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In the framework of the reorganisation of the Presqu’île of Grenoble, the area of the confluence
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 new buildings built in this urban district. The
geothermal systems use the energy of the water table. This water table energy is valorised for
heating, cooling and DHW production for the new buildings.
The specificities of the Presqu’île development area (mainly hydrogeology characteristics) help to
develop an innovative solution for heating and cooling. This solution provides heating and cooling to
many concentrated energy efficient 5-to-11-floors buildings with energy efficiency and affordable
cost for the end user.
The proposed solution consists in deploying efficient heat pumps (double service heat pumps
producing both heat and DHW) using the energy located between the two thermic wells groundwater and river Isere.
The innovation consisted in using 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 drainage network implies legal requirements mainly due to the fact that
the water pumped is not rejected into the water table itself.
That’s the reason why its use is restricted by special authorisation rules granted by governmental
offices and specified by a prefectural order to guarantee the project's low environmental impact. In
particular, to 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
- maximum annual 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
installations
Due to these legal requirements, buildings have in particular to be equipped with special instruments
to follow and control the geothermal installations. In particular, it is necessary to ensure that the
data’s limits defined by the prefectoral decree at the scale of the Presqu’île area are respected and 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 the collective drainage network in order to ensure the
most accurate monitoring possible.
This document describes the regulatory instrumentation that has been implemented for the first
buildings connected to the collective drainage network and that will to be deployed for all of them. It
describes the difficulties encountered in this first stage of the development of the Presqu’île area (in
the Cambridge district) but also the objectives that were achieved during this period, allowing the
monitoring of the majority of the connected buildings. This report also highlights the improving
points which should make it possible to optimize the operation for the buildings already delivered
and for the future buildings connected to the collective drainage network.
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The collective drainage network is a performing and innovative solution by which every building has
the capacity to install a heat pump (heating and cooling supply) in the Presqu’île district with the
same level of performance, without degradation despite the large number of buildings.
The collective drainage network is an innovative technical solution for high-density urban
development of buildings with a very high level of energy performance.
However, the principle of the collective drainage network consists in using an individual geothermal
installation for each building and in using a common network to reject in the Isere river the water
pumped from the groundwater table. As a result, this technical system is subject to strong legal
constraints that require the implementation of a monitoring and control system.
The instrumentation system is based on a complex hardware and software solution made of probes,
meters and communication boxes to control the geothermal installation in real time in order to
detect possible operational problems, to identify the causes and to quickly operate to fix them.
The instrumentation project created the technical and legal knowledge needed to reproduce this
type of network in other cities characterized by the appropriate underground profile. These
conditions can be often encountered in urban areas crossed by one or several large rivers causing a
high water table level, which make the collective drainage network definitely replicable at large
scale.
This report is complementary to those previously written as part of the CityZEN initiatives, also
related to the realization of the collective drainage network. This is the D3.12 deliverable which
describes the study of the behaviour of the groundwater table and the impact of the collective
drainage network on this sensitive environment. The second, the D6.11 deliverable, describes for its
part the principle of the collective drainage network itself and the different steps that led to its
implementation and deployment on the Presqu'île area.
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The deliverable “D7.11” is related to the technical instrumentation set up for the project of
collective drainage network which has been designed to improve the production of heat and cool by
groundwater pumping in the Presqu’île district of the city of Grenoble.
The general objective of the project is to transform the Presqu’île area into a 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
consisting in a closed network of tempered water circulating around the Presqu’île area and getting
most of its heat needs from the Athanor waste incineration plant located 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 carried out for the design of this previous innovative project led to different
investigations such as:
- Management of the underground urban aquifer
- Demonstration of a Low Temperature (25–35°C) District Heating/Cooling Grid interfaced with
sewage water pipe, and connected to new buildings in Presqu’île district area.
- Demonstration of the integration of centralised and/or distributed seasonal geothermal heat
storage.
These activities aim at saving about 1 300 tons of CO2 per year.
Regulated low temperature loop was aborted due to very high financial investment involved by the
project which could not be compatible with the social objectives of housings in the Presqu’île district.
Thus, INNOVIA and the City of Grenoble decided to change the way to produce district heating and
cooling to reduce the investment cost, but keeping in mind to maintain a high level of performance
and innovation.
This decision leads to install highly energy performance groundwater heat pumps in each building,
using the energy of the water directly pumped under it. 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 water directly to the
underground urban aquifer located under the Presqu’île area. Due to the housing high density and
thermal clouds involved by buildings on each other’s, it has been necessary to design an innovative
solution to avoid rejecting the pumped water under the buildings. That is the reason why the
innovative collective drainage network (also called “exhaure network”) has been designed and built
in the Presqu’île district.
Due to the fact that the water pumped is not rejected into the water table itself, the use of the
collective drainage network implies legal requirements. That’s the reason why its use is restricted by
special authorisation rules granted by governmental offices and specified by a prefectural order.
DELIVERABLE D711 | PU public
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The instrumentation of the collective drainage network has been set up to respect these legal
requierements envolved by the geothermic installation, but also to be able to manage and follow the
real performance of the whole heating and cooling system at the different scales (building, block,
district). Data collected by the instrumentation brings a very interesting feedback about the
collective drainage network experimentation and the way it can be widely reproducible to manage
sustainably and integrity of urban water table resources.
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The Presqu’île public development area spreads on 27 hectares. Historically, it is an area with a
dominant of scientific and industrial companies, but quickly evolving to a functional mix with offices,
education, research, housing… One of the first objectives is to build housings with a strong social mix
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 (bikeways) and 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 and integrated to the rest of the
city. Moreover, the district will have a green component. Indeed, the Presqu’île will be an ecodistrict, 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 project by the inhabitants.
Moreover, since the beginning, the development project of the Presqu’île of Grenoble is in a process
of search of a maximum energy efficiency correlated with a strong environmental management. In
this way, the specification requirements are built 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 of the buildings for the heating, DHW and cooling.
At a larger scale, another important point to review is the energy global management, with the
ability to take into account the global energy needs of the future buildings. In the Presqu’île, there
are many available energy resources such as gas, urban heat (network), geothermal or photovoltaic
production, even nuclear one. However, the Presqu’île is the area of the confluence between two
rivers: the Drac and the Isere. So, a geothermal exploitation using the water table is the cheapest and
the most efficient solution for the buildings of this large district of the Grenoble City.

