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B EXECUTIVE SUMMARY

1.1 DESCRIPTION OF THE DELIVERABLE CONTENT AND PURPOSE

Deliverable D4.2 consists in identifying and mapping the potential geothermal heat end-users
located around Vermilion sites in France. The purpose of this inventory is to identify all the
potential activities and projects that can be developed by august 2020 (milestone MS4) .

The present report first describes the method used for the inventory. We visited our current
users at Parentis (greenhouse) and Arcachon (district heating in operation) to get technical
feedback. We then met with local stakeholders: one-to-one meetings with mayors in the
aquitaine basin and round-table discussions in the Paris basin. We involved the public regulatory
offices when possible: ADEME (office in charge of implementing energy policies) and BRESS
(office in charge of technical regulation of subsurface use at the energy ministry).

The report then describes each of the projects currently identified: objective, energy needs,
schedule are critical parameters. In the Aquitaine basin, the most advanced project consists in
providing heat to a high school. In the Paris basin, a greenhouse project and a secondary school
are planned nearby our facilities.

Next steps are milestone MS3 (decision to proceed to detailed feasibility work, August 2019),
deliverable D4.3 (heat exchanger installed, April 2020) and milestone MS4 (heat production to
end-user, August 2020).

1.2 BRIEF DESCRIPTION OF THE STATE OF THE ART AND THE INNOVATION
BREAKTHROUGHS

Many conferences and papers address the synergies between oil/gas and geothermal industry.
The concept of “coproduction” of oil and geothermal energy is often related to conversion of
heat from hot water produced together with oil , to electricity through “organic rankin”
thermodynamic cycles.

Vermilion proposes to apply the coproduction concept to the direct use of heat by end-users.
The key innovation in D4.2 is the involvement of local stakeholders to develop low-carbon energy
projects and create local value.

1.3 CORRECTIVE ACTION (IF RELEVANT)

n/a

1.4 IPRISSUES (IF RELEVANT)

n/a
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B DELIVERABLE REPORT

2.1 INTRODUCTION

The objective of the deliverable D4.2 is to give an overview of all the potential heat end-users
near Vermilion sites in France. In order to achieve this, a methodology was followed and meetings
were organized with local decision-makers.

2.2 POSSIBLE APPLICATIONS OF GEOTHERMAL RESSOURCE

This present report complements report D4.1, which consisted in mapping heat resources in
Vermilion portfolio in France. Report D4.1 showed that the fluid temperature produced at the
wellhead (on average 95% brine / 5% oil) can be as high as 95°C, while the brine stored in water
tanks at surface and reinjected in dedicated water injection wells after separation is at lower
temperature, ranging from 50°C to 70°C.

Figure 1 represents the Lindal diagram that summarizes the spectrum of geothermal heat direct
uses according to temperature range.

T — (Flash)

Possible Applications

°C

150 200 250 300

Figure 1: Lindal diagram of geothermal heat direct uses according to temperature ranges.
(Source: Gehringer and Loksha, Geothermal Handbook: Planning and Finging Powe
Generation ESMAP 2012)

Vermilion brine geothermal temperature covers several geothermal applications:

Version : V4 // Dissemination level : PU



Mapping of potential heat end-users around Vermilion sites in France
H2020 Grant Agreement N° 792037

Hﬁmﬂ E ET Document ID: D4.2
Space heating: Vermilion’s resource is already used to heat up an eco-district in Arcachon. A visit
was organised on 13/02/19 to gather learnings from the ENGIE Cofely that is exploiting the heat
network (Annex 2.2). The Vermilion MEET team also attended a workshop related to district
heating on 19/03/19, organised by key public stakeholders ADEME/BRGM/FNCCR/region
IDF/AFPG. Details of district heating opportunities near Vermilion sites are given in section 2.4.

Greenhouses: Vermilion’s resource is already used by Tom d’Aqui, a tomato greenhouse grower,
to heat up 15 ha of greenhouse at Parentis oil facilities since 2008. A visit was organised on
06/03/19 to gather leanings (Annex 2.1). Other opportunities for greenhouse projects are
presented in section 2.4.

