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(57) Abstract: The present invention relates to the field of power generation in the residential, commercial, industrial and public ad -
ministration spheres both for conventional and stand-alone buildings and specifically relates to an island energy system for the pro -
duction of electric and thermal energy comprising an SOFC CHP generator which simultaneously produces both heat energy, direc-
ted to a latent heat storage comprising a heat exchanger with phase change materials and a sensible heat storage, and electricity dir-
ectly to an electric storage, a management system and control logic, lithium batteries, a main heat pump, an auxiliary heat pump or
an electrolyser in the case of emergency and to the electrical loads of the building.



10

15

20

25

WO 2017/129376 PCT/EP2017/025013

Island system for the production of electric and thermal energy.

Description

Field of the invention

The present invention relates to the field of power generation in the
residential, commercial, industrial and public administration spheres both for
conventional and stand-alone buildings and specifically relates to an island
energy system for the production of electric and thermal energy comprising
an SOFC CHP generator which simultaneously produces both heat energy,
directed to a latent heat storage comprising a heat exchanger with phase
change materials and a sensible heat storage, and electricity directly to an
electric storage, a management system and control logic, lithium batteries, a
main heat pump, an auxiliary heat pump or an electrolyser in the case of
emergency and to the electrical loads of the building.

Background of the invention

Systems are known in the prior art relating to the production of energy at a
domestic level where an SOFC cogenerator is integrated for household use,
which has a thermal storage of water and is connected to the public power
grid.

For these systems connection to the public power grid is mandatory since the
SOFC cannot be switched on and off instantaneously, so the amount of
energy produced and not self-consumed is fed into the public network without
any economic advantage.

Additionally, it is known that on the one hand a household CHP generator
produces electricity and heat at the same time, while on the other a demand
exists characterised by instantaneous variations and otherwise, both as regards
the thermal and electrical load. Despite a CHP generator being able to

instantaneously modulate its electricity production according to the load
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required, it is impossible for it to also provide the heat required in that precise
moment given the close correlation between the power and heat production of
the CHP generator, all the more because instant thermal and electrical spikes
are very often independent of one another.

Additionally it is known that daily heat consumption for heating and domestic
hot water production varies continuously depending on the external
conditions, the end-terminals for heating, the building concerned, the time of
year and on the presence or absence of people in the building, which is the
most unpredictable unknown.

It is therefore clear that no single configuration of the system can adapt to all
the needs and characteristics of the end users.

It follows from the above that in the state of the art a system is not known of
equipped simultaneously with a CHP generator with fuel cell technology, a
thermal storage and electric storage able to meet the energy needs of the end
utility.

Disclosure of the invention

The purpose of the present invention is to provide the user with the portion of
missing energy when the generator fails to adapt instantly to a very high
electrical load.

Another purpose of the present invention is to meet the instantaneous
electricity demand of a load in the case in which consumption is greater than
the electrical power produced.

Another purpose of the present invention is to ensure a cost saving for the
household energy bill resulting from savings in primary energy use for the
electrical and thermal requirements of the building.

Another purpose of the present invention is to reduce greenhouse gas
emissions and eliminate NOx, SOx emissions, smog particulate and all the
residues resulting from the combustion of a gas.

Another purpose of the present invention is to ensure energy supplies for

heating and domestic hot water to buildings in stand-alone mode.
2
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A further, no less important, purpose of the present invention is to adjust the

energy flows produced according to demand.
Further characteristics and advantages will be more clearly comprehensible
from the description of a preferred but non-limiting embodiment of the island
5 system for the production of electric and thermal energy of the present patent
application, illustrated by way of a non-limiting example in the appended
drawing wherein:
— Fig. 1 shows a block diagram of the island system for the production of
electric and thermal energy, the main components of which are listed below
10 while the others are described in the main text of the detailed description:

an SOFC CHP generator (1);

- a latent heat storage comprising a heat exchanger (2) with phase
change materials;
- asensible heat storage (3);
15 - an electric storage (4);
- a management system and control logic (5);
- lithium batteries (6);
- an emergency system (7);
- amain heat pump (8);
20 - an auxiliary heat pump (9a) or an electrolyser (9b);
- electrical loads (10) of the building;
- an auxiliary burner (11);
- heat loads (12);
- an auxiliary tank (93) for refrigerated water.
25 Detailed description of the invention:
According to a preferred but non-limiting embodiment, the present invention
relates to an island system for the production of electric and thermal energy
comprising an SOFC (1) CHP generator which simultaneously produces both

heat energy, directed at a latent heat storage comprising a heat exchanger (2)
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with phase change materials and a sensible heat storage (3), and electricity
directly to the electric storage (4), a management system and control logic (5),
lithtum batteries (6), a main heat pump (8), an auxiliary heat pump (9a) or an
electrolyser (9b) in case of emergency and to the electrical loads (10) of the
building.

