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Method and system for combined pump water pressure — compressed air

energy storage at constant turbine water pressure

The invention relates to a method for combined pump water pressure
— compressed air energy storage at constant turbine water pressure, and to a

system therefor.

Prior art

The globally increasing utilization of solar and wind energy for
generating electric power has the disadvantage that said energy is available at
irregular intervals and specifically not always when said energy is required. There
is an absence of a cost-effective storage possibility having a good degree of

efficiency and long service life, as well as being environmentally friendly.

Storage technologies to date do not yet adequately meet these
requirements, with the exception of the reservoir lakes in the Alps, the expansion
plans of which are however impeded on an ongoing basis by nature conservation.
At present, pump water energy storage having high-altitude reservoir lakes is the
most efficient type of energy storage. Since there are few possibilities for
establishing high-altitude reservoir lakes and the latter cause administrative
appeals on an ongoing basis, the question whether there is no other possibility of
generating water pressure even without reservoir lakes arises. This possibility
does exist and has already been implemented for decades in the so-called

domestic water pumps. However, the latter are of no economic significance.
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DE 10 2012 015 732 A1 discloses a method for combined pump
water pressure — compressed air energy storage at constant turbine water
pressure, wherein a liquid medium, in particular water, is pumped with the energy
to be stored into a pressure-tight and air-tight cavity, in particular into a pressure
vessel, such that an increasing medium level in a piston-like manner compresses
the gas located in the pressure vessel until the medium fills the cavity, presses
said gas through a connection line into a compressed-gas vessel and shuts off
said gas by way of a stop valve such that the energy is stored in the compressed
gas. A constant turbine water pressure here is achieved in that the storage for the
gas is dimensioned so as to be much larger than the pressurized water vessel,
and that the pressure differential is as large as possible. The pressure of the gas

will thus remain almost constant when the water is discharged.

A method for combined pump water pressure — compressed air
energy storage at constant turbine water pressure is likewise known from WO
2011/101647 A2, wherein here a constant turbine water pressure is additionally
achieved in that the gas is present in two phases — in the liquid phase and in the
gaseous pahse, wherein the evaporation pressure is constant and a constant gas

pressure therefore also acts on the water.

Object

It is the objective of the present invention to develop a storage
system which meets the above-mentioned requirements as well as the desires of

nature conservation.
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Achievement of the object

A method and a system with the fesatures of claim 1 and 2 lead to
the object being achieved. Preferably water, or else any other liquid medium, may
be pumped by a pump driven by an electric motor into a pressure-tight vessel
which is filled with air or an equivalent gas. The steadily rising water level
continuously compresses the elastic air in the vessel, such that the air pressure
and thus the water pressure steadily rise. The water pressure is stored when the

pump is automatically switched off at a specific pressure level.

The electrically driven pump has thus converted the electrical energy
to potential water-pressure energy. By pumping water against an air cushion in a
tightly closed vessel, such as implemented in the domestic water pump, energy
may thus be stored with the aid of the air cushion, and pumping up water in order
to generate pressure may thus be simulated, that is to say substituted. However,
this has the great disadvantage that the water pressure during the discharge of
water from the pressure vessel, for example for driving a turbine, would steadily
decrease. This constitutes a large issue for converting potential water-pressure

energy to electrical energy.

The present invention has the objective of eliminating this issue and
to keep the water pressure for conversion of potential energy to electrical energy
constant at the same pressure level even in the air-cushion pump water energy

storage system.
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According to the invention, this is achieved in that the pressure
vessel is tightly subdivided by a pressure-tight intermediate wall, for example,
having half the volume as part for the water and half of the volume as part for the
air, for example. The two vessel parts are interconnected by two communicating
lines, the first line having a closable valve, and the second line having two stop

valves having an interdisposed air-pressure reducing valve.

Prior to the commencement of energy storage, the air is
precompressed in both vessel parts, for example to 50 bar, while the first valve is
open. Subsequently, the larger vessel part having the electrical energy to be
stored by means of a pump is pumped full with water. At a rising pressure of
initially 50 bar, the rising water level in the manner of a piston pushes the air
completely into the small air vessel and there, on account of the diminished

volume, reaches a pressure of approx. 200 bar.