Snow melting: not applicable because both Aquitaine and Paris basin have oceanic climates that
block long winter: only 9 days/year of snow around Paris (last 10 years average).

Fish farming : not applicable. This application was investigated at a rear sturgeon installation in
the Aquitaine basin (https://www.caviar-perlita.com). Heat is provided at a competitive price by
a former oil well converted to a geothermal well. The geothermal resource (up to 200 m3/hr at
70°C) is used to maintain the breeding basins at a constant 17°C, therefore speeding up the
breeding cycle by 18 months and also removing the seasonality. 400 t/year of caviar are produced
and energy needs are about 45 GWh/year. The site visit (March 6th 2019) highlighted the very
specific conditions for breeding (river stream nearby, very sensitive biological process) and the
niche market. Therefore fish farming does not represent a potential market around Vermilion
sites.

Swimming pool: This option has not been explored. To our knowledge there are no swimming
pool projects under planning in the area where we operate.

A previous study carried out by Pole AVENIA/ALCIMED (Analyse des voies de valorisation de la
chaleur fatale issue des activités de geosciences, 2015) gives a panel of potential uses of residual
heat produced by subsurface activities producing water. Eight mature markets and four emerging
markets have been prioritised. The mature markets not already listed above are: wood drying
and food drying process. The four emerging markets are: micro-algae production, biogas plant
heating, insect breeding for food, aquaponics.

A report by public service ADEME (Etude des potentiels de production et de valorisation de
chaleur fatale en Tle-de-France, 2017) provides energy needs by type of potential users and
capital cost estimates.

2.3 METHOD

The methodology used to evaluate the potential heat end-users is described in this section.

2.3.1 Scope

Table 1 below lists the Vermilion production sites in France and their resources’ characteristics.
The table is ranked by thermal capacity (estimated with a dT of 25°C).

Version : V4 // Dissemination level : PU
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Two sites (Parentis and Les Arbousiers) already have heat delivery ongoing: they are out-of-
scope. Two other fields (Vic Bilh, Itteville) already have heat end-user identified with feasibility
study ongoing: they are out-of-scope. Three fields have very too low surface temperature for
direct use of heat: these are also out-of-scope. Finally, Courbey and Lavergne fields are located
in a very sensitive environment: out-of-scope. Ten sites remain within scope.

Brine flow Surface
Oil field (location) (m3/d) | Temperature (°C) Pth (MW) Comment
Chaunoy (Saint Mery) 6103 70 5.9 in scope
Vert le Grand (Vert le Grand) 3402 70 3.3 in scope
Cazaux (La Teste / Cazaux) 3353 60 33 in scope
Malnoue (Malnoue) 1825 70 1.8 in scope
Lugos (Lugos) 1642 50 1.6 in scope
Vulaine (Saint-Loup-de-Naud) 1589 65 1.5 in scope
Champotran (Vaudoy) 1079 60 0.8 in scope
Charmotte (La Chapelle Rablais) 511 50 0.5 in scope
Charmotte (Fontains) 409 50 0.4 in scope
Les Pins (Arcachon) 350 65 0.3 in scope. water capacity to increase in 2019

Table 1: Vermilion sites’ characteristics.

How far from the resource should one search for end-users ? With network connection costs
estimated between 500 to 1500 €/linear meter depending on urban density, pipe material and
diameter (source AVENIA-ALCIMED study 2015; CEREMA), geothermal heat cannot be
transported very far to remain economic compared to other sources. A energy density of 1.5
MWh/linear meter is generally used as an economic limit for heat network (source CEREMA). An
initial 3 km search radius was used for map-based search of end-users.

2.3.2 GIS and cartographic search

To identify all the potential heat end-users, a mapping study was carried out by using the GIS
(Geographic Information System) tool. A description of the GIS used by Vermilion is given in
Deliverable Report D4.1.