In order to self-consume and/or store all the portion of electricity and thermal
energy generated by the SOFC (1), the system is equipped with a
management system and control logic (5) able to manage and optimise the
electric or thermal requirements, the production and the energy flows in play.
It must also be able to anticipate the hourly consumption of heat and
electricity as much as possible and adapt the operation of the system to all the
external and internal variables characterising each individual building
throughout the year.

The thermal energy directed to the sensible heat storage (3) is produced by the
auxiliary burner (11).

The system which the present patent application relates to, is provided with an
emergency system (7) which supplies the electrical load (10) in case of
standard maintenance or possible malfunction of the SOFC (1).

The sensible heat storage (3) has the purpose of separating the supply and
demand for heat and the electric storage (4) is designed to stabilise stand-
alone operation. Another substantial feature of the electric storage (4) is to be
able to work in parallel with the CHP generator (1) and thus meet the
instantaneous electricity demand of the electrical load (10) in the case of
consumption being higher than the electric power produced.

From this it follows that even in the case of the CHP generator (1) being
unable to adapt instantly to a very high electrical load (10), the electric
storage (4) will provide the missing part of energy and when this load is
finished then the CHP generator (1) will recharge the amount of electricity
taken from the storage. (4).
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However, given that the production of electricity and heat by the CHP
generator (1) are related to each other, it will not be possible to follow the
instantaneous electrical load (10) without producing heat energy. Storage (4)
thus becomes essential since the thermal loads (12) may not be proportional to
electrical loads (10) throughout the year. This is accentuated by the fact that
the heat demanded during the heating season is much higher than that
demanded for the production of domestic hot water which is more or less
constant throughout the year. For a correct sizing of the power plant, electric
storage (4) and sensible heat storage (3), attention must be paid to both these
daily loads as the time of year varies.

In the case of buildings in standalone mode, the electrical and thermal power
of most CHP generators on the market is too powerful for the respective loads
demanded by small-medium sized buildings, but is well suited to large
buildings or building complexes since they work on a "baseload" or base
minimum load of the consumption of buildings covering up to a maximum of
20% of electricity requirements. However, it could be worthwhile to adopt a
CHP generator that has both these two powers with the same order of
magnitude as those demanded by small-medium sized buildings, since it
would then be sufficient to merely increase the number of these smaller CHP
generators to supply more energy-consuming buildings.

In general the CHP generator (1) is sized based on the minimum thermal
power demand during the year, i.e. the summer case if one does not wish to
disperse heat at this time of year and thereby lower the overall efficiency and
lengthen the economic payback time of the system. This is partly possible in
the case of stand-alone buildings since while on the one hand it is essential
not to produce more heat than is necessary on a daily basis, on the other it
may be necessary to dispel a part so as to supply the electrical load
demanded by the building. This could occur if the building has much lower
loads than usual and has the sensible heat stores (3) already heavily loaded. A

shutdown of the CHP generator (1) could be useful in the case in which the
5
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electric storage (4) is able to supply power for several days, but in other cases
(with the thermal storage always heavily loaded) it becomes mandatory to
disperse part of this thermal energy outwards. One might think of providing
the system according to this patent application with an electrolyser (9b) that
converts the extra electricity produced during these critical moments into
hydrogen. Otherwise one might think of having an auxiliary heat pump (9a)
which produces cold water to put in a tank (93) to be used for any refrigerant
loads or to cool the CHP generator (1).

SOFC (1)

Given its considerable electrical efficiency, the system covered by this patent
application consists of a CHP generator (1) of the solid oxide fuel cell, SOFC,
type which due to the presence of solid oxide membranes produces electricity
and heat without the combustion of fuel. It is therefore an electrochemical
device that needs hydrogen to work but which can potentially use any
hydrocarbon containing hydrogen.

This type of fuel cell, thanks to the reactions occurring at high temperature
(above 600° C), via an internal reforming, breaks down the hydrocarbon in
input into hydrogen and carbon dioxide which is dissociated into hydrogen
ions and electrons by the solid oxide membrane; this type produces electricity
as well as heat by means of an overall exothermic reaction.

All the reactions require: fuel, water vapour, oxygen and thermal energy,
while they provide water, carbon dioxide, heat and electricity. And more heat
is generated than that required to supply itself. This heat must be removed as
soon as possible to avoid overheating and decreases in the overall efficiency
of the electrochemical device.

CHP generation efficiency may exceed 90%. Electrical efficiency generally
remains at around 50%, while the remaining percentage is thermal efficiency.
The SOFC (1) has such high electrical efficiency despite the low electric
power that can be generated since it works at high temperatures and provides

for only chemical reactions and no combustion.
6
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With this information to hand, it is easy to see why at least one main heat
pump (8) 1s needed. This is due to the fact that the heat energy annually
produced is much less than the electric energy. As a result of this, one would
have much more electrical power than that required during the year and little
thermal energy produced, if one had only the CHP generator (1). The heat
pump (8) in addition to making the stand-alone system more stable, makes it
possible to convert with great efficiency part of the surplus of electricity
produced, into heat energy.

