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(54) A METHOD OF INSTALLING AN UNDERWATER ENERGY RECOVERY SYSTEM IN A BODY 
OF WATER AND RELATED FLUID PRODUCTION INSTALLATION

(57) The method comprises lowering equipment (52)
of an organic Rankine cycle (50) of the underwater en-
ergy recovery system (20) in the body of water (12) and
thermally connecting at least a pipe of a fluid production
and/or injection piping to the evaporator (56) and advan-
tageously to the pre-heater (54) of the cycle (50).

Lowering the equipment (52) comprises lowering a
first support module (80) comprising a main frame (90)

and a first part of the equipment (52) of the organic Rank-
ine cycle (50) borne by the main frame (90) and lowering
at least a second equipment module (82) comprising at
least a second part of the equipment (52) of the organic
Rankine cycle (50), laying the second equipment module
(82) on the first support module (80) and connecting the
first part of the equipment (52) to the second part of the
equipment (52).
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Description

[0001] The present invention concerns a method of in-
stalling an underwater energy recovery system in thermal
connection with a fluid production and/or injection piping
laying on the bottom of a body of water, the underwater
energy recovery system comprising an organic Rankine
cycle having equipment comprising an evaporator to
evaporate the working fluid, and optionally a pre-heater
to heat the working fluid upstream of the evaporator, the
equipment further comprising a turbine coupled to a pow-
er generator connected to an electrical controller, to ex-
pand the working fluid after evaporation, a condenser to
condense the working fluid after expansion, a drum to
collect the condensed working fluid and a pump to com-
press the collected working fluid,
the method comprising lowering the equipment in the
body of water and thermally connecting at least a pipe
of the fluid production and/or injection piping to the evap-
orator and advantageously to the pre-heater.
[0002] Hydrocarbon production installations require
electrical power to be operated. For example, subsea
ground architectures use electrical power to operate var-
ious equipment such as pumps, gas injection devices,
valves, etc.
[0003] In traditional installations, part of the produced
fluid is used as fuel to generate electrical power which is
conveyed to the bottom of the body of water.
[0004] However, energy production based on hydro-
carbon combustion reduces the amount of hydrocarbons
which are available for the final client, and hence the
overall productivity and efficiency of the field. Moreover,
combustion of hydrocarbons in a generator produces
greenhouse gases, whose emissions have to be reduced
when possible.
[0005] Hydrocarbon production installation often pro-
duce fluids which have a temperature significantly above
the ambient temperature. The flow which is extracted
from the reservoir is quite warm, since the reservoir is
often located deep in the ground.
[0006] The hydrocarbon production flow therefore con-
veys a thermal energy, which is totally lost at the surface
of the well or downstream the well location.
[0007] Thermal energy can be recovered using an or-
ganic Rankine cycle (ORC) to convert this energy into
electricity through a turbine/alternator.
[0008] An organic Rankine cycle uses a heat source
that heats up and vaporizes in an evaporator an interme-
diate working fluid, used to drive a turbine. Downstream
the turbine, the working fluid at low pressure (superheat-
ed or in bi-phasic phase) is fully condensed by a cold
source prior being pressure boosted through a circulating
pump. This circulating pump then sends back the inter-
mediate fluid to the evaporator.
[0009] FR 2 738 872 discloses such an energy recov-
ery system located at the bottom of a body of water. The
energy recovery system uses, as a heat source, produc-
tion flow lines laying on the ground at the bottom of the

body of water.
[0010] A thermal cycle is carried out to recover heat
from the fluid flowing in the production lines, to partially
transform the heat into mechanical energy and/or elec-
trical energy.
[0011] Such a system partially recovers the hydrocar-
bon production flow thermal energy, but yet produces a
limited electrical power. Moreover, the system requires
very specific equipment to be placed around each pro-
duction line, which is not always available on existing
fields, or which significantly increases the cost of instal-
lation on the seafloor.
[0012] One aim of the invention is therefore to provide
an energy recovery system from hot fluids produced from
the ground in an offshore fluid production installation,
which supplies high electrical power, while being simple
to put in place.
[0013] To this aim, the subject matter of the invention
is an installation method of the above-mentioned type,
characterized in that lowering the equipment comprises
lowering a first support module comprising a main frame
and a first part of the equipment of the organic Rankine
cycle borne by the main frame and lowering at least a
second equipment module comprising at least a second
part of the equipment of the organic Rankine cycle, laying
the second equipment module on the first support module
and connecting the first part of the equipment to the sec-
ond part of the equipment.
[0014] The method according to the invention may
comprise one or more of the following feature(s), taken
alone, or according to any technical feasible combination:

