose a BHE type that meets the design criteria. If the lyorehole [1]

type is changed, the borehole field design must be recalculated.

Material of pipes and joints

Polyethylene mpes (PE) are most commonly used in low temperature or moderate temperature applications.
Joints are welded with special elecfjmints for connection to the surface pipe system. Thidud at the bottom

of the borehole is welded by the manufactunga thebutt welding method SeeTable A162.

It is recommended to use a material for Bhbipes, horizontal pipes and
welded joints that meet the design temperatures and pressures.

Diameter and thickness

For grouted borebles DN25, DN32, DN40 and sometimes DN45, SDR
SDR 13.5, is commonly used. For deeper groundwilied boreholes, DN40,
DN 45 and DN32, SDR 17 (which has thinner walls than SDR 11), has b
a standard choice. DN herefees to the outer diameterSeeTable A163.
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It is recommended to use country specific stiamd diameters and thickness of BHE pipes, and to choose pipes
so that laminar flow conditions are avoided.

PE pipes for pressure applications (such as GSHP systems) are classified by minimum required strer
based on the international standard ISO 9080. The last current generation PE pipe ia&iREvb00 in whic
the digits show the MRS class. The previous grade, which is still used widely, is called PE80. Accorg
9080 the minimum required strength (MRS) atQ@nd 50 years for a pipe with SDR 11 is10 MPa for P
and 8 MPa for PE80OwWng the design stress 8 MPa and 6.3 MPa, respectively and safety factor 1.25.

HT-BTES applications will demand other types of polymer material for both BHE and horizontal pipi
HTBTES systems, special types of polymers that can stand higher téungerare chosen, such as PE
type Il, PP, PEX and some other thermoset materials. At present PEX would be the most temperature
plastic that can endure long termed exposure up to°€and for short durations up approximately @5

The thermaldegradation of pipe materials in warm and hot borehole heat exchangerBTHS) is affecte
not only by material structure and morphology, but also by the service condition. The design tempsg
pressure (resulting in stress on the heat exchangerspigped duration of these conditions play importa
roles for the heat exchanger lifetime. Obviously, higher temperatures and pressure accelerate the |
ageing of the polymer. At elevated temperatures, the pressure class of the heat exchangerrpieseis.
Hence temperature should be kept low to maximize the lifetime of the system. Even short term exces
the peak temperature can result in permanent damage of the material.

Tablel-1: Material data for polymer materials relative to PN16 [VDI 4640 Vol.2]

Material Permanent operation temperature Peak temperature Thermal conductivity
for 50 years life expectancy (Time period 1 yegr [W/(m-K)]

PE100 40°C at 11,®ar 70°C at 6,Dbar 0,42
PE100RC 40°C at 11,6ar 70°C at 6,dar 0,42
PERT 70°C at 6,%ar 95°C at 5,bar 0,42
PA 40°C 70°C 0,24
PB 70°C at 12, bar 95°C at 8,ar 0,22
PEX 70°C at 8,%ar 95°C at 6,%ar 0,41

Quality criteria
The strength properties of the pé of the BHE will be different depending on BHE depth and whether grouted
or nongrouted boreholes are used. Either way, the properties of the pipe of the BHE are of utmost importance.
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There seems to be an agreement on bursting pressure, collapsing pesstension coefficient and change of
strength with increased temperature, s@@ble A164. For grouted boreholes, also the contact between the
grout and the pipes is of importance.

It is recommended to use stretly properties that fulfill the requirements for any borehole depth and
completion of a given borehole system.

Certification of material properties
The required material properties are dictated by standards and normally certified by the factorjalsieeAl
65.

It is recommended to always apply for certification of material properties from the BHE factory.

Manufacturing
BHEs are mainly manufactured in each country in a controlled factory environment,
but in a few ountries also imported. Manufacturing and testing is obviously
\’ performed according to standards, s@éable A166. Due to theunique construction
r of coaxial BHEghis configuration of pipingannot be practically halled as a roll
particularlydepending on the diameter. They are delivered to the construction site as
prefabricated tubes andequire weldingon site at insertion in the borehole.

-

It is recommended to use BHES that are manufactured in a controlled aaddgtrdized way and tested before
delivery. (Coaxial pipes cannot be fully produced in factories but require some assemidife)n

Welding methods and procedure

The BHEs are connected to the surface pipe system by elitts fusion (or similar) accoing to
specifications from the joint manufacturer and/or standards. Pipes must be sufficiently cleaned and certain
weather conditions avoided sékable A167.