Since the SOFC (1) must generate a quantity of electricity and thermal energy
at least equal to the daily amount, storage systems are needed to meet the
peaks in energy demand. As regards its operation, the SOFC (1) will tend to
follow the electrical load (10), to depart from it in case of low-charged
batteries (6) or withdrawals from the main heat pump (8). It is preferable that
the heat generated during operation does not exceed that required during the
day. This is to prevent the sensible heat storage (3) and the latent heat storage,
both consisting of tanks, from overloading and requiring the system to
dissipate the excess heat produced. The management system and control logic
(5) is intended to prevent this as far as possible.

Said management system and control logic (5) is connected to the CHP
generator (1), the electric storage (4) and the electrical loads (10) of the
utilities to receive electricity produced by the CHP generator (1) and use said
power to charge the electric storage (4) and/or electrical loads (10) of the
utilities. Said management system and control logic (5) is further connected to
the three-way diverter valve (21) of the hydraulic circuit, to the heat pump (8)
to control the flow of heat energy towards said sensible heat storage (3).
However throughout the year the thermal energy demand for heating and
domestic hot water production varies greatly, making the main heat pump (8)
work in parallel with the SOFC (1) during the cold months or just the SOFC
(1) with partial loads in summer. The CHP generator (1) can adjust its electric

power up to 30% and heat power up to about 50%. So, besides having a daily
7
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heat load (12) to produce, the SOFC (1) must also take into account the
portion of electricity continuously absorbed by the main heat pump (8) during
the cold months. The management system and control logic (5) housed in the
electric storage (4) makes it possible to find this ideal operation point. In the
event that the end terminals of the building are capable of providing
refrigerant energy, a reversible heat pump capable of producing even
temperate cold water could be fitted as the main heat pump (8).

Instead, the auxiliary heat pump (9a) or the electrolyser (9b) are designed to
protect the operation of the SOFC (1) during malfunctions or critical moments
of the year.

For example, in the case of the electrical load (10) demand being lower than
that produced by the CHP generator (1) it may be necessary to isolate the
SOFC (1) from the electric storage (4). The CHP generator (1) will then
decrease the electric power supplied to satisfy only the electrical load (10)
demand of the auxiliary heat pump (9a) or the electrolyser (9b). This is
because even in the case of critical moments of low energy requirements the
CHP generator (1) must not be turned off but must continue to supply
electricity and heat.

Conversely, in the case of the electrical load (10) demand being too low, the
management system and the control logic (5) makes a calculation to see the
actual thermal energy demand of the building. In the event of there being a
demand for heat energy, the management system and control logic (5) makes
the main heat pump (8) work. Failure to do so causes the auxiliary heat pump
(9a) or the electrolyser (9b) to switch on, producing cold water or hydrogen,
respectively. From this the importance of the presence of at least one of these
two devices can be seen, to be chosen according to climatic characteristics,
the building and type of utility.

The SOFC (1) provides a gas side connection (101) and a flue (102). The
hydraulic systems provided are a water supply side (103), a water return side

(104) and a drain (105). Lastly there are two last outputs: an electric
8
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connection (106) and the last connection (107) to the management system and
control logic (5).

The SOFC (1) according to this patent application is a solid oxide fuel cell
CHP generator which uses LPG and oxygen from the air as incoming fuel but
in alternative embodiments, it could be powered by natural mains gas at
normal operating pressure or hydrogen. Instead, the water to be heated is
made to circulate in a closed hydraulic circuit in communication with said
CHP generator (1), with the latent heat storage comprising a heat exchanger
with PCMs (2) and/or with the sensible heat storage (3) via a three-way
diverter valve (21) managed by the management system and control logic (5).
The diverter valve (21) is responsible for making the correct rate of hot water
flow according to the needs of the building. For example, during the summer
the possibility of not making water circulate in the heat exchanger (2) may be
provided for if the demand for domestic hot water is too low for the potential
of the PCMs and to increase their useful life.

The electrical connection (106) of the SOFC (1) reaches one of two
interlocked relays (41). If this is on, the transit of current is blocked and the
only electrical load (10) that the SOFC (1) can supply is the auxiliary heat
pump (9a) or the electrolyser (9b). Instead, if the interlocked relay (41) is off,
the electricity produced reaches as far as the electric storage (4) to then flow
to or from electrical loads (10), or to the main heat pump (8) or lastly to the
lithium batteries (6).

For the SOFC (1) a connection to the drain (105) for the collection of
condensed water and remote monitoring is provided for, GPRS coverage
2G/3G is therefore recommended.