- at least one of the first support module and of the
second equipment module weighs less than 200 T,
in particular each of the first support module and of
the second equipment module weighs less than 200
T;

- the at least one of the first support module and of
the second equipment module weighing less than
200 T is lowered with a Maneuver Support Vessel;

- the first support module comprises a first piping net-
work connected to the first part of the equipment,
connecting the first part of the equipment to the sec-
ond part of the equipment comprising connecting the
first piping network to a second piping network of the
at least one second module connected to the second
part of the equipment;

- the first part of the equipment comprised in the first
support module comprises the drum and/or the
pump;

- the second equipment module is an electrical mod-
ule comprising the turbine and the generator, the
method comprising electrically connecting the gen-
erator to at least a utility of the fluid production and/or
injection piping or/and to a surface electrical network;

- the second equipment module comprises a trans-
former connected to the generator via the controller,
and electrically connecting the generator comprises

1 2 



EP 4 435 239 A1

3

5

10

15

20

25

30

35

40

45

50

55

connecting the transformer to the or each utility of
the fluid production and/or injection piping or/and to
the surface electrical network;

- lowering the equipment comprises lowering a third
equipment module comprising at least a third part of
the equipment of the organic Rankine cycle, laying
the third equipment module on the first support mod-
ule and connecting the third part of the equipment
to the first part of the equipment and/or to the second
part of the equipment;

- the third equipment module is a exchanger module
comprising the evaporator and advantageously the
pre-heater;

- the first support module comprises the condenser;
- lowering the equipment comprises lowering a fourth

equipment module comprising the condenser, laying
the fourth equipment module on the first support
module and connecting the condenser to the first
part of the equipment and/or to the second part of
the equipment and/or to the third part of the equip-
ment;

- the fluid production and/or injection piping comprises
at least a wellhead and a fluid production flow line
located downstream of the wellhead, the method
comprises providing at least one bypass pipe of the
fluid production flow line and thermally connecting
the preheater and/or the evaporator to the at least
one bypass pipe;

- the fluid production and/or injection piping comprises
at least a wellhead and a fluid collection manifold
located downstream of the wellhead, the method
comprising providing a heat exchange loop thermally
connecting the manifold to the preheater and/or the
evaporator to transfer heat from the fluid contained
in the manifold to the preheater and/or the evapora-
tor;

- the turbine has a rotation axis, the condenser being
elongated along a longitudinal condenser axis, and,
after the second equipment module is laid on the first
support module, the condenser is adjacent to the
turbine, the condenser longitudinal axis extending
parallel or coaxial to the rotation axis;

- the method comprises disconnecting the first part of
the equipment from the second part of the equip-
ment, and lifting the second module apart from the
first module to carry out a maintenance or a replace-
ment of the second module.

[0015] The invention also concerns a fluid production
installation comprising:

- a fluid production and/or injection piping laying on
the bottom of a body of water,

- an underwater energy recovery system in thermal
connection with the fluid production and/or injection
piping,

the underwater energy recovery system comprising

an organic Rankine cycle having equipment com-
prising an evaporator to evaporate the working fluid,
and optionally a pre-heater to heat the working fluid
upstream of the evaporator, the equipment further
comprising a turbine coupled to a power generator
connected to an electrical controller, to expand the
working fluid after evaporation, a condenser to con-
dense the working fluid after expansion, a drum to
collect the condensed working fluid and a pump to
compress the collected working fluid,
at least a pipe of the fluid production and/or injection
piping being thermally connected to the evaporator
and advantageously to the pre-heater,
characterized in that the underwater energy recov-
ery system comprises a first support module com-
prising a main frame and a first part of the equipment
of the organic Rankine cycle borne by the main
frame, and at least a second equipment module com-
prising at least a second part of the equipment of the
organic Rankine cycle, the first part of the equipment
being connected to the second part of the equipment,
the at least one second equipment module and the
first support module being each movable as a single
unit independently from one another.