When filling with water is terminated, the first valve closes the
connection between the water vessel and the air vessel. The electrical pumping
energy is thus converted to potential air-pressure energy and is stored at approx.
200 bar air pressure in the small air vessel. Air turbines have a poor degree of
efficiency for energy recuperation, which is why the compressed air according to
the inventive concept is converted to a reduced and constant water pressure. The
latter is reduced to approx. 50 bar. This is achieved by way of a gas-pressure
reducing valve which is fitted between the two stop valves and which enabling air
circulation connects the small air-pressure vessel to the large water vessel. The
input-side air pressure at the reducing valve is initially 200 bar and on the

operation side is set to 50 bar. Upon commencing operation of the water turbine
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for energy recuperation, the water level in the large water vessel steadily
decreases, and the air pressure inevitably sinks too. The latter is however
continuously readjusted by air flowing in from the reducing valve which is set to
50 bar such that up to a residual amount the entire amount of water in the water
pressure vessel at a constant water pressure of 50 bar drives the water turbine
having a generator at a higher degree of efficiency than would be possible in a

direct manner using compressed air via a gas turbine.

Using this solution, maintaining constant water pressure of reservoir
lake power stations is more likely to be exceeded, the water pressure of the latter
on account of the height of the dam wall varying in the case of an empty or a full

reservoir lake.

The regulation of the amount of water is integrated in the turbines, for

example by way of readjusting the needle valves in Pelton turbines.

In the present storage method according to the invention, there are
no energy-destructive air heating issues such as in the case of compressed-air
energy storage systems, not least as a result of the high air turbulence up to
1000°C in piston-type compressors and turbo-compressors, since the air is not
compressed by turbulences in fast-running piston blades and turbine blades but is
rather compressed in a very calm manner by the slowly rising water level in the
pressure vessel. The contact area between water and air is very large such that
the heated air created by compression is immediately cooled by the water. An
additional cooling possibility for the air being heated lies in that the supply of water

to the water pressure vessel is not performed from below but from above by way
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of a perforated pipe, such that the water pumped in trickles through the air being
heated and cools the latter. A little water may also be atomized in order for the air

being heated to be cooled.

This combined pump water pressure — compressed air energy
storage at constant turbine water pressure, having degrees of efficiency of up to
80%, is far superior to the new research projects relating to compressed-air
energy storage technology having a heat store and heat recuperation with a
desired degree of efficiency of 70%, also in economic terms, since water turbines
and water pumps having degrees of efficiency of more than 90% are more cost-
effective than turbo-compressors and gas turbines having a significantly poorer
degree of efficiency. Moreover, the high costs of a heat store up to 600°C and
having a pressure-tight insulation up to 100 bar, which is still very complex to

develop, may be saved.

The storage capacity of the pump water pressure — compressed air
storage system having constant turbine water is impressive. An electricity storage
capacity of approx. 30 kWh results in the case of concrete-reinforced high-

pressure pipes with a capacity of 2000 | and of compressed air of 1000 bar.

Upon termination of energy recuperation the initial compression of air
at the stationary pressure of precompression of 50 bar is reinstated at 50 bar in
both pressure vessels. Precompression has the advantage that water does not
have to be pumped starting from atmospheric pressure in the case of every

storage cycle.
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Advantageously, a residual amount of water always remains in the
pressurized water vessel, in order for the stationary air pressure of 50 bar, for

example, to be maintained.

The height of precompression of the air in the pressure vessels and
the subsequent operating pressure in bar depends on the pressure tightness of
the vessel. The higher the pressure and the larger the vessel volume, the more
energy may be stored. The pressure tightness of the pressure vessels must
correspond to approx. double the maximum operating pressure and may be

periodically monitored by way of a simple water pressure test.

The size ratio of the water pressure vessel to the air pressure vessel
also determines the air pressure. For example, if the water pressure vessel is of
the same size as the air pressure vessel, the pressure in the latter doubles, from

50 to 100 bar.

Using a liquid pressure reducing valve installed upstream of the
water turbine, this pressure reduction to 50 bar would also be possible, however,
the water pressure energy stored above 50 bar would be completely lost since the
volume of water cannot be increased by a reduction in pressure, as is the case

with air.