In compliance with technical regulations, the installation room must be
provided with appropriate safety equipment, such as gas detector, safety NC
solenoid valve located on the fuel supply line and accessible shut-off valve

with manual override installed upstream of the system.
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Said CHP generator (1) has on and off times to the order of 6-8 hours each
and it is not advisable to have more than ten of these on-off cycles per year.
For the patent application in question, which has as its scope of application
both traditional and new buildings of all types, such as residential,
commercial, industrial and government buildings, these aspects are beneficial
and necessary for the continuous operation of the energy system for the
supply of electrical (10) and heat loads (12) required moment by moment,
day by day.

Even if the CHP generator (1) were able to work continuously throughout the
year, routine maintenance should always be scheduled. In this case, the
electrical load (10) must necessarily be provided by an emergency system (7)
capable of delivering the electricity needed, isolating the SOFC (1) from the
utility system. Said emergency system (7), subject to availability, may
connect directly to the national grid, or be a generator.

Two interlocked relays (41) are provided which isolate the SOFC (1) when
the electrical load (10) is connected to the emergency system (7) or isolate
the latter when the SOFC (1) is connected to the internal network of the
building. The building may have to be connected to the emergency system (7)
in the event of malfunction of a component other than the CHP generator (1),
in these cases the emergency system (7) would supply the electrical load
(10) while the SOFC (1) would continue to produce both thermal energy and
refrigerant energy or hydrogen respectively by means of an auxiliary heat
pump (9a) or an electrolyser (9b).

To avoid having an overly cumbersome sensible heat storage (3), the system
is fitted with a main heat pump (8) in parallel with the CHP generator (1)
which works above all during the heating season and which as well as making
the stand-alone system more stable, makes it possible to convert with great
efficiency part of the surplus electricity produced into heat energy. This
would allow a medium-small sensible heat storage (3) but able to handle

larger fluctuations such as prolonged decreases in electrical or thermal loads.
10
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This electricity-heat energy binomial allows greater flexibility in the system
and thus significant energy security of the building. However, during the year
serious problems can arise especially if the building is situated in a very
severe climate. This is because the case could arise in which the electrical
load (10) demand of the building added to that needed for the main heat pump
(8) for the production of thermal energy is greater than the electrical output of
the CHP generator (1) for too long a period of time. Therefore in these cases,
the system is equipped with an auxiliary burner (11) for the coldest peaks of
the year and to reduce the power consumption of the heat pump (8).

HEAT PUMP (8)

The main heat pump (8) will depend on the type of end terminals present in
the building. In the case of radiators in fact, heat pumps (8) at medium
temperature will be provided, in the case of convector fans and radiant panels,
heat pumps (8) at low temperature. The latter case may result in the presence
of a reversible main heat pump (8) i.e. able to generate heat or refrigerant
energy depending on the season.

Since the performance of air-water heat pumps falls as the outside
temperature decreases, preheating systems of the air entering the heat pump
(8) may be provided and/or it may be made to work in the hottest moments of
the day and store the heat produced in the sensible heat storage (3).

As explained earlier, the heat pump (8) makes it possible to transform the
extra electricity produced by the SOFC (1) and not self-consumed by
electrical loads (10) into heat energy. And being in a stand-alone
configuration, the main heat pump (8) would provide more stability and
significant versatility by being able to convert electrical energy into thermal
energy with excellent efficiency coefficients. This feature also allows savings
in fuel for the same thermal energy dispensed. If there were only the SOFC
(1), the production of electricity would be vastly greater than that consumed

with a large input of electricity into the network and thus an increase in fuel

11
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consumption. This case is therefore not possible because it would disperse the
excess heat produced or the surplus electricity into the atmosphere .

The main heat pump (8) in addition to the external supply and return
connection with the air or earth, is connected to the sensible heat storage (3)
through a supply and return hydraulic circuit (82, 81). In addition there is an
electrical connection (83) to meet the power consumption and a connection
(84) for the management system and control logic (5) which manages the
switching on and off of the main heat pump (8) as internal and external
conditions change.

The management system and control logic (5) will take into consideration the
type of heat pump installed, the end terminals present in the building as well
as all the external and internal conditions.

HEAT EXCHANGER (2) WITH PHASE CHANGE MATERIALS (PCM).

The latent heat storage comprises a heat exchanger (2) with phase change
materials such as organic materials but there is nothing to prevent the use of
other types of phase change materials in alternative embodiments. The heat
exchanger (2) is hydraulically connected to the CHP generator (1) to
accumulate the heat energy produced by it. To increase the stored energy-
occupied volume ratio as much as possible, the storage system is equipped
with a heat exchanger (2) containing phase change materials (PCMs). PCMs
are able to amass a significant amount of thermal energy, with a high
energy/volume ratio during their phase change although they have a
characteristic time of charging and discharging which is not comparable to
other fluids such as water. This is due to their very low thermal conductivity,
which considerably extends the characteristic storage times.

This defect may however be solved by resorting to the presence of both
traditional heat storage, such as conventional water tanks, and a heat
exchanger (2) which reduces the characteristic charging and discharging time

of these PCMs.