[0016] The invention will be better understood, based
on the following description, given solely as an example,
and made in reference to the amended drawings, in
which:

- [Fig.1] Figure 1 is a schematic view of a first hydro-
carbon production installation comprising an under-
water energy recovery system installed by the instal-
lation method according to the invention;

- [Fig.2] Figure 2 is a schematic view of the organic
Rankine cycle of the energy recovery system of fig-
ure 1;

- [Fig.3] Figure 3 is a perspective view of the modular
architecture of the underwater energy recovery sys-
tem of figure 1;

- [Fig.4] Figure 4 is a schematic view of the modular
underwater energy recovery system of figure 1, put
in place using a first installation method according
to the invention;

- [Fig.5] Figure 5 is a schematic view of the modular
underwater energy recovery system of figure 1, put
in place using a second installation method accord-
ing to the invention.

[0017] A first hydrocarbon production installation 10
having an underwater energy recovery system 20 put in
place by an installation method according to the invention
is shown in figure 1.
[0018] The hydrocarbon production installation 10 is
located offshore. It comprises a bottom assembly 11A
located at the bottom 16 of a body of water 12, a surface
assembly 11B located at the surface of the body of water
12 and a connection assembly 11C fluidly and electrically
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connecting the bottom assembly 11A to the surface as-
sembly 11B.
[0019] The hydrocarbon production installation 10
comprises at least a production well 14 connecting a
downhole reservoir (not shown) to the bottom 16 of the
body of water 12.
[0020] The bottom assembly 11A comprises a fluid
production and/or injection piping assembly 18 laying on
the bottom 16 of the body of water 12 and the underwater
energy recovery system 20, thermally connected to the
fluid production and/or injection piping assembly 18.
[0021] As shown in figure 2, the piping assembly 18
comprises in particular at least a wellhead 22 closing
each well 14, advantageously a high integrity pressure
production system 24 (or "HIPPS"), and flow lines 26 con-
necting each wellhead 26 to at least a fluid collection
manifold 28 connected to the connection assembly 11C.
[0022] The fluid production and/or injection piping as-
sembly 18 further comprises two tappings 30A, 30B con-
figured to connect to a flow line bypass 32 carried by the
energy recovery system 20, as will be explained below.
[0023] The connection assembly 11C comprises at
least a riser 34 connecting the or each manifold 28 to the
surface assembly 11B to transport fluid recovered from
the well 14 and at least an umbilical 36, to carry a potential
excess of electrical energy produced by the energy re-
covery system 20 to the surface assembly 11C.
[0024] The surface assembly 11B is for example a plat-
form, a barge, a vessel such as a FPSO (Floating Pro-
duction Storage and Offloading) or a FSRU (Floating
Storage and Regasification Unit) or to onshore facilities
(subsea to shore case).
[0025] The energy recovery system 20 is based on an
organic Rankine cycle 50 which thermally interacts with
the fluid production and/or injection piping 18 through the
bypass 32.
[0026] As shown schematically in figure 2, the cycle
50 comprises equipment 52 processing a working fluid
in the cycle 50. As depicted in figures and 3, the equip-
ment 52 here comprises a preheater 54, to preheat the
working fluid, an evaporator 56, to evaporate the working
fluid preheated in the preheater 54, a turbine 58 to expand
the evaporated working fluid, and a generator 60 coupled
to the turbine 58 along with a transformer 62 and a con-
troller 64.
[0027] The equipment 52 further comprises a con-
denser 66 to condense the working fluid after expansion,
a drum 68 to collect the condensed working fluid and a
pump 70 to increase the pressure of the collected working
fluid and to direct it towards the preheater 54.
[0028] The preheater 54, when present, is placed in a
heat relationship with the bypass 32, the bypass 32 re-
ceiving production fluid circulating from an upstream tap-
ping 30A to a downstream tapping 30B.
[0029] The evaporator 56 is configured to place in a
heat exchange relationship the production fluid circulat-
ing in the bypass 32 with the working fluid downstream
of the upstream tapping 30A and upstream of the pre-