One specificity of the Presqu’île is that it is the confluence between the two rivers crossing the city of
Grenoble: the 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 visible confluence area. So, the energy potential of the
water table is very high and the risk of shortage is very low.
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1
Cambridge_PSC

Cambridge_PSC2

ZN (A)

Presqu’île area
2
Drac river

Figure 1 : Map of the Presqu’île area with location of the piezometer points
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 the Presqu’île, the temperature of the groundwater
has been measured during several years.
The next sheet shows the synthesis of the extreme temperatures measured for 20 months:
Water table temperatures (min/max)
according to water depth
Piezometer points
at - 4m
at - 10m
at - 14m
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
-Table 1 : 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 and 16 °C during summer. At a depth of 14 metres, the
temperature is even more stable wherever is the area of observation in the Presqu’île district.
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
respond to buildings’ needs for both heating (winter) and cooling (summer).

The development of the Presqu’île district involves many new 5-to-11-floors buildings using the
geothermal energy of the groundwater. Without using the principle of collective drainage network,
this concentration would decrease the average heat pump’s coefficient of performance (COP) for all
the buildings of the Presqu’île and so the energy performance.
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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 decrease 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, the district will be
globally less and less energy efficient when the number of built buildings increase. This phenomenon
is well known in geothermal production and is often called « thermal cloud ».
The Presqu’île aquifer permeability is high and water velocity quite important, but not sufficient to
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
for all the buildings. Its use for the Presqu’île projects allows to reach a COP level up to 5, which
means up to 5 times more energy produced than consumed.

To address this density issue, it was necessary to use an innovative solution to use groundwater by
heat pumps without risk of degrading the energy efficiency of the whole system, avoiding the
phenomenon of thermal cloud.
The innovation consisted in using 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.

Heat Pump

Collective Drainage Network
Rejected water
Pumped water

Water Table

Figure 2 : Principle of the collective drainage network in the Presqu’île area
The objective of the collective drainage network is to connect the majority of residential and office
buildings built in the Presqu’île district. To achieve this, the network is deployed throughout the
Presqu’île area, with the exception of the northernmost sectors and the western part of the area
which is mainly occupied by research and development activities.
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Emergency reinjection wells
Collective drainage network

Figure 3 : Location of the collective drainage network in the Presqu’île district
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At the time of writing, 16 buildings have been delivered and connected to the collective drainage
network, which stands for a total of 39,570 m² of floor space, representing approximately 12% of the
total connection potential, distributed as follows:
- 452 residential housings for a total of 34 306 m² of floor space
- 99 student housings for a total of 3 410 m² of floor space
- 1 school (Simone Lagrange) for a total of 2 300 m² of floor space

Year of
Number of
delivery
housings
RESIDENTIAL HOUSINGS
CASTEL’O
CE2a
2016
22
CASTEL’R
CE2b
2016
7
UP
CI2
2016
40
PYTHON
CK1
2016
43
EQUATION
CL1
2016
33
ALASIA
CI3
2017
27
NOVAE
CJ1
2017
34
SOLEIL
CJ4
2017
38
SOLARIS
CK3
2017
38
ZENAE
CK4
2017
45
SNCF
CG2
2017
8
PANACHE
CI1
2018
42
CEVA
CI4
2018
32
THALES
CK2
2018
43
TOTAL OF RESIDENTIAL HOUSINGS
452
STUDENT HOUSINGS
OXYGENE
CL2
2016
99
SIMONE LAGRANGE SCHOOL
S.LAGRANGE (school)
DK
2017
TOTAL
551