12
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The main feature of the use of PCMs in this system is that they work in
parallel with other heat generators, i.e. the SOFC (1) and/or the main heat
pump (8). Thus the sum of the three heat outputs generated-in the case of the
main heat pump (8) also being on-will amount to the demand, with a
consequent saving in power consumption of the main heat pump (8) which
will need to supply less power than that without the PCMs.

By making water to be cooled or to be heated flow in the heat exchanger (2)
with  PCMs and having respectively reached the melting or freezing
temperature of said phase change materials, there is an increase or decrease of
the thermal energy accumulated in said PCMs despite the temperature in the
PCMs remaining constant (some PCMs have a range of melting and freezing
temperatures and not a unique value). When the phase change material has
become completely molten or solid, then the temperature of these materials
will once again increase or decrease.

The melting or freezing temperature is a key feature which influences the
choice of the phase change material. Other important variables are for
example the high latent melting heat per unit of volume, chemical stability
and low costs or widespread availability on the market. However, a
predominant role is played by the ability of the heat exchanger (2) to
exchange thermal energy with the heat transfer fluid such as water. In fact
almost all the PCMs have low thermal conductivity which must be increased
through the use of finned tubes, metallic matrices or grids, cascade
exchangers or metal foams.

In addition to this, the PCMs degrade as the number of thermal charge and
discharge cycles increases. This has increasingly less influence as the
chemical stability of these phase change materials increases. At the end of
their useful life in fact, the PCMs will be replaced either because of the
excessive chemical instability which they have reached, or because their
melting (or freezing) heat has become extremely reduced. Given the cost and

the deterioration of some of these PCMs for a large number of charging/
13
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discharging cycles it may be advantageous, depending on the needs of the
building, to suspend operation of the PCMs in summer. Thus in summer, the
SOFC (1) goes to directly heat the sensible heat storage (3) thanks to the
three-way diverter valve (21) which is instead totally closed towards the heat
exchanger (2) with PCMs.

The heat exchanger (2) with PCMs is composed of three sectors sealed from
each other. In the lowest, water (22) coming from the three-way diverter valve
(21) or water (23) directed to the second three-way diverter valve (21) enters
and exits respectively. In the central sector the PCMs warming or transferring
heat to finned heat pipes which are the preferential route of this heat
exchange, are housed. The highest sector has an inlet (25) and an outlet (24).
The first comes from the sensible heat storage (3) and the second flows
towards it.

Sensors (13) may be provided which monitor the temperature and estimate the
amount of heat energy stored in the PCMs, for this reason a connection to the
management system and control logic (5) is present which is provided with an
adaptive algorithm that checks the external environmental conditions to
forecast the daily heat load of the building.

SENSIBLE HEAT STORAGE (3)

The sensible heat storage (3) aims to satisfy the thermal load (12) demand of

the building, divided into the load for domestic hot water DHW and the load
for heating. The management and optimisation of all these energy flows is
performed by a software (50) implemented in the management system and
control logic (5) installed in the electric storage (4) partly thanks to the
presence of sensors (13) both in the other components of the system and in the
environments to be conditioned.

The sensible heat storage (3) is hydraulically connected to the CHP generator
(1) and to the latent heat storage to store thermal energy from the CHP
generator (1) or from the latent heat storage. The sensible heat storage (3) is

nothing more than a hot water tank.
14
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The number and size of the sensible heat storage units (3) will be determined
according to the type of end-terminals in the building such as radiators,
convector fans, radiant panels or otherwise. Each type has its own maximum
and minimum operating temperature which must be taken into account in the
sizing of the sensitive heat storage (3).

The circuit used for heating is a closed circuit. In other words, no heat
exchange coils are provided in the sensible heat storage (3) except for the coil
(30) used for domestic hot water DHW.

All the other circuits i.e. those coming from or going to the heat exchanger (2)
with the PCMs, to the three-way diverter valve (21), to the main heat pump
(8) and to the heating system, have the same heat transfer fluid which will
thus not need to be continuously filtered as instead is necessary for the water
network. This installation choice would take advantage of the ability of water
to stratify the heat.

The sensible heat storage (3) is thus provided with:

- a heat exchange coil (30) used for the domestic hot water;

- an inlet (33) coming from the three-way diverter valve (21) coming in turn
from the SOFC (1);

-an outlet (37) directed to the three-way diverter valve (21) directed in turn
from the SOFC (1);

-an inlet (34) coming from the heat exchanger with PCMs (2);

-an outlet (35) directed to the heat exchanger with PCMs(2);

- an inlet (32) coming from the auxiliary burner (11);

- an outlet (36) directed to the auxiliary burner (11);

-an inlet (39) coming from the main heat pump (8);

-an outlet (38) directed to the main heat pump (8);

- an inlet coming from the end-terminals of the utility (31);

- an outlet towards the end-terminals of the utility (31).