The environmentally friendly storage system which is not visible in
the ground or in water or in rock tunnels is also not exposed to administrative
appeals like reservoir lakes. Savings can be made in terms of entire or partial

planned high-voltage lines by building these stores at all neuralgic points having
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excessive electrical power or a deficit of electrical power.

As has already been mentioned above, in order to save stored water
in areas experiencing a shortage of water, two storage systems may also be built
next to one another, alternating the stored water from one system to another. The
water from the one system that is freed up by way of energy recuperation
simultaneously serves for energy storage in the other system. An impressive
saving in water results therefrom. An equalizing reservoir between both systems
ensures that there is always a sufficient amount of water. A large water tank for
the total amount of water may be saved on account of this dual operation. The
advantage of this alternating operation also lies in that switching over from storage
to storage recuperation can be very rapidly performed. More than two systems

may also be combined with one another for this alternating storage operation.

Here too, the air is precompressed in both vessel parts prior to the
commencement of energy storage, for example to 50 bar. No air compressor is
needed for this compression; savings may be made for the former in that the air is
compressed using the water piston system according to the present invention at a
much higher degree of efficiency and without issues relating to heated air. In order
for this to be achieved, the empty pressurized water vessel is pumped full with
water, and the air is pressed into the compressed air vessel by way of an opened

stop valve.

In the case of a full water vessel the stop valve to the compressed air
vessel is closed. Since the required pressure in the air vessel has not yet been

reached by one water piston stroke, the water pumping procedure has to be
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repeated. For this purpose, the water in the water vessel that is separated from the
compressed air vessel by a stop valve is discharged by way of an opened stop
valve through a connection pipe to the pressureless water reserve vessel. This
water is again pumped into the same pressurized water vessel and the air by the
increasing water level is pressed in a piston-like manner into the air vessel. This is
repeated so often until the envisaged air pressure has been reached. Since the
preliminary pressure in the empty pressurized water vessel and the compressed
air vessel is to be 50 bar, the air in the pressure vessel first has to be compressed
to double the pressure, that is to say to 100 bar. By opening the stop valve to the
previously emptied water vessel, compressed air at 100 bar streams into the latter

such that the compressed air in both vessels adjusts to 50 bar.

In the energy storage system according to the invention the
achievable amount of stored energy depends not only on the size of the sealed
and pressure-tight cavities or pressure containments but also on the achievable
pressure tightness. According to the prior art, in the case of disused mines and
rock tunnels 50 — 100 bar are expected, in the case of standard pipeline pipes
having a diameter of 1 m up to 200 bar, especially up to 300 bar are expected.
Using concrete steel reinforced storage pipes according to the invention, pressure
tightness values well beyond 1000 bar are implementable, the rated pressure
tightness having to reach double that value. These high pressures will not
represent any safety problem for energy storage, since industry in thousands of
systems for other purposes operates with water at up to 4000 bar, and high-
pressure washers with up to 1000 bar are also in use. High-pressure water pumps
with up to 4000 bar, having degrees of efficiency of more than 90% are also

commercially available.
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In order to drive the turbine at a water pressure of 50 bar according
to the invention, having for example 1000 bar storage pressure and by means of
an air-pressure reducing valve, approximately ten times the amount of water of the
contents of the compressed-air store of 1000 bar is required. Having a
compressed-air store size of 1200 liters, for example, a pressurized water store
having approx. 12,000 liters capacity would have to be available, which is very

uneconomical.

It is also an object of this invention to find a solution in order to
reduce the amount of water from 12,000 liters at 50 bar to 1200 liters 50 bar +
approx. 2000 liters at zero pressure. This is achieved in that using two water
vessels, preferably of identical capacity and identical pressure tightness as the
compressed air vessel, the one water vessel at an air pressure of 50 bar
alternatingly drives the turbine with pressurized water at a constant pressure of
50 bar, while the other vessel, the water vessel, which from previously having fed
the turbine is almost devoid of water is simultaneously filled by means of pumps
with water from the pressureless water vessel. On account of the water-filling by
pump, the preliminary air pressure of 50 bar in the empty water vessel in a piston-
like manner is recuperated by opening the valve on the compressed air vessel,
and no losses are incurred in this way. On account of this alternating and revolving
operation and on account of the turbine waste water being recycled, an infinite
amount of pumped water is made available from the pressureless water vessel of

approx. 2000 liters capacity.