Building

Commercial name

Floor space
(m²)
1 905
697
2 611
3 284
2 663
2 150
2 566
2 700
2 807
3 676
570
3 379
2 421
2 877
34 306
3 410
2 300
40 016

Table 2 : Buildings currently connected to the collective drainage network
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The implementation of the collective drainage network system required a specific regulatory
framework due to legal requirements. Unlike conventional installations, the water pumped by each
building from the water table is not rejected into the water table itself. That’s the reason why its use
is restricted by special authorisation rules granted by governmental offices and specified by
prefectural order n° DDPP-ENV-2016-09-06. 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 level of environmental requirements. This implies a follow-up of
the installations and a reinforced protection of the environment.
To ensure a high level of environmental protection, the regulatory requirements are the following:
- maximum water temperature rejected to the Isere river of 18.5°C
- maximum annual volume pumped 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
installations
The measurement of these different data has to be carried out continuously all year long and
throughout the entire life of the building, as long as its geothermal installation is operated using the
collective drainage network.
To guarantee the respect of the legal requirements at the scale of the Presqu’île district, it is
necessary to be able to individually follow each building connected to the collective drainage
network. Thus, when a problem occurs, that gives the capability to quickly and accurately identify the
source of dysfonctions. That’s the reason why the flow and volume limits pumped out of the
groundwater layer and rejected to the Isere river have been set for each building, according to its
own characteristics (surface area, type of activity, thermal performance to be achieved, ...).
To ensure the respect of the regulatory requirements, each building has to be compliant with the
followings:
- maximum difference of temperature between pumped water and rejected water of 4°C
during winter (heating)
- maximum difference of temperature between pumped water and rejected water of 2°C
during summer (cooling)
- maximum annual volume pumped into the groundwater and rejected to the Isere river as
defined for each building
- maximum permitted pumping and rejecting rate as defined for each building
- measures to ensure the groundwater level is not stongly affected by the geothermal
installations
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Building

Commercial name

CE2a
CE2b
CI2
CK1
CL1
CI3
CJ1
CJ4
CK3
CK4
CG2
CI1
CI4
CK2
CL2
DK

CASTEL’O
CASTEL’R
UP
PYTHON
EQUATION
ALASIA
NOVAE
SOLEIL
SOLARIS
ZENAE
SNCF
PANACHE
CEVA
THALES
OXYGENE
S.LAGRANGE school
TOTAL

Maximum
rejected
volume
3
(m /year)
25 000
9 150
89 050
98 000
40 000
89 700
68 350
81 900
98 000
109 800
12 600
84 900
34 644
52 933
93 850
66 000
1 053 877

Maximum
rejected rate
3
(m /h)
12.5
4.5
17.9
16
15.5
18
25
19.7
20.5
23.6
3.5
19.7
14.1
16.8
25.4
30
287.7

Table 3 : Maximum limits defined for each building connected to the collective drainage network
Due to legal requirements, the 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 ° DDP-ENV-2016-09-06, the installation of measuring,
recording and transmission instruments is required for each building connected to the collective
drainage network.
It is the responsibility of each project owner to respect the requirements, setting up the necessary
meters and communication system to allow data collection and data control by the metropolitan
authority (METRO). METRO is responsible of the exploitation of the collective drainage 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 building to METRO are the following:
- Index of the volumetric metres every quarter
- Daily records of rejected volumes
- Daily records of maximal discharge rates rejected
- Daily records of the temperatures of pumped and rejected water
- Daily records of the piezometric level of the groundwater
- Alerts to METRO when operating dysfunctions are detected.
- Notifications to METRO of any incident which could disrupt the proper operation of the
public collective drainage network
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To enable the automated monitoring of the operation of the installations in the buildings connected
to the collective drainage network, specific equipment has been designed by ATOS. This equipment
called CIS data transmitter box (or CIS box) must be installed in each building to ensure the
transmission of data between the buildings and METRO.

Probe
HP Heat pump

Figure 4 : 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 this data on an IT server and make it available to the relevant actors

Figure 5 : Location of the probes and meters for each building
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The CIS box is a hardware and software solution designed by AIM (local IT manufacturer) and ATOS
(international IS company). It allows to connect the probes and meters which are necessary to
collect, store and transmit the requiered data.

