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between the Drac and the Isere rivers, an integrated geothermal system has been designed and put

in place to respond to the major energy needs of the newdngs built in this urban districfThe

geothermal system use the energy of the water table. This water table energy is valorised for
heating,cooling andDHW production for the new buildings.

¢CKS AaLISOAFTAOAGASA 2F (GKS t NBaljdzQnt S RS@St 2LIYSyi
develop an innovatie solution for heating and cooling. This solution provides heating and cooling to

many concentrated energy efficienttd-11-floors buildings withenergy efficiencyand affordable

cost for the end user.

The proposed solution consssin deploying effient heat pumps (double service heat pumps
producing both heat and DHW) using the energy located between the two thermic wells
groundwater and riversere

The innovation consisted iasing only one geothermal borehole (inlet) for each building and to
collect the water rejected by the heat pumps of all the buildings in a dedicated collective drainage
network that directly goes to the Isere river.

But the use of the collective drainageetwork implies legal requirements mainly due to the fact that
the water pumped is not rejected into the water table itself

¢KIF0Qa GKS NXBd rastigfed bykspecial authorisitios rules giesth by governmental
officesand specified by arefectural orderto guarantee the project's low environmental impalt
particular, b ensure a high level of environmental protection, the regulatory requirements are the
followings:
- maximum water temperature rejected to the Isere river of 18.5°C
- maximumannual volume pumped into out of the groundwater layer and rejected to the
Isere river of 7,080,000 m3
- maximum permitted pumping and rejecting rate of 2,030 m3/h
- measures to ensure the groundwater level is not strongly affected by the geothermal
installaions

Due totheselegal requirements, buildings hawe particularto be equipped with special instruments

to follow andcontrol the geothermalinstallations.In particular, it is necessato ensure thatthe
dataQ kmits defined by the prefectoral deceeat the scale of the NB & |j dz@ng fespectedddd to

be able to identify the origin of a problem when it occurs. For this reason, the instrumentation has
been installed in each building connected to ttalective drainageetwork in order to ensurehe

most accurate monitoring possible.

This document describes the ndgtory instrumentation that has been implemented for thiest

buildings connected to theollective drainage network and that witl be deplged for all of them. It
describeghe difficultiesencountered in this first stagef the development of the NB a |j dzQnt S | NB
the Cambridge district) but alsihe objectives that were achieved dog this period allowingthe

monitoring of the majority of the connected buildings. Théport also highlights themproving

points which sbuld make it possible to optimize thaperation for the buildings already delivered

and for the future buildings connected to tlwellective drainag@etwork.



The collective drainage nsbrk is a performing and innovative solution by which every builtizag
the capacityto install a heat pump (heating and coolisgppyy Ay (G KS t NBtEthedzQnt S F
same level of performance, without degradation despite the large number of bgddin

The collective drainagenetwork & an innovative technical solutiofior high-density urban
development of buildings with very higHevel of energy performance.

However, the principle of theollective drainageetwork consists in using an individugeothermal
installation for each building andth ushg a common network to rejedh the Isere riverthe water
pumped fromthe groundwater table. As a result, this technical system is subject to strong legal
constraints that requireéhe implementation of anonitoring and control system.

Theinstrumentationsystem is based oa complex hardware and software solution made of probes,
meters and communication boxes to control thgeothermalinstallation in real timein order to
detectpossible operational problemto identify thecauses andb quicklyoperate to fix them.

The instrumentationproject created the technical and legal knowledge needed to reproduce this
type of network in other cities characterized by the appropriate ugdeund profile. These
conditions can be often encountered in urban areas crossed by one oraséaeye rivers causing a
high water table level, which make the collective drainage network definitely replicable at large
scale.