Using pressure vessels that are 100% air-tight, energy storage
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without losses is possible for months, in contrast to battery storage where
continuous standby losses are incurred. Moreover, water as a storage medium is

infinitely more environmentally friendly than the toxic materials in the batteries.

The pressure vessels are the main component part of the new
storage system, the former being many times more durable than battery storage,

this having a positive effect on the storage costs per kWh.

The components required for overpressure protection and charging
and discharging of the energy storage and for regulating the amounts of water, for
regulating the revolutions and the output of the turbine by means of valves, and all
control and monitoring elements are computer controlled and process controlled.
Overpressure protection is ensured by at least to independent systems. By way of
an emergency switch the air in the compressed air vessel may be immediately
vented in an upward manner through a valve with a pipe and the system may be
rendered pressureless within a short time without emptying the water, such that

dangerous flooding catastrophes as in the case of a burst dam wall are excluded.

A water stop valve is attached to the exit opening of the water
pressure vessel such that no water from the water pressure vessel may reach the
compressed air vessel. A check valve is advantageously fitted to the entry of the

pressurized pump water into the pressurized water vessel.

In order for pump water pressure — air cushion energy storage to be
implemented, most of the components such as pumps, turbines, generators,

protection elements, grid adaptors, etc. have already been developed and are
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already prior art in the reservoir lake power stations. Said components may be
adopted by way of adaptations of size and output. By contrast, storage water
vessels for very high pressures, which are to replace reservoir lakes to a smaller
scale, are an issue which has yet to be solved. It is an object of this invention to
develop solutions for high-pressure vessels that are as cost-effective as possible,
or to find suitable and quite dissimilar technical applications for the present energy

storage and to apply the latter thereto.

In principle, tubular vessels, that is to say stainless steel pipes which
are tightly closed at both ends are best suited to high pressures. The larger the
pipe diameter, the larger the wall thickness thereof has to be. However, stainless
steel pipes having thick walls are very expensive. Therefore, it is proposed that
thin-walled pipes are to be enclosed using steel-reinforced special concrete and to
reinforce said pipes in this way, since reinforcement steel is approx. 6x cheaper
than stainless steel. Depending on the required pressure tightness, helically coiled
reinforcement steel is pushed in one or a plurality of layers over the pipe to be
reinforced, so as to eliminate the radial pressure presses. In order for the axial
pressure presses to be eliminated, the two pipe terminal closures are
interconnected by means of reinforcement steel. They are longitudinally disposed
in an annular manner on the circumference of the pipe, so as to be between the
tubular and the helical reinforcements, and are fixedly welded to the tight pipe
terminals. Using this construction, high-pressure vessels having a small pipe
diameter may be implemented having a pressure-tightness of more than 1000 bar.
One or a plurality of interconnected pipes which have been steel-reinforced in
such a manner are provided with a casing and embedded in high-pressure-tight

concrete. Storage pipes which are enclosed in a pressure-tight reinforced concrete
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jacket are particularly well protected against corrosion, be it for installation in the
ground or in water. A potential service life of more than 60 years results in

economical, cost-effective energy storage.

The storage pipes may not only be placed in a horizontal manner but
also in a vertical manner in a earth bore hole or else in disused ore or coal mines,

etc., or else in tunnels or shafts.

The pressure-tightness of the storage pipes may be checked at any
time using a normal water pressure testing apparatus. Pipes from a completely
different technical application, specifically from gas and oil pipelines, are very well
suited as high-pressure storage pipes. Such pipes have a pressure-tightness of up
to 200 bar. Having a diameter of up to more than one meter, even comparatively

large air cushion — pump water energy storage may be implemented.