heater 54.
[0030] In the example of figure 3, the preheater 54 and
the evaporator 56 both have an elongated tubular shape.
They are preferably placed on top of one another, parallel
to an elongation axis A-A’.
[0031] The turbine 58 is a gas expansion turbine hav-
ing a rotor rotating around a rotation axis B-B’. In the
example of figure 3, the rotation axis B-B’ is parallel to
the elongation axis A-A’.
[0032] The transformer 62 is electrically connected to
the generator 60 through the controller 64. In the example
of figure 3, the controller 64 and the generator 60 extend
perpendicularly to the rotation axis B-B’ of the turbine 58,
in alignment with the elongation axis A-A’ of the preheater
54 and of the evaporator 56.
[0033] The transformer 62 is equipped with two termi-
nals 72A, 72B configured to receive terminals of at least
an umbilical 36 to connect to the surface assembly 11B
and/or to utilities of the fluid production and/or injection
piping assembly 18, such as pumps, gas injection devic-
es, and/or valves.
[0034] The condenser 66 for example comprises a
bundle of tubes 74 held in a frame 76. It allows contactless
heat transfer between water from the body of water 12
circulating externally to the tubes 74, and working fluid
circulating within the tubes 74.
[0035] The condenser 66 extends along a condenser
axis C-C’ to which the tubes 74 are advantageously par-
allel. In this example, the condenser axis C-C’ is parallel
or coaxial with the rotation axis B-B’ of the turbine 58, in
an axial prolongation of the turbine 58. It is parallel and
adjacent to the elongation axis A-A’ of the preheater 54
and of the evaporator 56.
[0036] The drum 68 extends vertically in an axial pro-
longation of the condenser 66, opposed to the turbine 58.
[0037] The pump 70 is housed in the axial prolongation
of the elongation axis A-A’ of the evaporator 56, perpen-
dicularly to the drum 68.
[0038] According to the invention, the underwater en-
ergy recovery system 20 is constructed as a modular
structure.
[0039] In the particular example of figure 4, the energy
recovery system 20 comprises a first support module 80,
an electrical module 82, and an exchanger module 84,
the modules 80, 82 being borne by the first support mod-
ule 80.
[0040] Each module 80, 82, 84 comprises at least part
of the equipment 52 of the organic Rankine cycle 50.
Each module 80, 82, 84 is an independent structure mov-
able in one piece independently of the other modules. All
parts borne by each module 80, 82, 84 are jointly movable
with the module 80, 82, 84 independently of the other
modules.
[0041] In the example of figure 4, the support module
80 comprises a main frame 90, a main piping 92 and a
first part of the equipment 52. The first part of the equip-
ment here comprises the condenser 66, the drum 68,
and the pump 70.
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[0042] The main frame 90 for example comprises a
lower support having a lower surface laying on the bottom
16 of the body of water 12 and an upper surface onto
which the equipment 52 of the support module 80 is
mounted. It may comprise a protecting cover (not shown).
[0043] The upper surface of the main frame 90 lower
support also receives the electrical module 82 and the
exchanger module 84 which are laid onto it during the
installation of the energy recovery system 20 using the
method according to the invention.
[0044] The main piping 92 connects the first part of the
equipment 52 located on the support module 80 with oth-
er parts of the equipment 52 located on other modules
82, 84.
[0045] The electrical module 82 also comprises a
frame, holding a second part of the equipment 52 includ-
ing the turbine 58, the generator 60, the transformer 62
and the controller 64.
[0046] The frame of the electrical module 82 holding
the second part of the equipment 52 is movable inde-
pendently of the support module 80. The second part of
the equipment 52 is thus movable jointly with the frame
of the electrical module 82 to be put in place on the sup-
port module 80.
[0047] The exchanger module 84 also comprises a
frame 96 holding a third part of the equipment 52 includ-
ing the preheater 54 and the evaporator 56, advanta-
geously on top of one another. It further comprises piping
98 to connect to the other modules 80, 82.
[0048] The frame of the exchanger module 84 holding
the third part of the equipment 52 is movable independ-
ently of the support module 80 and of the electrical mod-
ule 82. The third part of the equipment 52 is thus movable
jointly with the frame of the exchanger module 84 82 to
be put in place on the support module 80.
[0049] In the example of figure 4, the support module
80, the electrical module 82 and the exchanger module
84 preferably each weigh less than 200 T.
[0050] As such, they can each be laid underwater with
a Maneuver or Multipurpose Support Vessel (MSV).
[0051] The maximum dimension of the support module
80 is advantageously less than 20 m, in particular com-
prised between 12 m and 18 m.
[0052] For example, the length of the support module
80 is comprised between 10 m and 20 m, the width of
the main module 80 is comprised between 5 m and 15
m, and the height of the support module 80 is comprised
between 1 m and 10 m.
[0053] The weight of the support module 80 is gener-
ally greater than 100 T, and is comprised for example
between 150 T and 170 T.
[0054] The maximum dimension of the electrical mod-
ule 82 is generally smaller than 10 m. For example, the
length of the electrical module 82 is comprised between
5 m and 10 m, the width of the electrical module 82 is
comprised between 0.5 m and 5 m, and the height of the
electrical module 82 is comprised between 1 m and 5 m.
[0055] The weight of the electrical module 82 is smaller