As for the inventory, the following GIS layers were used:
- Active injection wells,
- Water tanks at facilities sites,
- Active injection flowlines,
- Potential users: public data available about existing heat network, industry zones, public
buildings, heat consumption density.
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These potential heat end-users identified are summarised in Annex 1.

2.3.3 Meetings with current heat users

Please note, thanks to the European regulation on personal data protection, we do not provide
any specific name of people in this report.

Vermilion currently supplies geothermal heat to two local users: Tom d’Aqui that is a tomato
greenhouse grower company, and an Eco-district which heating network is operated by ENGIE
Cofely that is a French leader company in heating networks and renewable energy services for
districts and municipalities.

Meetings were held to gather information and learnings and see how these examples can be
replicated on other sites. Details are provided in Annex 2.

11/02/2019 Mr. A Operations Department Manager at ENGIE Cofely
06/03/2019 Mr. B Director General at Tom dl'Aqu'i
Mr. C Energy Manager at Tom d’Aqui

Table 2: Meeting with current heat users.

2.3.4 Meetings with local stakeholders

All sites described in Table 1 have been investigated for end-users. Most of the potential heat
users are public stakeholders.

In the Aquitaine basin, meetings were held with relevant services of town halls of Arcachon and
La Teste/Cazaux. The mayor of Lugos (Aquitaine) was interviewed by phone. The Cazaux military
base was contacted by email.

In the Paris basin all mayors concerned with Vermilion activity were contacted by email, with
follow-up discussions by phone. A workshop regarding Chaunoy / Champotran / Malnoue /
Vulaines / Charmottes heat opportunities was then organised with the chamber of agriculture
and the representatives of department Seine-et-Marne. A meeting was also held at the
departmental office about Vert-le-grand heat opportunities.

Follow-up discussions are ongoing.

The Vermilion MEET team also attended a workshop related to district heating in the Paris area,
organised by key public stakeholders ADEME/BRGM/FNCCR/region IDF/AFPG.

Table 3 summarizes the meetings that were held.
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Stakeholder

Potential

project(s)

Vermilion site(s)
concerned

10/01/2019

17/01/2019

31/01/2019

12/03/2019

19/03/2019

04/04/2019

05/04/2019

11/04/2019

06/05/2019

Mr. F

Mr. G

ADEME/BRGM/FNCCR
/AFPG/Paris region
representatives

Mr. H

Director, Seine et
Marne attractivity

Director, sustainable
development at
department 91

(Essone)
Director, Arcachon city
hall services

Deputy Director, La

Teste city hall services

ADEME geothermal
team

Tom d’Aqui’s CEO

In charge of public high
schools’ renovation in
the Nouvelle Aquitaine
region
President of the CCBRC
(Community of
Communes Brie des
Rivieres and Chateaux)
Vice-President of the
CCBRC (Community of
Communes Brie des
Rivieres and Chateaux)

SORGEM’s Deputy
Director-General

Heat projects in
department 77

Heat projects in
department 91

Heat projects in
Arcachon
Housing plans in
Cazaux
Geothermal
projects in Paris
area

Installation of a 15-

hectare tomato
greenhouse

Condorcet high
school’s heating
system renovation

Construction of a
110-hectare ZAC

Construction of a
new secondary
school

Housing
construction La-
Croix-Blanche

Table 3: meetings with prospective heat users

2.3.5 Key parameters for choosing heat delivery projects

Chaunoy/Champotra
n/Charmottes/Vulain
es/Malnoue

Vert-Le-Grand

Les Pins

Cazaux

all

Chaunoy

Les Pins

Champotran

Vaudoy

Vert-le-Grand

A number of parameters are required as part of the inventory to select the most relevant projects
(milestone MS3). The parameters are mainly defined after ADEME’s own project funding criteria
(ADEME is the public office in charge of implementing energy policies). The Information gathering
is still ongoing as we write this report.
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2.3.5.1 Feasibility of execution by August 2020 (Milestone MS4: heat exchanger in place, heat
production starts)

2.3.5.2 Heat needs

- Customer energy needs: maximum power required, monthly/daily/hourly energy needs.