Long-term experience has already been gained with pipelines for gas
and oil that have been installed underground or on the seabed. Such experience is
very important and valuable in the reassigned use of these pipeline pipes in water
pressure energy storage. On account of said pipes having proven successful in
terms of corrosion in sea water, pump stores may also be implemented without
hesitation underwater at beaches in order to store wind power, for example.
Vacated tunnels and shafts, and disused mines, etc., to the extent that the latter
cannot be rendered air-tight, may be with pipeline pipes which are closed at the

ends, placed therein and used as air cushion — water pressure energy storage.

In order to save weight, for example for energy storage for vehicles,
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fiber-reinforced plastics may also be used as a pressure vessel. Disused tunnels
or the construction of new tunnels, for example in compact granite or lime rock,
having a rock cover of several hundreds of meters, are also suitable for large
energy storage volumes. The internal faces of the tunnel are to be sealed using an
air-tight coating. The separate air pressure store by means of a pipeline pipe
which has been closed at the ends, for example, may be longitudinally placed in

the water-filled tunnel.

The new energy storage according to the present invention results in
surprising improvements in the degree of efficiency and in massive cost reductions
in wind power systems by way of a force-fitting direct drive, of the propeller by
means of an angular gear via a shaft to the high-pressure water pump for energy
storage. The direct path from the propeller to the high-pressure water pump, while
eliminating the generator producing electrical power and the pump drive motor,
first results in an improvement of the degree of efficiency of approx. 20% and,
second, results in a reduction of costs for the construction of wind power systems
that has not been considered possible. This saving is approx. 1/3 of the total cost
of a wind turbine. Without the generation of any electrical power and without
complicated electronic frequency stabilizing installations on the high tower and

expensive maintenance costs: all this is no longer required.

Moreover, using a high-pressure piston water pump has the
advantage that the former has the same high degree of efficiency above 90% at
each revolution, be it high or low. This has the advantage that the usual
stabilization of the revolutions of a propeller is dispensed with, corresponding to a

further reduction in costs.
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A further cost advantage is created in that the wind turbine stands
directly above the subterranean concrete construction of the storage system, and
that this concrete construction serves as a foundation, such that savings can be
made in terms of a usual foundation for the tower of a wind turbine. Moreover, the
pressure-tight cavity of the tower may be utilized for storing pressurized water or

compressed air.

Using this innovation, wind energy can be expected to assume the
position of the most cost-effective generation of electrical power by far, even
having the advantage that electrical power may also be generated by way of the
associated energy storage during a Iull. The cost savings when setting up new
wind power systems according to the invention without a generator and without
electronics is in the magnitude that the storage may be partly or completely

financed thereby.

By constructing wind power systems having the new energy storage
a further great advantage of stabilizing the grid is created, such that new high-

voltage lines may be partly or completely dispensed with.

The new pump water pressure — compressed air storage according
to the invention, having a degree of efficiency of approx. 80% has the advantage
that the turbine water pressure during energy recuperation always remains
constant at the same level, regardless of whether there is strong or weak wind, or

no wind at all.
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Instead of an individual wind turbine having associated storage, it
may be advantageous to assemble a group of wind turbines without a generator,
each being equipped only with a high-pressure pump and communicating with a

central energy storage.
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Description of the figures

Further advantages, features, and details of the invention are derived
from the following description of preferred exemplary embodiments and by means

of the drawing in which:

fig. 1 shows a schematic illustration of energy storage according to

the invention of wind energy, solar energy, or other irregularly occurring energy

types:;

figs. 2a and 2b show schematic illustrations of in each case one
embodiment of energy storage according to the invention in an alternating

operation of two storage systems;

figs. 3a to 3c show schematic illustrations of three variants of

placing compressed air vessels;

figs. 4a and b shows a partially illustrated longitudinal section and a
cross section along the line A-A through a thin-walled pipe as a pressurized water

vessel;

fig. 5 shows a schematic illustration according to the invention of

energy storage for a duplex house having a roof solar system;

fig. 6 shows a schematic illustration according to the invention of a

large energy storage system in a rock tunnel, adjacent to a lake or a reservoir;
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fig. 7 shows a schematic illustration according to the invention of
wind power energy storage using pipeline pipes or concrete-sheathed storage

pipes, placed vertically in a bore hole;

fig. 8 shows a schematic illustration according to the invention of
wind power energy storage using pipeline pipes or high-pressure-tight and
concrete-sheathed pressurized water vessel pipes which are horizontally installed

in the ground.