This report is complementarto those previously written as gt of the CityZEN initiativeslso
related to the realization of the collective drainage network. This is the D3.12 deliverable which
describesthe study of the behaviour of the groundwater table and the impact of tdective
drainagenetwork on thissensitiveenvironment. The secondhe D6.11 deliverable, describes for its
part the principle of thecollective drainage network itsefind the different steps that led to its
implementation and dployment on the Presqudlarea
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CHAPTER 1 -

¢ KS RSt ATAENIAcA SN Sechin®ar insirdmeniiafos set up for the project of
collective drainage networlwhich has been designad improve the production of heat and cool by
groundwater pumpingn thet NB & |j dzQ mpfith® citiR ¢f &rénkileO i

The general objectivef the projectis to transform thet NB & ljad=intd &positive energy and
carbon neutral district by combining the use of clean and renewable energy sources, saving and
controlling energy flows and retrofitting existing and future buildings.

For district heating and cooling, previous studies focused on a regulated low temperature loop
Oz2zyaratAayda Ay | Ot2aSR ySiGg2N] 2F GSYLISNBR 4GS
most of its heat needs from the Athanor waste incineratioanpllocated northeast of the city of

Grenoble (La Tronche). This previous project was also supposed to use the water table for heat
storage in winter and cooling in summer, combined with the use of heat pomps located in each
building.

The first studies caied out for the design of this previous innovative project led iffedent
investigations such as
- Managenent ofthe underground urban aquifer
- Demonstration ofa Low Temperature (235°C) District Heating/Cooling Grid interfaced with
sewage water pipd, Y R 02y ySOGSR (2 yS¢ odzAft RAy3aa Ay t NJ
- Demonstration of the integration of centralised and/or distributed seasgeathermal heat
storage.

These activities aim at saviagout 1 300tons of CQ per year.

Regulated low temperature &g was aborted due to very high financial investment involved by the

project which could not be compatible with the social objectives of housings intR& & Ij dzQnf S RA &
Thus, INNOVIA and theity ofGrenoble decided to change the way to produce disthieating and

cooling to reduce the investmermiost, but keeping in mind to maintain a high level of performance

and innovation.

This decision leads to instdlighly energy performance groundwater heat punipseach building,

using the energy othe water directly pumped undeit. Thanks to the conclusions of the previous

studies (groundwater management), INNOVIA, and the engineering companies it is working with,

were able to conclude to the impossibility for buildings to reject the pumped waitectlly to the

underground urban aquifef 2 OF G SR dzy RSNJ 6 KS t NBaljdzQntS | NBF® 5
GKSNXYIf Of2dzRa Ay@2f SR o0& o0dzAf RAy3a 2y SIOK 2
solution to avoid rejecting the pumped watemder the buildings. That is the reason why the
innovative collective drainage netwotklso calledexhaurey S (i 4 Phhs|béen designed and built

inthet NBaljdzZQntS RA&GNROID

Due to the fact that the water pumped is not rejected into the water tablelifdbe use of the
collective drainage networknplies legal requirements ¢ KI G Q& (G KS idN®Bstriéetiyfy o K& A
special authorisation rules greed by governmental offices and specified byrafectural order.



The instrumentation of the colleste drainage atwork has been set up to respect telegal
requierements envolved by the geothermic installation, but also to be able to manage and follow the
real performance of the whole heating and cooling systenthatdifferent scales (buildingylock
district). Data collected by the instrumentation brings a very interesting feedback about the
collective drainage network experimentation and the way it canndely reproducible to manage
sustainably and integrity of urban water table resources.



CHAPTER 2 -

¢KS tNBaljdQntS Lzt A0 RSGSt2LIVSYyd |NBF aLINBI Ra
dominant of scientific and industrial companies, but quickly evolving to a functional mix with offices,
SRdzOF A2y > NBaSI NOKI Kwedisth yulthhousingSwiti®afstroigksBeiamixNE (2
for operations (private accession and social rental). This approach is accompanied by the
development of transports (tramway extension, future cable transportation), the ease of use of soft
modes (bikewaysand a qualitative treatment of public and external spaces. This treatment includes

the ability for pedestrians to cross the landscaped parks even when there are private ones (daily
periods). By the introduction of housing, the district will be open anedgirated to the rest of the

Orlled az2NB2OSNE G(KS RAAGNAROG oAff KIFI@S |- aANBSYyY
district, more sustainable in its construction, in its development and way of life, compared to
traditional districts.