Figure 6 : Exemple of CIS box installed in a building boiler room
The different probes and meters are either directly connected to the CIS box or, most often, using a
controller unit located in the boiler room of each building. The probes and meters connected to the
CIS box are the following:
- upstream and downstream water probes to measure water temperature
- downstream meters to measure flow rate and volume of rejected water
- pressure probes to measure the level of the groundwater

Figure 7 : Exemples of meters installed in buildings boiler rooms: temperature meter (left) and heat
meter both measuring flow rate and temperature (right)
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This chapter presents the currently available data collected from the instrumentation and the first
conclusion results from their analysis. It covers a 2 years period including the years 2018 (September
2017 to August 2018) and 2019 (September 2018 to August 2019).
At this stage, not all the measurements are usable due to difficulties still encountered today either in
the measurement (groundwater level) or in the consolidation (temperatures) of the data, or in the
interpretation of these data by the METRO operator.
Never the less, appropriate and usefull information are now available and make it possible to provide
feedback experience and guarantees that the collective drainage network and the geothermal
installations work properly and efficiently, in compliance with the regulatory requirements imposed
by the prefectoral decree.

One of the important monitoring data concerns the annual volume rejected to the collective
drainage network because it is a condition for compliance with the legal requirements applying at
the Presqu’île aera level. Thus, the validation of compliance with the commitment of a maximum
annual volume rejected to the collective drainage network by each building allows precise
monitoring and gives a targeted diagnostic capability in the event of a building dysfunction.
However, the following table also highlights the difficulties still encountered for some buildings in
collecting data, as well as some dysfunctions encountered by some other buildings for which the
annual volume limits was exceeded (and still exceeded for one of them).

Building

Name

CE2a
CE2b
CI2
CK1
CL1
CI3
CJ1
CJ4
CK3
CK4
CG2

CASTEL’O
CASTEL’R
UP
PYTHON
EQUATION
ALASIA
NOVAE
SOLEIL
SOLARIS
ZENAE
SNCF
PANACHE

CI1
CI4
CK2
CL2
DK

CEVA
THALES
OXYGENE
S.LAGRANGE school

Maximum
rejected
volume
3
(m /year)
25 000
9 150
89 050
98 000
40 000
89 700
68 350
81 900
98 000
109 800
12 600
84 900
34 644
52 933
93 850
66 000

Rejected
volume
(year 2018)

Rejected
volume
(year 2019)

18 067
7 200
Not Available*
100 084
57 000
Not Available
170 179
Not Available
71 241
Not Available
Not Available

20 276
7 453
36 972
82 086
Not Available
52 689
106 417
Not Available
67 436
Not Available
Not Available
Not
Applicable
26 876
57 205
Not Available
Not Available

Not Applicable*
Not Applicable
Not Applicable
Not Available
Not Available

Table 4 : Rejected volume for each building connected to the collective drainage network
measured for years 2018 and 2019 (from September to August)
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(*) “Not Available” means that the measurements are not available for technical reasons
“Not Applicable” means that the measurements are not available for planning reasons (building not
yet delivered or very recently delivered)
The main difficulties in data collection (when data is “Not Available”) are encountered when a part of
the instrumentation system is still missing, which makes it totally or partially inoperative. This is a
problem encountered either in data measurement (missing meter or meter not correctly connected
to the CIS box) or in data collection (CIS box is missing or not operational).
This kind of problem is mainly encountered for the very first buildings delivered in the Presqu’île area
(Cambridge district) because the instrumentation requirements had not yet been defined by the
prefectoral decree for these buildings during their design phase. Never the less, the number of
buildings delivered during the first stage of the Presqu’île deployment which are now operational for
instrumentation is still regularly increasing since 2018.
Indeed, project management work for these buildings is still on going to make operational the
instrumentation of the totality of the first buildings delivered in the Presqu’île area, which is in good
progress and should be completed by 2020 at the latest.
More recently delivered buildings do not encounter major difficulties because their initial design has
taken into account instrumentation needs.
We also had to deal with another difficulty regarding the transmission of the building data to the
METRO operator. It was encountered in setting up the communication between the buildings and the
METRO operator because this communication uses an Internet connection which requires a
subscription with a specialized operator. The cost of the subscription is quite high over time, which
has sometimes led building owners to first refuse to set up this connection for the first buildings
delivered.
The other problem with the Internet connection came from the fact that a phone connection had to
be set up in the building’s boiler room, which was not always possible when not previously provided
by the building design. In this particular case, it was necessary to implement wireless connection
solutions, which could unfortunatly bring additional costs.
For the new buildings, the acquired experience and the fact that the requirements for
instrumentation are now taken into account in the design specification of the buidings allow to
succeed in delivering operational instrumentation efficiently
The following graphs detail the data acquired for the 3 buildings: CK1, CJ1 and CK3. This allows to
determine specific behavior for each building and the contribution of instrumentation in the analysis
of their respective functioning.
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Figure 8 : Monthly cumulative rejected volume (years 2018 and 2019) for CK3 Solaris building
The analysis of the data relative to the CK3 Solaris building indicates that the geothermal installation
operates correctly as early as 2018 since the rejected limit volume has not been reached for the
complete year. We can even see a decrease in the volume rejected to the collectice drainage
network during the following year (2019) for this building, which is explained by an improvement in
the regulation of the geothermal installation.