It is recommended to use qualified (certified) plastiipp welders to assure a proper welding procedure.

Use of spacers

In groundwater filled boreholes, spacers make no significant difference on the borehole resistance and therefore
rarely used. In grouted boreholes spacers are recommended in guidelineg|toisused in practice, sdable

A1-68.

Unless specifically prescribed in tender documents, use of spacers is not recommended.

Type of manifolds (headers)
A variety of prefabricated oedioor field manifolds have l@n developed and are commonly used. Less common
are designs on site. Occasionally the manifolds are placed indoorsabéeA169.

It is recommended to use pmmanufactured field manifolds, and to choose type ofamifold with respect to
the land use at the site. Groundwater conditions must be considered to avoid flooding of manholes etc.

Hydraulic concept
Except for very shallow systems the boreholes and field manifolds are connected in parallel in order toeminimiz
the flow resistance in the system, séable A170.
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It is recommended to connect boreholes and manifolds in parallel, unless very shallow boreholes are applied
or the flow regime (normally turbulent) intended yidbk other configurations.

Flow control

It seems like common practice to use high efficiency heat carrier f
circulation pump for larger systems and flow control valves
manifolds, se@able A171.

To save elecicity it is recommended to use high efficienc
circulation pumps.

Backfilling material

Backfilling is mandatory in most countries and different kinds
mixtures are commercially available. In countries withoud
mandatory backfilling, grouting may still Ineeded in some cases. Many countries lack manuals or guidelines
F2NJ ok O]l FAL f A0S Lo/ MISTNavtdey ol ERg/mederitlybeen Sanrfed and replaced by
proven grouts. Materials and proceduress well as control systems are curtignthe subjec¢ of on-going
research, sedable A172.

It is recommended to use prmanufactured grout mixtures and to follow procedures given by regulations or
manufacturer.

1.7.5. HorizontaFipe Systens

Pipe material
Cammon practice is to use PE100 or similar for low temperature applications, and thermal resistant polymers
for HFBTES, se€able A173.

It is recommended to use PE100 or PE8O for-lemperature applications, whilevarious other polymer
materials must be considered for FBTES applications.

Dimension and strength
The horizontal pipe systems must resist the weightfaf example heavy vehicleand the collapse strength
should therefore be considered.

SDR 17 in smell dimensions is the most common practice, Jedle A174.

Depending on the bed depth of the horizontal pipes, the ground temperature can be significantly higher or lower
than at the surface. Therefore, the horizahpipes of systems with operating temperatures below the minimal
ground level temperature can contribute to peak load shaving. The overall impact mainly depends on the length
of the pipes and the borehole discharge temperature.

It is recommended taonsder the hydraulics of the system, the depth and length of the pipe system as well
as the impact from the surface to choose a suitable and safe dimension and strength.

Insulation

Usually the pipe system can be placed without insulation. However, partsathagxposed to air, or placed at
shallow depth, and parts close to building foundations must be insulated. Insulation is also needed if the pipes
cross or run parallel to water pipes or sewage pipes, and if the system iBREH system, S€able A175.
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It is recommended not to use insulation except for parts that are exposed to air, or situated close to a building
foundation, or crossing water/sewage pipes.

Installation depth

Commonlythe horizontal pipe systensiplaced 0.81..2 m below surface, based on frefsée depth, in Canada
somewhat deeper, se€@able A176. To limit heat loss in the horizontal pipes they may be installed preferably
in the unsaturated zone.

It is recommended toconsiderthe frost-free depth when deciding the minimum depth of the trench.

Bottom bed material
Depending on different temperatures over a season the pipes will slightly move. Sharp edge material in contact
with pipes may therefore cause dage

Commonly a sand bed or native soil without stones with sharp edges is usethlded1-77.
It is recommended to use sand without stones with sharp edges as bottom bed material.

Filling material
It seems to becommon practice to embed the pipes with sand and to close that layer with a geotextile. Soil
material from digging thérenchis commonly used for the rest of the backfilling. Seble A178.

It is recommended to se sand, free of stones, as an embedment layer followed by a geotextile and finally
native soil material fromthe excavationof trenches

1.7.6. HeatCarrier Huid

Commonly ethanol, ethylene and propylene glycol mixed with water are used as heat carrier theégml &
preferably used in watefilled boreholes at a concentration of maximum 28%t(fl@ammable), and glycol in
grouted boreholes at a concentration up to 30%. Propylene glycol has a comparably high viscosity which makes
it less favorable as heat cé&r fluid due to increased pumping cosfBhe ethanol mixtures may tefusedwith

additives that make it undrinkable. Pure water is used in systems that work well above the freezing point and in
systems used for storage of heat ortBeeTable A179.