According to fig. 1, storage water 1a is located in a pressurized water
vessel 1. This storage water 1a is fed into the pressurized water vessel 1 by

means of a high-pressure water pump 3, having a motor, via a stop valve 17.1.

The respective energy for the high-pressure water pump 3 is made

available by a solar panel 6.1 or a wind farm 6.2.

The pressurized water vessel 1 is connected to a compressed air
vessel 2, so as to communicate with the latter and to be separable therefrom. To
this end, respective valves are interdisposed in the respective lines. A water stop
safety valve 9 which guarantees that no water but only air reaches the
compressed air vessel 2 is located in the line near the pressurized water vessel 1.
Thereafter, a further stop valve 17.2 follows toward the compressed air vessel 2. A
compressed-air reducing valve 8 is provided in a return bypass, stop valves 17.3
and 17.4 being likewise assigned to either side of said valve 8. Relief valves are

referenced with 23.
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Using the storage water 1a from the pressurized water vessel 1, a
water turbine 4 having a generator may be supplied by way of a stop valve 17.5,

again in a separable manner. The respective energy generated is fed into a grid 7.

The mode of operation of the present invention is as follows, for

example:

Water from a water vessel 5 is pumped by means of an electrically
driven high-pressure pump 3 into a pressurized water vessel 1 having
precompressed air at 50 bar. The pressurized water vessel 1 is connected to the
compressed air vessel 2 so as to communicate with the latter and be separable
therefrom, the air in the pressurized water vessel being displaced by the water
filling being pressed into said compressed air vessel 2. If the volume in the
compressed air vessel 2 is four times smaller than the volume in the pressurized
water vessel 1, the pressure in the compressed air vessel 2 increases to 4 x 50 =
200 bar. By closing a valve 17.2 the energy is stored in the small compressed air
vessel 2 having compressed air at 200 bar. Since an operating water pressure of
the turbines is 50 bar, for example, the compressed air at 200 bar by way of a

compressed-air reducing valve 8 is adjusted to an operating pressure of 50 bar.

By opening two stop valves 17.3 and 17.4 the compressed air at 200
bar flows through the reducing valve 8 at 50 bar and into the water-filled
pressurized water vessel 1, such that the entire amount of water up to a residual
amount of water drive the turbines at a constant pressure of 50 bar. The sinking

water level in the pressurized water vessel 1 in conjunction with the sinking air
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pressure is continuously readjusted to 50 bar by the pressure reducing valve 8

which is set to 50 bar.

According to fig. 2, energy storage according to the invention is
illustrated in an alternating operation of two storage systems 1.1 and 1.2. While
water is being pumped into the system 1.1 on the left for energy storage, the
system 1.2 on the right, in which energy is being recuperated, now releases water
which is required by the system on the left. A common water equalizing basin 5
ensures that there is always sufficient water available. A large water basin for the

entire amount of water may be dispensed with.

In fig. 3a the smaller compressed air vessel 2.3 is installed in the

large pressurized water vessel 1.3.

In fig. 3b a pressure-tight and sealed intermediate wall 20 is installed
in a pressurized water vessel 1.4. The larger compartment forms the pressurized
water vessel 1.4, and the smaller compartment forms the compressed air vessel

2.4.

In fig. 3c the compressed air vessel 2.5 is placed outside the

pressurized water vessel 1.5.

According to fig. 4 it is illustrated how a thin-walled pipe as a
pressurized water vessel 1 may be rendered so as to be high-pressure tight, using
a steel-reinforced concrete jacket. Concrete steel 11 is helically wound and

pushed over the pipe in one or a plurality of layers, depending on the pressure
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tightness required. The radial pressure presses are absorbed by this pipe coiling
with reinforcement steel. In order for the axial pressure presses to be supported,
reinforcement steel bars 12 are disposed in an annular manner around the pipe
and fixedly welded to pipe terminal plates 21. The entire assembly is encircled by
a casing and filled with high-pressure-tight concrete 22 and vibrated such that no

cavities remain.