Figure 9 : Monthly cumulative rejected volume (years 2018 and 2019) for CJ1 Novae building
The analysis of the data relative to the CJ1 Novae building shows dysfonctions for both years 2018
and 2019 since the limit of rejected volume is exceeded for each of them. This is explained by a
geothermal installation that had to be put into operation very quickly due to a delivery of the
building which occurred during winter and, certainly, by a lack of experience of the technical teams
that has designed and implemented the geothermal installation.
However, the analysis of the collected data made it possible to detect the anomalies and to start an
improvement approach. Thus, even if the annual limit is still exceeded in 2019, there is a decrease in
the volume rejected to the collective drainage network during the second year, which indicates an
improvement of the geothermal installation and its operation’s optimization. Further analysis will
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determine whether an optimization of the geothermal installation is still possible or whether there is
a need to increase the annual volume limit for this building.

Figure 10 : Monthly cumulative rejected volume (years 2018 and 2019) for CK1 Python building
The analysis of the data relative to the CK1 Python building shows dysfonctions for year 2018 since
the limit of rejected volume is exceeded. But, the analysis of the collected data made it possible to
quickly detect the anomalies and to start an improvement approach which leads to geothermal
installation operating correctly as early as 2019 since the rejected limit volume has not been reached
for the complete year (from August 2018 to September 2019).
The anomaly detected was due to a dysfunction in the DHW production. Indeed, the heat pump did
not correctly use the capacity of the DHW storage tank located in the boiler room. This led to very
short operating cycles of the heat pump and consequently to an over-consumption of both electricity
and water pumped from the groundwater table. The operation’s optimization of the geothermal
installation allowed the heat pump to work more efficiently and, thus, to reduce the volume of
pumped and rejected water.

Another important monitoring data concerns the maximum flow rate rejected to the collective
drainage network because it is also a condition for compliance with the legal requirements applying
at the Presqu’île aera level. Thus, the validation of compliance with the commitment of a maximum
flow rate rejected to the collective drainage network by each building allows precise monitoring and
gives a targeted diagnostic capability in the event of a building dysfunction.
However, the following table also highlights the difficulties still encountered for some buildings in
collecting data, as well as some dysfunctions encountered by some other buildings for which the
annual volume limits was exceeded (and still exceeded for one of them).
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Building
CE2a
CE2b
CI2
CK1
CL1
CI3
CJ1
CJ4
CK3
CK4
CG2
CI1
CI4
CK2
CL2
DK

Maximum
rejected rate
3
(m /h)
CASTEL’O
12.5
CASTEL’R
4.5
UP
17.9
PYTHON
16
EQUATION
15.5
ALASIA
18
NOVAE
25
SOLEIL
19.7
SOLARIS
20.5
ZENAE
23.6
SNCF
3.5
PANACHE
19.7
CEVA
14.1
THALES
16.8
OXYGENE
25.4
S.LAGRANGE school
30
Name

Rejected rate
(year 2018)

Rejected rate
(year 2019)

4.3
1.7
15
27.3
16.1
Not Applicable
47.2
Not Available
15.3
Not Available
Not Available
Not Applicable
Not Applicable
Not Applicable
Not Available
Not Available

7.6
2.9
11.8
16.9
Not Available
12
20.9
Not Available
15.4
Not Available
Not Available
Not Applicable
7.2
16.1
Not Available
Not Available

Table 5 : Maximum rejected rate for each building connected to the collective drainage network
measured for years 2018 and 2019 (from September to August)
The following graphs detail the data acquired for the 3 buildings: CK1, CJ1 and CK3. This allows to
determine specific behavior for each building and the contribution of instrumentation in the analysis
of their respective functioning.