The construction programme is supported by scientists, university actors and economics actors.
Therefore, the priorities of the project are the urban mix, the coherence between urban
development and economic development and the appropriation of the projethéynhabitants.

a2NB2@0SNE aAyOS (GKS 0S3aAyyAy3asr GKS RS@OSt2LIVSyd 1L
of search of a maximum energy efficiency correlated with a strong environmental management. In
this way, the specification requirementseabuilt around two major points:
- To reduce the energy losses in buildings with high thermal insulation and optimised inside air
renewal,
- To implement the technical means required for an efficient and sustainable energy
production to answer the needs afi¢ buildings for the heating, DHW and cooling.

At a larger scale, another important point to review is the energy global management, with the
FoAfAGEe G2 GF1S Ayid2 | 002dzyd (GKS 3If20Ff SySNBRe
are manyavailable energy resources such as gas, urban heat (network), geothermal or photovoltaic
LINE RdzOGA2Y T S@Sy ydzOft SIFNJ 2ySod |1 26SOSNE GKS t NBa
rivers: the Drac and the Isere. So, a geothermal exploitation usingdker table is the cheapest and

the most efficient solution for the buildings of this large district of the Grenoble City.

hy$S ALISOAFTAOAGE 2F G(KS tNBaldQnts Aa GKIG AdG Aa
Grenoble: tle Isere and the Drac rivers. This implies that there is a huge active water table under the
entire district.

This water table has the advantage of being mostly fed by the Drac river because the physical
confluence area is much upstream than the visibinfluence area So, the energy potential of the
water table is very high and the risk of shortage is very low.



Figurel : Map of thet NJB & |j dz@ithflo

oo S

T

20N
I L0p"s 1 S A

tion dbEBhépiezom

1- Visible confluence between the two rivers Drac and Isere
2- Physical confluence between the two rivers Drac and Isere (underground)

To study the capacity of geothermal energy in thdB & |j dzQnf S =

has been measured during several years.

idKS

G SYLISNI (G dzN.

The next sheet shows the synthesis of the extreme temperatures measured for 20snonth

Water table temperatures (min/max)

according to water depth

Piezometer points at-4m at-10m & mnY
ZN (A) 13.7-16.2°C 14.5-15.2°C --
Cambridge_PSC 13.5-16.5°C 14.0-16.0°C 14.2-14.8°C
Cambridge PSC2 13.6-17.0°C 14.2-14.8°C --

Tablel : Minimum and maximum water table temperatures measured at several piezometer points
between March 2013 and October 2014

The observation shows that at 10 metres under the ground surface the temperature is very stable;
14°C during winter and between 15 art6°C during summer. At a depth of 14 metres, the
temperature is even more stable wherever is the area of observation intN&S & lj dzZQnt S RA & G NR

These stable temperatures are really convenient to use the geothermal energy and, moreover, the
temperature of the water is always tempered. It allows very good energy production efficiency to

NBalLR2yR (G2 o0dZAfRAY3IEAQ ySSRa

F2NJ 620K KSFOGAYy3a 06A

The developrant of thet NB & lj dzQ nifiv8ives Riang iieiNJ510-1-floors buildings using the
geothemal energy of the groundwater. Without using the principle of collective drainage network,

tKAa O2yOSydNIdGAzZYy
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For example, when a building pumps the water during winter, the heat pump will lower it of 2°C
before rejecting it in the water table. If many buildings do it so, in a static aquifer, the temperature of
the water table will derease for the buildings located downstream of the water table. Thus, they will
pump colder water than the buildings located upstream, and so on for next buildings. However,
pumping colder water decrease the energy performance of the heat pump. So, thietdisll be
globally lessand lessnergy efficientwvhen the number of built buildings increasghis phenomenon
iswell known in geothermal production and is oftealled« thermal cloud».