If the end-terminals of the utility (31) are not able to deliver refrigerant

energy, at the end of the heating period, the outlets for the end terminals will
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be closed and the hot water will be used only to heat the coil (30) of the
domestic hot water. Sensors (13) may be provided which monitor the
temperature and estimate the amount of heat energy stored in the sensible heat
storage (3), for this reason a connection to the management system and
control logic (5) is present which is provided with an adaptive algorithm that
checks the external environmental conditions to forecast the daily heat load of
the building.

ELECTRIC STORAGE (4)

The electric storage (4), like the main heat pump (8) and the sensible heat
storage (3), concurs to keeping the stand-alone system in a condition to be
able to operate throughout the year. In fact, thanks to the electric storage (4) it
is possible to supply the instant electrical power peaks which the CHP
generator (1) cannot supply quickly. When the electrical load (10) is
disconnected, then the CHP generator (1), which continues to produce the
same amount of electricity as before the peak consumption, will recharge the
lithium batteries (6).

The second of the two interlocked relays (41) which is designed to isolate the
SOFC (1) from the emergency system (7) is in the electric storage (4). The
emergency system (7) could come into operation in case of malfunctions and
maintenance of the CHP generator (1). Having available a possible
connection to the mains or the presence of a generator, in the first case it
would be possible to supply the energy demand of the building while
performing maintenance on the CHP generator (1).

The electric storage (4) is equipped with one or more packs of lithium
batteries (6) monitored and managed by its own management system and
control logic (5).

Said lithium batteries (6) have a structure with new elements which lengthen
the number of life cycles thereof. The BMS (battery management system)

monitors the most important electrical characteristics such as the temperature
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and voltage of the cells, this way it is able to diagnose faults or malfunctions
to prevent problems (such as the rupture of the cell) of the batteries (6).

The purpose of the electric storage (4) is thus to store the electricity generated
by SOFC (1) in the lithium batteries (6) during periods of reduced load and
make it available during times of greatest consumption, such as in the evening
and night or to contribute more power to the load, such as the main heat pump
(8).

In the case of a fully charged lithium battery (6) the management system and
control logic (5) would turn on the main heat pump (8) if further thermal
energy were needed by the building, or would run the auxiliary heat pump
(9a) or the electrolyser (9b) and produce either refrigerant energy or hydrogen
for the SOFC (1). Meanwhile the CHP generator (1) would reach an operating
point as close as possible to the electrical load (10) required.

In the case of a flat lithium battery (6) instead, the SOFC (1) begins to provide
a higher electric power than the electrical load (10) to recharge the electric
storage (4). Given the wide range of situations, it is clear that the management
system and control logic (5) is the real core of the system and permits the
entire functioning of the stand-alone building.

The nominal efficiency of the lithium battery (6) is greater than 90% in C / 3
at 25 ° C. Another predominant property is the high number of cycles both at
90% of the depth of discharge (over 6000 cycles with the end of life at 60% of
the initial energy storage), and at 80% of the depth of discharge (about 10000
cycles).

Moreover the operating temperature must not exceed 40° C and natural
convection is sufficient to cool the heat produced during operating hours.

All the connections to the various devices in the system come from the
electric storage (4) and all the information in input and output is handled by
the software (50) installed on the management system and control logic (5).
This decides each time how much power supply must be produced acting on

the input flow to the SOFC (1), how much heat output must be produced by
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the heat pump (8), what flow rate must pass through the various circuits and if
the CHP generator must be isolated (1) and the emergency system (7) used.
The initial inputs which must be provided to the software (50) of the
management system and control logic (5) to adapt with adequate accuracy
are:
-number of apartments or buildings served;
-estimate of the average number of people forecast;
-location and climatic conditions of the place;
-heating requirements;
-nominal and minimum power at partial loads of the main heat pump (8);
- COP or coefficient of performance of the main heat pump (8) shown in the
data sheet;
-maximum energy which can be stored by the heat exchanger (2) with PCMs
and their charging and discharging times;
-maximum energy which can be stored in the electric storage (4).
For the collection of data from the management system and control logic (5),
a database running on a web server may be implemented which may allow
remote control by the utilities.
The management system and control logic (5) includes a logical device
connected to the aforesaid two-way relay (41) to manage the electricity
generated by the CHP generator (1) according to the energy demand of the
electrical loads (10) of the utilities, being configured to check said relay (41)
to obtain the following electrical demand management configurations:

- POSITION 1: the electrical loads (10) of the utilities are powered with
electricity produced by the CHP generator (1);

- POSITION 2: in which the electric storage (4) is charged by the
electricity produced by the CHP generator (1);

- POSITION 3: in which the electric storage (4) is fully charged and the
electricity produced by the CHP generator (1) and not consumed by electrical

loads (10) is self-consumed by the main heat pump (8);
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- POSITION 4: in which all the power supply demand of the utilities is
supplied simultaneously via the CHP generator (1) and the electric storage
4);

- POSITION 5: in which the electric storage (4) is charged, the CHP
generator (1) produces more electricity than the demand of all the electrical
loads (10) (including the main heat pump (8)) and the electrical energy is
directed towards the auxiliary heat pump (9a) or alternatively to the
electrolyser (9b);

- POSITION 6: wherein the control relay (41) changes its position and
the CHP generator (1) is isolated while the electric storage (4) is connected to
an external back-up source (mains or generator). This can happen during
maintenance of the CHP generator (1) or in case of breakage or malfunctions.
AUXILIARY HEAT PUMP (9a) / ELECTROLYZER (9b) and AUXILIARY
BURNER (11).