Figure 11 : Maximum rejected rate by month (years 2018 and 2019) for CI2 Up building
The analysis of the data relative to the CI2 Up building indicates that the geothermal installation
operates correctly as early as 2018 since the maximum rejected rate (17.9 m3/h) has not been
reached since the beginning of the data collection. We can even see a decrease in the maximum rate
rejected to the collective drainage network during the following year (2019) for this building, which is
explained by an improvement of the geothermal installation and its operation’s optimization.
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Figure 12 : Maximum rejected rate by month (years 2018 and 2019) for CK1 Python building
The analysis of the data relative to the CK1 Python building shows dysfunctions for both years 2018
and 2019 since the maximum rejected rate (16 m3/h) is exceeded for each of them. In 2018, this is
mainly explained by a problem that occurred on November when the heating installation started up.
However, the analysis of the collected data made it possible to detect the anomalies and to start an
improvement approach. Thus, even if the maximum limit is still lightly exceeded in 2019, there is a
decrease of the maximum rejected rate during the second year, which indicates an improvement of
the geothermal installation and its operation’s optimization.
The main anomaly detected was due to a dysfunction of the heat pump to correctly manage
simultaneous production of DHW (which is a hight temperature production up to 55°C) and houses
heating (lower temperature up to 35°C). This led to very short operating cycles of the heat pump and
consequently to an over-consumption of both electricity and water pumped from the groundwater
table. The operation’s optimization of the geothermal installation allowed the heat pump to work
more efficiently and, thus, to reduce the volume of pumped and rejected water.
Further analysis will determine whether an optimization of the geothermal installation is still possible
or whether there is a need to lightly increase the maximum rate limit for this building. The case may
arise if it appears that the calculations made several years before the construction of the buildings to
determine the volume and rate limits did not reflect reality. In particular, these calculations took into
account forecasted data on the number of housings, floor area and energy performance of each
building. Some of the data may have changed and no longer match with the building actually built.
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Figure 13 : Maximum rejected rate by month (years 2018 and 2019) for CJ1 Novae building
The analysis of the data relative to the CJ1 Novae building shows dysfonctions for year 2018 since the
maximum rejected rate (25 m3/h) is far exceeded. In 2018, this is mainly explained by a problem that
occurred on September certainly due to dysfunction of the geothermic installation when it started
running in freecooling mode. But, the analysis of the collected data made it possible to quickly detect
the anomalies and to start an improvement approach which leads to geothermal installation
operating correctly as early as 2019 since the maximum rejected rate has not been reached for the
complete year (from August 2018 to September 2019), even during summer when freeccoling mode
is used. This is explained by an improvement of the geothermal installation and its operation’s
optimization.

The temperature monitoring of the collective drainage network is an essential factor since it is a
condition for compliance with the legal commitment to reject water to the Isere river through the
collective drainage network at a maximum temperature of 18.5°C. Thus, the checking of compliance
with the commitment of a maximum water temperature rejected by each building makes it possible
to guarantee this commitment at the Presqu’île district larger scale. It also allows for accurate
monitoring and provides a targeted diagnostic capability in the event of a building dysfunction.
For each building, the water temperature is both measured when it is pumped from the groundwater
(just before entering in the heat pump) and when it is rejected to the collective drainage network (at
the exit of the heat pump). This allows the following double check:
- conformity of a rejected temperature to the collective drainage network lower than 18.5°C
- conformity of a maximum temperature difference of -4°C in heating mode and +2°C in
freecooling mode
This allows to check the conformity of the installation regarding the legal constraints and, in the
same time, to control the energy efficiency of the building's geothermal production.
The technical design of the heat pump models that have been installed in buildings makes it possible
(unless there is a major dysfunction) to ensure that the difference of temperature requirements in
heating mode (-4°C in winter) are met. Therefore, the compliance with the maximum temperature of
the rejected water depends essentially on the fact that the groundwater temperature remains
consistent over the year with the estimates. As a reminder, these estimates have been made on the
basis of pumping campaigns carried out over several years on the Presqu’île district (see Table 1).
DELIVERABLE D711 | PU public
p. 23

City-zen – GA n° 608702

Currently and since the first buidings deliveries, most of them allows to correctly monitor
temperature and none of them shows dysfunctions, neither in winter nor in summer.

Figure 14 : Water temperature measured by hours
(from 07/11/2019 to 14/11/2019) for DK Simone Lagrange school
Figure 14 presents an exemple of hourly data collected in November 2019 for the DK Simone
Lagrange building (school). It shows that the groundwater temperature is still fairly hot in November
(maximum temperature around 17.5°C) due to the remaining high temperature of the water table
after summer months. In heating mode, the geothermal installation lowers the water temperature of
about 4°C, which is compliant with energy efficiency of the heat pump and with legal requirements
thanks to a rejected water temperature lower than 18,5°C (maximum water temperature around
14,5°C).
Temperature measurement of pumped and rejected water is done every second which allows to
obtain two different values every hour: maximum and average temperatures. Both of them are
interesting to follow as they can bring very usefull information. Measurement of the average
temperature by hours is usefull to be able to check that the geothermal installation will not
contribute to acheive the maximum authorized temperature of the water rejected to the Isere river.
Measurement of the maximum temperature by hours is usefull to be able to check the heat pump is
working properly.
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Figure 15 : Water temperature measured by hours
(from 09/07/2019 to 15/07/2019) for CG2 SNCF building
Figure 15 presents an exemple of hourly data collected in July 2019 for the SG2 SNCF building
(housing). It shows that the groundwater temperature is still fairly cool in July (maximum
temperature around 15°C) due to the remaining cold temperature of the water table after winter
and spring months. In cooling mode, the geothermal installation working in freecooling mode raises
the water temperature of less than 1°C, which is compliant with legal requirements thanks to a
rejected water temperature lower than 18,5°C (maximum temperature a little upper than 15°C).