¢CKS t NBaljdznt S | lj dzA T SNJ LIS NgMits impoktdnty BuBnotsufiiet oI K | Y R
avoid thermal clouds as it could have been checked by the computer modelisation of the water table.

It is the reason why the collective drainage network becomes necessary to keep a high COP average
F2N) I ff GKS o0dzAf RAY3IAD LGA dzaS T2 Mlugits 5 whicNS & lj dzQn
means up to Gimes more energy produced than consumed.

To address this density issuie was necessary to use annovative solution to usgroundwaer by
heat pumps without risk oflegrading the eargy efficiency of the whole system, avoiding the
phenomenon othermal cloud

The innovation consisted inusing only one geothermal borehole (inlet) for each building and to
collect the water rejected by the heat pumps of all the buildings in a dedicated collective drainage
network that directly goes to the Isere river.

1 Heat Pump g
! Free Cooling _'

| Rejeced water

Pumped water

s ———

Figure2: Principle2 ¥ 0 A Q RNIaedl 3S ySig2N]

The objectiveof the collective drainagaetwork is to connect the majority of resideatiand office
buildings built inthe t NB & lj dzQ n ToSachieve dhis Nile Diétwork is deployed throughout the
t NB & liad=) with $he exception of the ndrernmost sectors and the western part of the area
which is mainlyccupied by research and development activities.
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At the time of writing, 16buildingshave been deliered and connected to the collectivdrainage
network, which stands fom total of 39,570 m2 of floor space, representiagproximately 12% of the
total connection potential, distributed as follows:

- 452residential housings for a total 84 306m2 of floor space

- 99student housings for a total & 410 m2of floor space

- 1 schookSmone Lagrangefor a total of2 300 m2f floor space

- . Year of Number of | Floor space
Building Commercial name . .
delivery housings (m2?)
RESIDENTIAL HOUSINGS
CE2 [T {¢9] Q 2016 22 1905
CED a{¢o] Q 2016 7 697
Cl2 UpP 2016 40 2611
CK1 PYTHON 2016 43 3284
CL1 EQUATION 2016 33 2 663
CI3 ALASIA 2017 27 2150
CJ1 NOVAE 2017 34 2 566
CJ4 SOLEIL 2017 38 2700
CK3 SOLARIS 2017 38 2 807
CK4 ZENAE 2017 45 3676
CG2 SNCF 2017 8 570
Cl1 PANACHE 2018 42 3379
Cl4 CEVA 2018 32 2421
CK2 THALES 2018 43 2877
TOTAL OF RESIDENTIAL HOUSINGS 452 34 306
STUIENT HOUSINGS
cL2 OXYGENE 2016 99 3410
SIMONE LAGRANGEHOOL
DK . S.LAGRANG#&choo) | 2017 - 2300
TOTAL 551 40 016

Table2 : Buildings currently connected to the collective drainage network



CHAPTER 3 -

The implementation of the collectivelrainage network system required a specific regulatory
framework due to legalrequirements Unlikeconventional installatiog, the water pumped by each

building from the water table is not rejected into the water table its¢lfkK | G Q& G KS NBIF a2y
is restricted by special authorisation rules geh by governmental officesand specified by

prefectural ordem® DDPHENV2016-09-06. The operating licence is granted for a period of 30 years.

The rules which apply to the geothermal exploitation of the water table are defined by the
prefectural order and have a high levafl environmental requirementsThis impliesa follow-up of
the installations and a reinforceatotection of the environment.