than 100 T, it is for example comprised between 10 T
and 50 T.
[0056] Similarly, the maximum dimension of the ex-
changer module 84 is generally smaller than 10 m. For
example, the length of the exchanger module 84 is com-
prised between 5 m and 10 m, the width of the exchanger
module 84 is comprised between 0.5 m and 5 m, and the
height of the exchanger module 84 is comprised between
1 m and 5 m.
[0057] The weight of the exchanger module 84 is small-
er than 100 T, it is for example comprised between 40 T
and 70 T.
[0058] An installation method of the underwater energy
recovery system 20 according to the invention will now
be described.
[0059] Initially, an installation vessel is loaded with the
support module 80 holding at least a first part of the equip-
ment 52. The vessel is for example a MSV. It comprises
a crane having a maximum capacity for example smaller
than 300 T.
[0060] The support module 80 is lowered in the body
of water 12 as a single unit carrying for example, the
condenser 66, the drum 68, and the pump 70. The lower
surface of the main frame 90 is laid on the bottom 16 of
the body of water 12 in the vicinity of a flow line 26.
[0061] Then, the electrical module 82 is loaded in the
laying vessel, in particular a MSV having a crane for ex-
ample with a capacity of less than 300 T.
[0062] The electrical module 82 carrying the turbine
58, the generator 60 and the transformer 62 is thereafter
lowered in the body of water 12 as a single unit. It is laid
on the main frame of the support module 90, adjacent to
the condenser 66, advantageously with the rotation axis
A-A’ of the turbine 68 parallel and/or coaxial with the con-
denser axis C-C’.
[0063] Similarly, the exchanger module 84 is loaded
on a laying vessel, in particular a MSV having a crane
for example with a capacity of less than 300 T.
[0064] The exchanger module 84 is then lowered as a
single unit in the body of water 12, including the frame
96 bearing the preheater 54, the evaporator 56 and pref-
erably the bypass 32.
[0065] The frame 96 of the exchanger module 84 is
laid on the support module 80, adjacent to the condenser
66 between the electrical module 82 on one side, the
pump 70 on the other side. The elongation axis A-A’ of
the preheater 54 and of the evaporator 56 is placed par-
allel to the rotation axis B-B’ and also to the condenser
axis C-C’ in alignment with the transformer 62 and the
pump 70.
[0066] The connectors 32A, 32B of the bypass are then
connected to the tappings 30A, 30B on the flowline 26
such that warm fluid recovered in the flowline 26 can flow
in the bypass 32 through the evaporator 56 and the pre-
heater 54. Piping present on each of the modules 80, 82
and 84 is connected to allow the working fluid to cycle
from the preheater 54, to the evaporator 56, the turbine
58, the condenser 66, the drum 68 and the pump 70.
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[0067] An umbilical 36 is connected to one of the ter-
minals 72A and to utilities in the fluid production and/or
piping assembly 18 to power the fluid production and/or
injection piping assembly.
[0068] Advantageously, another umbilical 36 is con-
nected to another terminal 72B to the surface assembly
11B, to power utilities on the surface assembly 11B or
onshore.
[0069] In operation, fluid from the flowline 26 flows
through the bypass 32 at an inlet temperature generally
greater than 100°C and preferably comprised between
120°C and 150°C.
[0070] It exchanges heat with the working fluid in the
preheater 54, to heat the working fluid at a temperature
generally greater than 80°C and to evaporate the working
fluid in the evaporator 56.
[0071] Preferably, 100% of the working fluid evapo-
rates in the evaporator 56.
[0072] The working fluid in gas phase is then intro-
duced in the turbine 58 at a pressure advantageously
greater than 5 bar and comprised generally between 10
bar and 15 bar to be expanded to a pressure advanta-
geously smaller than 5 bar and generally comprised be-
tween 1.5 bar and 3.5 bar.
[0073] The expansion of the working fluid rotates the
rotor of the turbine 58 about the rotation axis A-A’ to gen-
erate electrical power in the generator 60.
[0074] The electrical power is transmitted to the trans-
former 62 to increase its tension in particular to transport
it to the surface assembly 11B.
[0075] Preferably, the whole electrical power of the util-
ities present in the fluid production and/or injection piping
assembly 18 is provided by the generator 60, and if an
excess power remains, it is transmitted to the surface
assembly 11B via an umbilical 36.
[0076] The expanded gaseous working fluid is then
passed through the condenser 66, where it heats ex-
changes with water from the body of water 12 to con-
dense the working fluid. The condensed working fluid is
recovered in the drum 68, before being pumped by the
pump to increase its pressure to a pressure advanta-
geously greater than 5 bars. It is then directed to the
preheater 54.
[0077] Thanks to the modular construction of the un-
derwater energy recovery system 20, the dimensions of
the equipment 52 contained in the organic Rankine cycle
can be greatly increased, which allows a significant pow-
er recovery, for example greater than 500 kW up to sev-
eral MW. The underwater energy recovery system 20
remains nevertheless very compact, in particular due to
the specific alignment of the rotation axis B-B’ of the tur-
bine 58, of the elongation axis A-A’ of the evaporator 56/
preheater 54, and of the condenser axis C-C’.
[0078] The modular structure also allows an easy re-
placement or maintenance of one of the modules 80, 82,
84, without having to completely raise the underwater
energy recovery system 20. The system 20 is thus very
efficient in heat recovery and transformation, yet very