It is recommended to use environmentally safe heat carrier fluids and not unnecessarily high concentrations.
Corrosion inhibitors and other additives should be avoided if possible.

1.7.7. RiskAnalysis

Environmental risks

Envronmental risk assessments are normally a part of the pern
procedure in countries where permits are required. In other countries the
is a lack of standard procedures how to perform this kind of analyses,
Table A180.

Itis strongly recommended to always make an environmental risk analy:
showing that such risks have beewonsidered during the project
development.
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Technical/economical risks
Technical and economic risks are mainly considered in the feasHigifje. More such analyses may be asked
for in contracting documents, séleable A181.

If not already done in the prefeasibility or design phase, it is recommended to ask for a risk analysis in the
contracting docunents.

1.8. ApprovalProcedures

Approval of installations is handled very differently in different countries. Furtherptioeee may be provincial
differences within a country. In a few countries there is no permit requirement at all, or only for larger systems

In most countries there are standard procedures and/or norms for system design (and installation), but not for
the approval of the system. A common procedure is that a borehole system is assessed by local environmental
authorities and a permit is givehthere is no risk for, by example, groundwater contamination. Approval may

be given with certain terms. The variety of country specific procedures is sholrablia A182.

It is recommended to follow the country ggific regulations and procedures for the approval of a given
project.

1.9. Call forTenders

1.9.1. Form ofContract

The form of contract will to some extent govern the administrative conditions and the technical specifications
in the tender documents.

As shown inrable A183there are a variety of forms, but not specified enough to be fully understood, when it
comes to terms of conditions. Howevyat is clear that the construction is contractually regulated in most
countries.

It is recommended to be aware of the form of contract when preparing the tender documents and
specifications.

1.9.2. Quality&ill of Contractors
The quality and skill requirements of contractors that bid on any project should
specified in the tender documesitas well as reference projects, certifications of driller
and installers, CVs etc.

As shown inTable A184, a majority of countries require certification of drillers an
installers and companies must often haveaity and Environmental Control systems

It is recommended to ensure high quality by requiring safety, quality and environmenta
control certifications as well as references in the tender documents. Drillers should be certified according to
national and/or local legislation.
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1.9.3. Responsibility fabamages
Unforeseen damages caused by the borehole installation are of importance to regulate in the contract. In some
countries this is dealt with by general clauses, in others they will be handled by the cowrt of la

In generalthe responsibility for potential damages seems to be regulated in the contracts, at least during the
guaranty time (3L0 years), se&able A185.

It is recommended to alwaysddressthe responsibilityfor unforeseen damages in the contract, and to
demand that people responding to the tender are certified and have correct insurances in place.
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2. Subtask 2: Construction Phase

2.1. Preface

This report is a subtask report within International Energy Agency Ti&#hnical Collaboration Platform (TCP)
Energy Conservation through Energy Storage (ECES) Ann&uality Management in Design, Construction

and Operation of Borehole Systenihe publication is the final report for IEA ECES Annex 27 Subtask 2:
Construction Phase and is based on a survey on construction phase considerations, answered by seven of the
countries participating in the Annex.

Contributing countriesBelgium, Denmark, Finland, Germany, Netherlands, Sweden and Turkey

Information provided by:Wim Boydens (Belgium), Ywan De Jonghe (Belgium), Luc Francgois (Belgium), Mathias
Possemiers (Belgium) Bertrand Waucquez (Belgium), Henrik Bjgrn (Denmark), Teppo Arola (Finland), Asmo
Huusko (Finland), Mathieu Riegger (Germany), Roman Zorn (Germany), Hagen (ermany), Roland
Koenigsdorff (Germany), Manfred Reul3 (Germany), Claus Heske (Germany), Henk Witte (Netherlands), Signhilc
Gehlin (Sweden), Olof Andersson (Swedéulip Kalantar (SwedenyVillem Mazzotti (Sweden)usuf Kagan
Kadioglu (Turkey), BirKilkis (Turkey), Aysegul Cetin (Turkey), Suheyla Cetin (Turkey), Mert Oktay (Turkey), Ersin
Girbalar (Turkey), Mark Metzner (Canada) Katsunori Nagano (Japan), Takao Katsura (Japan).