The auxiliary heat pump (9a) or the electrolyser (9b) is designed to solve the
possible critical situations which might arise in certain climatic conditions or
at certain times of the year.

The function of the auxiliary heat pump (9a) or the electrolyser (9b) is to
make the SOFC (1) operate both when the electrical load (10) demand is too
low and when it no longer supplies the electrical loads (10) of the building by
means of the two interlocked relays (41). Using the electricity produced by
the CHP generator (1) this is prevented from turning off and in the meantime
dissipates in resistance, going to produce more thermal energy than that
required by the software (50) of the management system and control logic (5).
The auxiliary heat pump (9a) or the electrolyser (9b) is connected to a tank
(93) which in the first case stores refrigerant energy and in the second
hydrogen.

The auxiliary heat pump (9a) or the electrolyser (9b) are therefore electrically
connected to the SOFC (1) and to a tank (93) which will be respectively of

cold water or hydrogen. The usefulness of the cold water is the ability to cool
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the SOFC to maintain as ideal operating conditions as possible. The
usefulness of the hydrogen is instead its direct use as fuel for the SOFC (1).
The choice of one or the other device will vary depending on the weather and
the type of building and end terminals. In the case of an auxiliary heat pump
(9a), this will produce cold water to be stored in the tank (93) through the
supply and return hydraulic circuit (92, 91). In the case of an electrolyser (9b),
the hydrogen produced is stored in a cylinder for metal hydrides which is able
to store hydrogen and then send it to the SOFC (1).

The auxiliary burner (11) instead has the purpose of balancing electric and
heat production depending on the load demand. It is possible in fact that
certain situations during the year show an excessive imbalance of one energy
compared to the other. In the event that too much electricity compared to heat
is produced, the management system and control logic (5) will make the main
heat pump (8) and/or the auxiliary heat pump (9a) or the electrolyser (9b)
produce. Conversely, i.e. if there is too much heat to be generated, and the
main heat pump (8) is already in operation, the auxiliary burner (11) must be
used to supply thermal energy to the sensible heat storage (3) via a supply and
return hydraulic circuit (111, 112). The burner (11) uses the same
hydrocarbon consumed by the SOFC (1) with the exception of hydrogen
which will be exclusively for the CHP generator (1).

The materials and the dimensions of the invention as described above,
illustrated in the appended drawings and later claimed, may be any as needed.
Moreover all the details may be replaced with others technically equivalent,
without departing from the scope of protection of the present patent

application.
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Claims

. Island system for the production of electric and thermal energy

characterised in that it comprises:
- a solid oxide fuel cell CHP generator (1) which uses LPG or natural
mains gas at normal pressure or hydrogen and oxygen from the air as
incoming fuel;
- a latent heat storage comprising a heat exchanger (2) with phase
change materials such as organic materials and hydraulically connected
to the CHP generator (1) to accumulate heat energy produced by it;
- a sensible heat storage (3) which is a hot water tank hydraulically
connected to the CHP generator (1) and to the latent heat storage to
store thermal energy from the CHP generator (1) or from the latent heat
storage;
- a closed hydraulic circuit which connects the CHP generator (1), the
latent heat storage comprising a heat exchanger (2) and the sensible
heat storage (3) via a three-way diverter valve (21);
- an electric storage (4) to store electricity;
- a management system and control logic (5):
e which is housed in the electric storage (4);
e on which a software (50) is implemented;
e which is connected to the CHP generator (1), to the electric
storage (4) and to the electrical loads (10) of the utilities to receive
electricity produced by the CHP generator (1) and use said power to
charge the electric storage (4) and/or electrical loads (10) of the
utilities;
e which is connected to the three-way diverter valve (21) of the
hydraulic circuit, to the heat pump (8) to control the flow of heat

energy towards said sensible heat storage (3).
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e which is provided with an adaptive algorithm that checks the
external environmental conditions to forecast the daily heat load of
the building;
- lithium batteries (6) housed in the electric storage (4);
- an emergency system (7) which supplies an electrical load (10) in case
of maintenance or malfunction of the SOFC (1)
- a heat pump (8) which transforms into thermal energy the extra
electricity produced by the SOFC (1) and not self-consumed by
electrical loads (10) and connected to the sensible heat storage (3) via a
supply and return hydraulic circuit (82, 81);
- an auxiliary heat pump (9a) which produces cold water to put in a
tank (93) to be used for refrigerant loads or to cool the CHP generator
(1) or an electrolyser (9b) which converts into hydrogen the excess
electricity produced by the CHP generator (1);
- electrical loads (10) of the building;
- an auxiliary burner (11) which provides the thermal energy to the
sensible heat storage (3) via a supply and return hydraulic circuit (111,
112);
- heat loads (12).