To ensure a high level of environmental protectidhe regulatory requirements are the following
- maximum watettemperaturerejectedto the Isee river of 18.5°C
- maximum annual volume pumpeaut of the groundwaterlayer and rejected to the Isee
river of 7,080,000 m3
- maximumpermitted pumping and rejecting rate of 2,030 m3/h
- measuresto ensure the groundwater level is notrehgly affected by the geothermal
installations

The measurement of these different data has to beried out continuously all yealong and
throughout the entire lifeof the building, as long as itgothermal installation is operated using the
collective draiage network.

¢2 3dzZ NFyiGSS (GKS NBaLlSOG 2F GKS tS3aFt NBIdzANBY
necessary to be able to individually follow each building connected to the collective drainage
network. Thus, when a problem occurs, that gitlescapability to quickly and accuely identify the

source of dysfonctiome ¢ KI 1 Qa GKS NBlFazy oKeé (Kd&itofFthe2s | yR
groundwaterlayer and rejected to the Isere river have been set for each buildiegprding to its

own characeristics (surface area, type of activity, thermal performance to be achieved, ...).

To ensurethe respect of the regulatory requirements, each building has to be compliant with the
followings
- maximum difference of temperature between pumped water amgjected water of 4°C
during winter (heating)
- maximum difference of temperature between pumped wataend rejected water of 2°C
during summer (codrhg)
- maximum annual volume pumped into the groundwater and rejected to the Isere aiwver
defined for eactbuilding
- maximumpermitted pumping and rejecting rate as defined for each building
- measuresto ensure the groundwater level is not stongly affected by the geothermal
installations



Maximum .
- Maximum
Building Commercial name rejected rejected rate
volume 3

(m*lyear) (m7h)

CE2 /I {¢9[ Q 25000 12.5
CED a{e¢co[Q 9150 4.5
ClI2 upP 89 050 17.9
CK1 PYTHON 98 000 16
CL1 EQUATION 40 000 155
CI3 ALASIA 89 700 18
CJ1 NOVAE 68 350 25
CJ4 SOLEIL 81 900 19.7
CK3 SOLARIS 98 000 20.5
CK4 ZENAE 109 800 236
CG2 SNCF 12 600 3.5
Cl1 PANACHE 84 900 19.7
Cl4 CEVA 34 644 14.1
CK2 THALES 52 933 16.8
CL2 OXYGENE 93 850 25.4
DK S.LAGRANGE scho 66 000 30

TOTAL 1053 877 287.7

Table3 : Maximum limits defined for each buildiegnnected to the collective drainage network

Due to legal requirementshe geothermal installations of each building connected to the collective
drainage network must be subject to specific instrumentation, with daily data recording and
automated alerts management triggered by reaching the limits set by the prefectoral decree.

To be compliant with the prefectural order N ° BERV2016-09-06, the installation of measuring,
recording and transmission instruments is required for each building connected to the collective
drainage network.

It is the respondiility of eachproject owrer to respect the requirements, setting up the necessary
meters and communication system to allow data collection and data contrahdymetropolitan
authority METRQ METRO is responsilbé the exploitation ofthe collective dainage network and,
thus, to make available all the data needed by the government offices to check that the rules are
respected.

Data to be transmitted by each buildingMETRO are the following:
- Index of the volmetric metres every quarter
- Daily record of rejected volumes
- Daily records of mximal discharge rates rejected
- Daily records of the temperatures of pumped and rejected water
- Daily records of the piezometric level of the groundwater
- Alerts toMETRO when operating dysfunctions are detected.
- Notifications toMETRO of any incident which could disrupt the proper operation of the
public collective drainage network



To enable the automated monitoring of the operation of the installations in the buildings connected
to the collective drainage netwr specific equiment has been designed by ATABis equipment

OrttSR /L{ RFGLl
transmission of dta between the buildings andETRO.
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Figure4 : Principle of instrumentation set up for each building

The CIS box is equipped with internal software that allows to automatically:
- collect regulatory data from the probes
- generate a computer file on a daily basis
- record thisdata on an IT server and make it available to the relevant actors

Figureb : Location of the probes and meters for each building

























