Fig. 5 shows an energy storage system for a duplex house 13,
having a roof solar system 6 with pressurized storage pipes which are concrete-
sheathed in the ground outside the house, on account of which very little space is
required in the basement. The figure furthermore shows a pressurized water
vessel 1.3 which is placed in the ground and has an integrated compressed air
store 2.3. The pressureless reserve vessel 5 is located under the pressurized
water store 1.3, having a connection to the high-pressure water pump 3 for filling
the storage vessel 1.3 and to the turbine generator 4 for the return flow of water of
the energy recuperated in the turbine from the pressurized water vessel. The
overpressure protection devices and an automatic operation system 10, which are

computer-controlled and process-controlled, are only schematically indicated.

Fig. 6 shows a large energy storage system in a rock tunnel 14,
adjacent to a lake 16. The water supply to the high-pressure water pump 4 is
equipped with a filter 15 which is repeatedly cleaned by the water flowing back

from the power-generating turbine generator 4.

The inflow and outflow of the storage water is regulated by two

valves 17.6 and 17.7. The incoming power line in an alternating manner supplies
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excess power for feeding the high-pressure water pumps 3, or in the case of a lack
of power is fed by the stored high-pressure water energy by way of relaxation in
the power-generating turbine generator 4. The overpressure safety devices and
the automatic operating system 10 are computer-controlled and process-

controlled.

Fig. 7 shows a schematic illustration according to the invention of
energy storage using pipeline pipes or concrete-sheathed storage pipes 18,
placed in a vertical manner in a bore hole. The wind power system 6 here
preferably sits directly on the unit composed of the pressurized water vessel or the
reserve vessel 5, respectively, and the housing for the water pump 3 and the
turbine 4. On account thereof, a dedicated foundation for the wind power system 6
can be saved. Moreover, on account thereof, the wind power system 6 is very well

anchored in the ground.

Furthermore, at 22 it is illustrated here that the wind power system 6
is connected directly to the water pump 3. To this end, an angular gear (not shown

in more detail) is preferably provided.

Fig. 8 shows a schematic illustration according to the invention of
energy storage using pipeline pipes or high-pressure-tight and concrete-sheathed
pressurized water vessel pipes which are horizontally installed in the ground. The
drawing likewise shows a single wind turbine having direct drive of the water high-
pressure pump by way of the propeller. The concrete substructure having the
pump and the water tank simultaneously serves as the foundation for the wind

turbine tower. The hollow space of the tower may be utilized as a pressure-tight
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hollow space for pump water pressure — compressed air energy storage.

Of course it is also conceivable in the context of the invention to not

only connect one propeller but the propellers of an entire wind farm to an energy

recuperation system according to the invention.
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List of reference signs

Pressurized water vessel
Compressed air vessel
Water pump

Turbine

Reserve vessel
Wind/solar energy
Grid

Reducing valve
Safety valve
Controller

Concrete steel vessel
Reinforcement
House

Tunnel

Water filter

Lake

Stop valve

Storage pipe

Storage pipe
Intermediate wall
Terminal plates
Direct connection

Relief valve

DK/EP 3049667 T3
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PATENTKRAV

1.

Fremgangsmade til kombineret pumpevandtryk-trykluft-energilagring med
konstant turbine-vandtryk, hvorved der med energien, som skal lagres, sker
pumpning af et flydende medium, navnlig vand, til et tryksikkert, lufttet hul-
rum, navnlig en trykvandsbeholder (1-1.5), saledes at et stigende medium-spe;jl
stempelagtigt komprimerer en gas, navnlig luft, som befinder sig i trykvands-
beholderen (1-1.5), indtil beholderen er fyldt med medium, og presser gassen
gennem en forbindelsesledning ind i en trykgasbeholder (2-2.5) og lukker af
med en sperreventil (17.2), saledes at energien lagres i trykgassen,

kendetegnet ved, at energien 1 trykluften bevares indtil tidspunktet for gen-
vinding af energien ved tilfgrsel af den energi-lagrede trykluft gennem en an-
den forbindelsesledning til trykvandsbeholdere (1-1.5) med abnede lukkeventi-
ler (17.3, 17.4) og med derimellem anbragt lufttryk-reduktionsventil (8), som
leder den hgjkomprimerede trykluft 1 trykreduceret tilstand ind 1 den fyldte
trykvandsbeholder (1-1.5) og opretholder vandtrykket til drift af for eksempel
turbiner pa konstant trykniveau for det i reduktionsventilen indstillede drifts-

tryk (arbejdstryk).