Author: Henrik Bjgrn, VIA University College, Denmark, April 2019
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2.2.SuhlaskSope andimitations

The IEA ECES Annex 27 subtask 2 report covers the construction phase for any closed loop borehole system use
for extraction and storage of thermal energy in the underground by the use of borehole heat exchangers (BHE).

From a sgtem point of view, the subtask covers any BiyEtem, regardless the size of application and the
working temperatures used in the systems.

The scope is the construction of the borehole, the grout and the grouting process, installation and control of the
BHE and documentation of borehole and BHE.

This working paper is based on answers from a questionnaire that was answered by eight of the participating
O2dzy iNAS& YR 2y RAaOdzaarz2ya i GKS SELISNI&AQ YSSi
(EM4), Amsterdam (EM5), Vancouver (EM6), Osaka (EM7) and Munich (EM8). The answers of the questionnaire
are attached asppendix

As the legislation on construction of BHES in the participating countries is different, it follows that standards and
commonpractice varies.

The purpose of Subtask 2 is to provide recommendations for best practice for construction of BHEs. This
however, to some extent will depend othe country.

2.3. SitePreparation

2.3.1. SiteFacilities
The site facilities are those that need to beegent before and during
the drilling process in order to avoid accidents and to support the drill =
process Apart from physical installations such gsotective /
constructionfencing, this may includdocumentationsuch as drilling
certificates and pernits that need to be present. All input may b
viewedin Table A22 and Table A23. '

In  order to prevent
. accidents some countries
=84 require a Healt and Safety M
(H & Shplan for the site and

e needed or not may depend
I on the size of the =&

construction site and the Figurez-1: Fences enase the drilling sit
= number of

contractors/people that will be present during the work. If a H&S
plan is requiredit must be presentednd approved by consultant
and/or authorities prior to commencement of the construction.

~——
P [T

Figure 2-2: The dring rig is placed on
platform, which was installed specially for I a plan for handling drilling mud and cuttings is also required in most
countries.

purpose
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A general official requirement is fencing around the work site. Furtherpibi®mmon practice that the site
owner provides electricity and water to aid the drilling, but thisas mandatory.

It is a requirement that all permits required by law are present on the site. A fence surroundingsitel| rig,
materials and other equipmet related to the drilling process should be put up and maintained through the
entire drilling campaign.

2.3.2. Localization ofindergroundObstacles
Mapping or detection of underground installations will typically be fhBlA freflsp® mibiliy.

Checking foral contamination will also be a part of the investigation prior to drilling. The site owner is normally
responsible for checking whether a site is contaminated. Geneiialyill not be allowed to install BHES in
contaminated areas. If the driller unexgtedly hits contaminated soilhe driller has the responsibility to inform

the planner and/or the authoritieghe driller must also handle the contaminated soil/cuttings from th®ject

site. Thealso applies to spent drilling mud and excess water.

In most countries, the use of watertight containers for drilling mud and settling of cuttings seems to be either
mandatory or the norm. In some places excavated pits are still being used.

Generally, the handling of drilling mud/fluids/water is the respongibiif the driller. The deposition of these
materials will normally have to be approved by the authorities.

It is recommended that all the conditions related to the drilling site are clearly stated in the contract for the
drilling project. As lack of coordation regarding health and safety, underground installations, contaminated
soil and handling of mud, water and cuttings will severely impact the drillers work proc$s recommended
that the driller assumeghis responsibility.
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2.4.Drilling

In most d the participating countries, the driller will have to hold a certificate in order to get a permit to drill.
SeeTalle A24 ¢ Table A28 in Appendix2-3.

Figure2-3: Drilling rig mounted o crawler vehicle Figure2-4: Drilling rig mounted on a truck

2.4.1. DrillingMethods

The chosen drilling method is closely related to the
geology on the drilling site. (see comparison below) In
unconsolidated sedimentsmud rotary drillings the
method of choice. This will typically be direct flush but
may also be reverse flush. The expected drilling depth
may also influence the choice of method. There seems
to be a tendency for the boreholes to become deeper.
In Sweden, boreholes of 28D0meters are seen more
and more often. Thermal shedircuiting is generally
small in BHEs shorter than 300 m.

Fiaure2-5: Tricone drillina bit Figure 2-6: (Chise

drilling bit
In hard rock the drilling will typically be made thgwn-the-hole hammer(DTH with air

lift to clean up.

Alternative drilling methods may be ampriate in unconsolidated sediments.

The driller must handle any situation witexcessiveflows of water, artesian waterflows or release of
underground gas anflavethe necessary means present at the drilling seaddress these situationd his
equipment will typically be packers and divertesimmongst other measures.
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