The monitoring of the groundwater level of the collective drainage network is important since it
allows to ensure the water table is not critically affected by the pumpings due to the geothermal
installations. This point is particularly critical using the collective drainage network principle as the
pumped water is not directly rejected to the water table itself but to the Isere river. This situation
could potentially lead to a progressive decrease in the water table if its capacity to regenerate itself
was not sufficient.
The groundwater level measurement is done in real time for each building, to be sure it doesn’t show
any significant variations during the operation of the geothermal system, whether in heating mode in
winter or cooling mode in summer.
The groundwater level is measured by a pressure probe. The measured pressure is proportional to
the height of the water above it. Thus, any pressure variation measured by the probe is able to
directly detect a change in the groundwater level.
However, we are still facing problems with pressure instrumentation in calibrating probes to match a
given pressure measurement to a groundwater level. Studies are underway to physically measure the
groundwater level in the boreholes of each building in order to calibrate the pressure measurements
and thus be able to determine the actual groundwater level.
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Nevertheless, the current measurements make it possible to compare them each others and to
establish that the values of the data acquired vary very little over time. It is therefore possible to
conclude, even if we don’t currently know the actual level of the groundwater table, that it changes
very little over time and that it is therefore not or only slightly affected by geothermal installations.
Next figure presents an exemple of data collected every half hour in September 2018 for the CK1
Python building. It shows that the pressure stays very stable, even if the geothermal installation is
currently used in cooling mode, which can allow to conclude to a good groundwater level stability.

Figure 16 : Water pressure measured every half hour
(from 04/09/2018 to 06/09/2018) for CK1 Python building
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The collective drainage network demonstrator project is an efficient energy solution for heating and
cooling buildings in a dense urban environment, using geothermal energy from the groundwater
while ensuring low environmental impact.
To guarantee the project's low environmental impact, it is subject to stringent legal requirements,
which result in particular in the need to instrument the geothermal installations of each building
connected to the collective drainage network deployed in the Presqu'île district.
The project therefore required the implementation of complex instrumentation for each building
connected to the collective drainage network, as well as a communication infrastructure to collect
instrumentation data and process them in real time.
The implementation of the instrumentation dealed with several issues due to the complexity of the
technical solutions implemented for each building. These difficulties were overcome as the
instrumentation was designed and deployed, resulting in a solution that is now operational for
almost all buildings.
The constraints encountered are also due to the construction schedule of the first buildings, some of
which were delivered before the legal requirements set by prefectoral decree were defined. It was
therefore necessary for these buildings to set up the instrumentation after their delivery, which
sometimes caused technical and organisational difficulties.
Finally, the implementation of the instrumentation required the involvement of many actors
(buildings holders, building engineering companies, IT and IS engineering companies, building
maintenance operators, internet operators, …) with many different respective skills, which required a
significant project management activity.
However, the instrumentation project is already operational and has been deployed for the first
buildings delivered in the Cambridge sector of the Presqu'île district since 2016. It makes it possible
to meet the regulatory constraints imposed by the prefectoral decree and thus guarantees
compliance with sustainable development requirements and low environmental impact of the
collective drainage network. In particular, it ensures the low environmental impact of geothermal
installations on the water table present in the underground of the Presqu’île area and operated by
the heat pump of each building.
The instrumentation implemented also makes it possible to meet an objective of monitoring and
improving the energy performance of geothermal installations, which is a particularly interesting
contribution of the project.
The project is now in an optimization phase in order to finalize the instrumentation of the last
buildings delivered and to improve the capacity to interpret the collected data more efficiently.
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Given the replicability of the collective drainage network and the instrumentation that has been set
up to meet regulatory and environmental monitoring requirements, it is now possible to deploy the
solutions implemented on several projects in the Grenoble area and on other sites in France. Further
collective drainage network deployment projects are currently being studied in other districts of the
Grenoble urban area, such as the Esplanade district.