. Island system for the production of electric and thermal energy

according to claim 1 characterised in that the SOFC (1) provides for:

- a gas side connection (101);

- a flue (102);

- a hydraulic circuit comprising a water supply side (103), a water
return side (104) and a drain (105);

- an electric connection (106);

- a connection (107) to the management system and control logic (5).
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3. Island system for the production of electric and thermal energy

according to claim 1 characterised in that the sensible heat storage (3)
has:

- a heat exchange coil (30) used for the domestic hot water;

- an inlet (33) coming from the three-way diverter valve (21) coming in
turn from the SOFC (1);

- an outlet (37) directed to the three-way diverter valve (21) directed in
turn from the SOFC (1);

- an inlet (34) coming from the heat exchanger with PCMs (2);

- an outlet (35) directed to the heat exchanger with PCMs (2);

- an inlet (32) coming from the auxiliary burner (11);

- an outlet (36) directed to the auxiliary burner (11);

- an inlet (39) coming from the main heat pump (8);

- an outlet (38) directed to the main heat pump (8);

- an inlet coming from the end-terminals of the utility (31);

- an outlet towards the end-terminals of the utility (31).

4. Island system for the production of electric and thermal energy

according to claim 1 characterised in that the heat exchanger with the
PCMs (2) is composed of three sectors sealed from each other, wherein:

- water (22) coming from the three-way diverter valve (21) or water (23)
directed to the second three-way diverter valve (21) enters the lowest;

- the PCMs warming or transferring heat to finned heat pipes which are
the heat exchange route, are housed in the central sector;

- the highest sector has an inlet (25) from the sensible heat storage (3)

and an outlet (24) towards it.

. Island system for the production of electric and thermal energy

according to claim 1 characterised in that the auxiliary heat pump (9a)
produces cold water to store in the tank (93) via a supply and return

hydraulic circuit (92, 91).
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6. Island system for the production of electric and thermal energy

according to claim 1 characterised in that the main heat pump (8) is
provided with an electrical connection (83) to meet the power
consumption and a connection (84) for the management system and
control logic (5) which manages the switching on and off of the main

heat pump (8) as internal and external conditions change.

. Island system for the production of electric and thermal energy

according to claim 1 characterised in that two interlocked relays (41)
isolate the SOFC (1) when the electrical load (10) is connected to the
emergency system (7), of which one is connected to the electrical

connection (106) of the SOFC (1) and the other is located inside the

electric storage (4).

. Island system for the production of electric and thermal energy

according to claims 1 and 7 characterised in that when the interlocked
relay (41) is opened the flow of current is prevented and the electric load
(10) supplied by the SOFC (1) is the auxiliary heat pump (9a) or the
electrolyser (9b) while when it is closed the electricity produced reaches
as far as the electric storage (4) and then flows towards the electrical
loads (10) , or towards the main heat pump (8) or lastly towards the
lithium batteries (6).

. Island system for the production of electric and thermal energy

according to claim 1 characterised in that the management system and
control logic (5) is configured to check the relay (41) to obtain the
following management configurations of the electrical demand:

- POSITION 1: the electrical loads (10) of the utilities are powered with
electricity produced by the CHP generator (1);

- POSITION 2: in which the electric storage (4) is charged by the
electricity produced by the CHP generator (1);

24



10

15

20

WO 2017/129376 PCT/EP2017/025013

10.

- POSITION 3: in which the electric storage (4) is fully charged and the
electricity produced by the CHP generator (1) and not consumed by
electrical loads (10) is self-consumed by the main heat pump (8);

- POSITION 4: in which all the power supply demanded by the utilities
is delivered simultaneously via the CHP generator (1) and the electric
storage (4);

- POSITION 5: in which the electric storage (4) is charged, the CHP
generator (1) produces more electricity than the demand of all the
electrical loads (10) (including the main heat pump (8)) and the electrical
energy is directed towards the auxiliary heat pump (9a) or alternatively
to the electrolyzer (9b);

- POSITION 6: wherein the control relay (41) changes its position and
the CHP generator (1) is isolated while the electric storage (4) is
connected to an external back-up source (mains or generator).

Island system for the production of electric and thermal energy
according to claim 1 characterised in that the heat exchanger (2) with
PCMs and the sensible heat storage (3) are connected to sensors (13)
which monitor the temperature and estimate the amount of stored
thermal energy via a connection to the management system and control

logic (5).
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