easy to install and maintain with laying vessels of smaller
capacities and greater availability.
[0079] An alternate modular underwater energy recov-
ery system 20 is shown in figure 5. The recovery system
of figure 5 differs from the system of figure 4 in that the
condenser 66 is not held by the support module 80. The
condenser 66 is here borne by an additional condenser
module 100. The condenser module 100 is thus movable
as one single unit, independently of the other modules
80, 82, 84.
[0080] The installation of the energy recovery system
20 shown in figure 5 only differs from the installation of
the energy recovery system 20 shown in figure 4 in that
the condenser module 100 is put in place independently
of the other modules 80, 82, 84. It is laid in one piece on
the support module 80, preferably with the condenser
axis C-C’ parallel to the rotation axis B-B’ in an axial pro-
longation of the turbine 58.
[0081] Such a configuration allows the energy recov-
ery system 20 to produce a greater electrical power, for
example greater than 100 kW, in particular comprised
between 500 kW and 10MW.
[0082] The weight of the support module 80 can then
be more than 200 T, such as between 250 T and 1500
T. As such, a heavy lift vessel (HLV) has to be used to
lay the support module 80. The remaining modules 82,
84, 100 can still be laid with a MSV as described above.
[0083] In a particular example, the maximal dimension
of the main module 80 can be greater than 15 m, and
comprised between 18 m and 30 m.
[0084] For example, the main module 80 may have a
length comprised between 18 m and 30 m, a width com-
prised between 5 m and 20 m, and a height comprised
between 5 m and 15 m.
[0085] The electrical module 82 may have a maximum
dimension comprised between 5 m and 10 m. It may have
a length comprised between 5 m and 10 m, a width com-
prised between 2 m and 8 m, and a height comprised
between 1 m and 5 m.
[0086] The exchanger module 84 may have a maxi-
mum dimension comprised between 5 m and 15 m. It
may have a length comprised between 5 m and 15 m, a
width comprised between 0.5 m and 5 m, and a height
comprised between 2 m and 5 m.
[0087] The condenser module 100 may have a maxi-
mum dimension comprised between 10 m and 20 m. It
may comprise a length comprised between 10 m and 20
m, a width comprised between 2 m and 10 m, and a
height comprised between 2 m and 8 m.
[0088] Advantageously, a heat exchange loop
102comprising a heat exchange fluid thermally connects
the manifold 28 to the preheater 54 and/or the evaporator
56 to transfer heat from the fluid contained in the manifold
28 to the preheater 54 and/or the evaporator 56.
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Claims