The advice we can give for future projects covers technical, economic and organisational aspects.
From a technical point of view, the instrumentation that has been set up is complex and requires the
intervention of very different actors, with specific expertise (building engineering, IT and IS
engineering, building maintenance, internet, …).
One of the difficulties encountered in management was to ensure that the different actors were able
to work together and succeeded in developing a common operational solution that meets the
objectives.
Another difficulty was the technical translation of the legal requirements to be sure the proposed
instrumentation solutions was able to meet them.
From an economic point of view, it was very difficult to convince the buildings holders that they had
to pay for the instrumentation since there was no direct benefit for them. This led to a support work
to convince the buildings holders of the interest in setting up the instrumentation. This also led
INNOVIA as urban developer to provide strong technical and economic support to building holders
through consulting and technical assistance. It is also difficult to justify the fact that each building’s
holder has to monthly pay for an internet connection in order to allow METRO to monitor the
geothermal installations to meet the legal requirements.
Another major difficulty we have faced is related to the fact that the prefectoral decree was finalized
when the first buildings connected to the network were already under construction or even for some
of them already delivered. It was therefore necessary for these buildings to set up the required
instrumentation after their delivery, which necessarily led to great technical and organisational
difficulties because the engineering companies in charge of the installation were no longer present.
Fortunately, this problem only affected the first buildings as, for the next ones, the instrumentation
needs were taken into account as soon as the design phase of buildings.
We also noticed that the specifications drawn up for the instrumentation of the first buildings
connected to the network were not sufficiently precise and that it was necessary to specifically
prescribe equipments (probes, meters, CIS box, …) so that the instrumentation system met the legal
requirements. That’s the reason why most of the instrumentation specifications have been updated.
Also, the monitoring of the instrumentation which is carried out by METRO (collective drainage
network operator) requires the instrumentation solution to be connected to the Internet network.
This requires an Internet connection provided by a specialized operator. We encountered a lot of
technical and organisational issues setting up the internet connection for the first delivered buildings
because it was not previously and efficiently planned. The delivery of the next buildings occurred
without problems as the need of internet connection has been anticipated.
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One very good point is that the instrumentation is currently operational for most of the buildings
connected to the collective drainage network and that it makes it possible to ensure compliance with
legal requirements. We can even say that without closely monitoring the geothermic installations the
first few years, the collective drainage network would not operate correctly and efficiently. This is a
very important lesson learnt about the contribution of instrumentation for such an innovative
project.
The other very positive contribution of the instrumentation is that the collected data also gives very
interesting technical and monitoring information about the geothermal installation of each building
connected to the collective drainage network, which allows to improve and optimize energy
performance.

The collective drainage network project will continue to be deployed on the Presqu’île district and
the new buildings will be connected to it as they are delivered. In order to comply with legal
requirements and continue to benefit from the advantages provided, instrumentation will continue
to be deployed for these new buildings.
Thus, we will be able to capitalize on the experience acquired during the first phase of deployment of
the instrumentation solution and allow it to be operational as soon as the buildings are delivered.
This next phase of study will also make it possible to improve the deployment carried out on the first
buildings and in particular to make it operational for the few buildings that still present some
dysfunctions.
This phase of the project will also make it possible to finalize the groundwater level measurement by
calibrating the sensors and thus make it possible to accurately measure the actual piezometry in the
geothermic well of each building, all year long in heating and cooling modes.
Finally, METRO, as the operator of the collective drainage network, still has work improving its
capability to analyse and interpret the data collected from the instrumentation, allowing a better
control of the geothermal installations.

Collective drainage network project deployed in the Presqu’île district shows it is perfectly possible to
guarantee the performance of heating and cooling installations using the groundwater as an energy
resource, despite a very high level of building density (housing and office buildings).
The instrumentation project created the technical and legal knowledge needed to reproduce the
collective drainage network in other cities characterized by the appropriate underground profile.
These conditions can be often encountered in urban areas crossed by one or several large rivers
causing a high water table level, which make the collective drainage network definitely replicable at
large scale.
That’s the reason why it is possible to capitalize on the knowledge acquired by having set up
appropriate instrumentation meeting the legal requirements of the project, but also by having
provided operational tools to manage the collective drainage network performance.
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The different studies that have led to the development of hardware and software solutions and the
identification of technical equipment (probes, meters, CIS box, ...) are very usefull experience we can
capitalize on.
The experience acquired also relates to the management needs of such a project, the complexity of
which is based not only on the technical aspects but also to a large extent on the project
management needs imposed by the multiplicity of the actors and the various expertise involved.
Due to the replicability of the network, this technical and organisational experience is directly
applicable to future projects carried out near the Presqu'île district (as is currently being studied for
the Esplanade district in Grenoble) or in other cities in France.
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AIM
ATOS
CEA
CIS
COP
DHW
DRAC
ESRF
FREECOOLING

HP
INNOVIA
ISERE
METRO

Local IT company in charge of the development of the CIS box
International IS company
French nuclear and energy research center
Data transmitter
Coefficient of performance of a heat pump
Domestic Hot Water
River crossing the city of Grenoble that flows into the Isere river
European Synchrotron Radiation Facility
Solution for cooling which bypasses the heat pump (it only uses the cooling
power of the groundwater without other electric consumption than those
necessary for the well pump)
Heat Pump
Company responsible for developing the Presqu’île district
Main river crossing the city of Grenoble
Grenoble Alpes Metropole – group of 49 municipalities located around the
city of Grenoble – responsible for collective drainage network management
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