- Geothermal energy coverage %: how much of the user’s energy needs can be covered by
Vermilion geothermal resource over a 20-year horizon ?

- Network/building energy efficiency: How energy-effective are the heat network (if
existing) and the buildings ?

2.3.5.3 Project’s impact and benefits

- CO; footprint reduction for end-user, by replacing natural gas with geothermal heat.

- Job creation: competitive energy costs can help create economic activity such as
greenhouses.

- Share of renewable energy: how will the geothermal heat help the end-user achieve a
higher share of renewable energy in its energy mix ?

- Impact on Vermilion’s local/regional acceptability

- End-user energy cost reduction: in the case of coproduction, wells and surface facilities
are already in place and most of operating costs are covered by oil revenues, therefore a
competitive heat price is expected to be achieved for the customer. Up to now Vermilion
has provided heat to its end-user (section 2.3.3) at almost no cost. However the French
context has evolved significantly as French government announced in December 2017
that by 2040 latest, exploitation of oil wells will cease. Conversion to geothermal activity
is encouraged. It is therefore in everyone’s interest to evaluate a business model for heat
nearby Vermilion’s existing facilities. Moreover, energy consumption reduction is an
important pillar of the French energy strategy, meaning that energy must have a realistic
cost for the customer. Finally, a fair price means a better customer service. The objective
is therefore to achieve a “win-win” energy price, both for Vermilion and for the end-user.
Market intelligence tells us that the “ceiling price” is about 40 - 45 €/MWh.

2.3.5.4 Project cost

Project cost shall be in line with the Grant provided by the EU. Project cost increases as
distance between the end-user and the resource increases, we therefore prefer projects right
next to our facilities/wells.
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PAEET

2.4 POTENTIAL HEAT END-USERS

By applying the method described in the previous section, potential heat end-users close by
Vermilion sites in France have been identified and are described in this section.

The map below shows the location of the most advanced projects where Vermilion can be
involved as a MEET decision-maker.

Figure 2: Position of the potential heat end-users identified near Vermilion sites in France.

2.4.1 Paris basin

The Paris basin potential is mainly about agricultural activities because the Vermilion sites are
quite isolated.
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Multi-sites €G5 Demonstration

2.4.1.1 Chaunoy field

Water flow rate Thermal power available

6103 m3/day 70°C 5.9 MW
Table 4: Chaunoy thermal resource

In Chaunoy area, two potential projects have been identified.
- Tom d’Aqui’s activity extension

The tomato grower Tom d’Aqui is considering an activity extension in the Paris Basin, based on
their success in Parentis. Based on Parentis greenhouse data, the project could be as big as 15
ha and require about 60 GWh of energy annually, bearing in mind that numbers must be adjusted
to Paris climate. Tom d’Aqui is investigating the feasibility of the project, and a decision is
expected by June 2019.

-« ZAC des Bordes » Project

A 10-hectare project is planned by CCBRC (Communauté de Communes Brie des Rivieres et
Chateaux) and will include an horticultural greenhouse activity. The public decision-makers are
very positive about using Chaunoy’s geothermal resource to heat the agricultural area. The two
sites are about 6 km apart from each other (Figure 3). Follow-up meeting is planned for May
2019.
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Figure 3: Position of ZAC des Bordes project which includes horticultural greenhouses.
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2.4.1.2 Champotran field (Vaudoy facilities)

Water flow rate Thermal power available

1079 m3/day 60°C 1MW
Table 5: Vaudoy thermal resource

A secondary school close by Jouy-le-Chatel will be built by 2022 on a 3.5-hectare area and will
have a 400 student capacity, with possible extension to reach a 600 student capacity. The
department Seine-et-Marne is interested to use Vermilion’s resource for heat and sanitary water
supplies as part of their low-carbon energy regional plans.

Vaudoy facilities
Water flow rate = 1079 m3/d
Temperature = 60°C

#! Thermal power =1 MW
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Figure 4: Position of the future Jouy-le-Chatel secondary school and Vermilion sites.
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