1. A method of installing an underwater energy recov-
ery system (20) in thermal connection with a fluid
production and/or injection piping (18) laying on the
bottom (16) of a body of water (12),

the underwater energy recovery system (20)
comprising an organic Rankine cycle (50) hav-
ing equipment (52) comprising an evaporator
(56) to evaporate the working fluid, and option-
ally a pre-heater (54) to heat the working fluid
upstream of the evaporator (56), the equipment
further comprising a turbine (58) coupled to a
power generator (60) connected to an electrical
controller (64), to expand the working fluid after
evaporation, a condenser (66) to condense the
working fluid after expansion, a drum (68) to col-
lect the condensed working fluid and a pump
(70) to compress the collected working fluid,
the method comprising lowering the equipment
(52) in the body of water (12) and thermally con-
necting at least a pipe of the fluid production
and/or injection piping (18) to the evaporator
(56) and advantageously to the pre-heater (54),
characterized in that lowering the equipment
(52) comprises lowering a first support module
(80) comprising a main frame (90) and a first
part of the equipment (52) of the organic Rank-
ine cycle (50) borne by the main frame (90) and
lowering at least a second equipment module
(82) comprising at least a second part of the
equipment (52) of the organic Rankine cycle
(50), laying the second equipment module (82)
on the first support module (80) and connecting
the first part of the equipment (52) to the second
part of the equipment (52).

2. The method according to claim 1, wherein at least
one of the first support module (80) and of the second
equipment module (82) weighs less than 200 T, in
particular each of the first support module (80) and
of the second equipment module (82) weighs less
than 200 T.

3. The method according to claim 2, wherein the at least
one of the first support module (80) and of the second
equipment module (82) weighing less than 200 T is
lowered with a Maneuver Support Vessel.

4. The method according to any one of the preceding
claims, wherein the first support module (80) com-
prises a first piping network (92) connected to the
first part of the equipment (52), connecting the first
part of the equipment (52) to the second part of the
equipment (52) comprising connecting the first pip-
ing network (92) to a second piping network of the
at least one second module (82) connected to the

second part of the equipment (52).

5. The method according to any one of the preceding
claims, wherein the first part of the equipment (52)
comprised in the first support module (80) comprises
the drum (68) and/or the pump (70).

6. The method according to any one of the preceding
claims, wherein the second equipment module (82)
is an electrical module comprising the turbine (58)
and the generator (60), the method comprising elec-
trically connecting the generator (60) to at least a
utility of the fluid production and/or injection piping
(18) or/and to a surface electrical network.

7. The method according to claim 6, wherein the sec-
ond equipment module (82) comprises a transformer
(62) connected to the generator (60) via the control-
ler (64), and wherein electrically connecting the gen-
erator (60) comprises connecting the transformer
(62) to the or each utility of the fluid production and/or
injection piping (18) or/and to the surface electrical
network.

8. The method according to any one of the preceding
claims, wherein lowering the equipment (52) com-
prises lowering a third equipment module (84) com-
prising at least a third part of the equipment (52) of
the organic Rankine cycle, laying the third equipment
module (84) on the first support module (80) and
connecting the third part of the equipment (52) to the
first part of the equipment and/or to the second part
of the equipment (52).

9. The method according to claim 8, wherein the third
equipment module (84) is a exchanger module com-
prising the evaporator (56) and advantageously the
pre-heater (54).

10. The method according to any one of claims 8 to 9,
wherein the first support module (80) comprises the
condenser (66).

11. The method according to any one of claims 8 to 9,
wherein lowering the equipment (52) comprises low-
ering a fourth equipment module (100) comprising
the condenser (66), laying the fourth equipment
module (100) on the first support module (80) and
connecting the condenser (66) to the first part of the
equipment (52) and/or to the second part of the
equipment (52) and/or to the third part of the equip-
ment (52).

12. The method according to any one of the preceding
claims, wherein the fluid production and/or injection
piping (18) comprises at least a wellhead (22) and a
fluid production flow line (26) located downstream of
the wellhead (22), the method comprises providing
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at least one bypass pipe (32) of the fluid production
flow line (36) and thermally connecting the preheater
(54) and/or the evaporator (56) to the at least one
bypass pipe (32).

13. The method according to any one of the preceding
claims, wherein the fluid production and/or injection
piping (18) comprises at least a wellhead (22) and a
fluid collection manifold (28) located downstream of
the wellhead (22), the method comprising providing
a heat exchange loop (102) thermally connecting the
manifold (28) to the preheater (54) and/or the evap-
orator (56) to transfer heat from the fluid contained
in the manifold (28) to the preheater (54) and/or the
evaporator (56).

14. The method according to any one of the preceding
claims, wherein the turbine (58) has a rotation axis
(A-A’), the condenser (66) being elongated along a
longitudinal condenser axis (C-C’), and wherein, af-
ter the second equipment module (82) is laid on the
first support module (80), the condenser (66) is ad-
jacent to the turbine (58), the condenser longitudinal
axis (C-C’) extending parallel or coaxial to the rota-
tion axis (A-A’).

15. A fluid production installation (10) comprising:

- a fluid production and/or injection piping (18)
laying on the bottom (16) of a body of water (12),
- an underwater energy recovery system (20) in
thermal connection with the fluid production
and/or injection piping (18),
the underwater energy recovery system (20)
comprising an organic Rankine cycle (50) hav-
ing equipment (52) comprising an evaporator
(56) to evaporate the working fluid, and option-
ally a pre-heater (54) to heat the working fluid
upstream of the evaporator (56), the equipment
further comprising a turbine (58) coupled to a
power generator (60) connected to an electrical
controller (64), to expand the working fluid after
evaporation, a condenser (66) to condense the
working fluid after expansion, a drum (68) to col-
lect the condensed working fluid and a pump
(70) to compress the collected working fluid,
at least a pipe of the fluid production and/or in-
jection piping (18) being thermally connected to
the evaporator (56) and advantageously to the
pre-heater (54),
characterized in that the underwater energy
recovery system (20) comprises a first support
module (80) comprising a main frame (90) and
a first part of the equipment (52) of the organic
Rankine cycle (50) borne by the main frame (90),
and at least a second equipment module (82)
comprising at least a second part of the equip-
ment (52) of the organic Rankine cycle (50), the

first part of the equipment (52) being connected
to the second part of the equipment (52),
the at least one second equipment module (82)
and the first support module (80) being each
movable as a single unit independently from one
another.
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