Anlzg til kombineret pumpevandtryk-trykluft-energilagring med konstant tur-
bine-vandtryk, hvorved anl®gget omfatter et tryksikkert, lufttet hulrum, en
forbindelsesledning, en trykgasbeholder (2-2.5) og en sparreventil (17.2),
hvorved der med energien, som skal lagres, kan pumpes et flydende medium,
navnlig vand, ind 1 det tryksikre, lufttette hulrum, navnlig en trykvandsbehol-
der (1-1.5), saledes at et stigende medium stempelagtigt komprimerer en i
trykvandsbeholderen tilstedevaerende gas, is@r luft, indtil beholderen er fyldt
med medium, og presser gassen gennem en forbindelsesledning ind 1 trykgas-
beholderen (2-2.5) og lukker af med sperreventilen (17.2), saledes at energien
kan lagres 1 trykgassen, kendetegnet ved, at anlegget desuden omfatter en
anden forbindelsesledning, lukkeventiler (17.3, 17.4) og en lufttryksventil, og
at energien 1 trykluften kan bevares indtil tidspunktet for energigenvindingen
ved levering af den energilagrede trykluft gennem den anden forbindelsesled-

ning til trykvandsbeholderen (1-1.5) med de dbnede lukkeventiler (17.3, 17.4)
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og med lufttryk-reduktionsventilen (8) anbragt derimellem, og som leder den
hgjkomprimerede trykluft 1 tryk-reduceret tilstand ind i den fyldte trykvandbe-
holder (1-1.5) og opretholder vandtrykket til drivning af for eksempel turbiner

ved konstant trykniveau for driftstrykket, som er indstillet i reduktionsventilen.

. Anlzg ifplge krav 2, kendetegnet ved, at der foran trykvandsbeholderen (1-

1.5) er koblet en energiforsynet hgjtryks-vandpumpe (3), og trykvandsbeholde-
ren (1-1.5) er 1 kommunikationsforbindelse med tryktrykgasbeholderen (2), og
denne trykgasbeholder omfatter et mindre volumen end trykvandsbeholderen

(1-1.5).

. Anlag ifglge krav 3, kendetegnet ved, at trykvandsbeholderen (1-1.5) er ud-

formet som rgrformet og med henblik pa dempning af radiale trykkrefter er
udstyret med en spiralringformet stalbetonarmering (12), som er lagt langs rg-

ret og forbinder to rgrafslutninger (21), der optager en aksial kraft.

. Anlag ifglge et hvilket som helst af kravene 3 eller 4, kendetegnet ved, at

trykvandsbeholderen (1-1.5) bestér af et pipelinergr, der er tet lukket i begge

ender.

. Anlzg ifplge mindst et af kravene 3-5, kendetegnet ved, at lagervaesken be-

star af en tilsetning til vandet eller ogsa af en anden vaske end vand, for ek-

sempel af hydraulikolie til smélagersystemer, for eksempel til kgretgjer.

. Anlag ifplge mindst et af kravene 3-6, kendetegnet ved, at komponenter, der

er ngdvendige til overtryksbeskyttelse og opladning samt afladning af tryk-
vandslageret (1-1.5), savel som en vandmangde-regulering, med henblik pa
reguleringen af turbinens (4) rotationshastighed og output ved hjzlp af ventiler
(8,9, 17), og samtlige styrings- og overvagningssystemer er computer- og pro-

cesstyrede.

. Anlag ifglge mindst et af kravene 3-7, kendetegnet ved, at der sikres en over-

trykssikring af mindst to uvathangige systemer, hvorved der med en ngdkon-
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takt straks kan ske udtgmning opad af gassen 1 trykgasbeholderen (2-2.5) gen-
nem et rgr, og anlaegget pa kort tid er gjort tryklgst uden udtgmning af vand.

Anlzg ifglge mindst et af kravene 3-8, kendetegnet ved, at der ved en ud-
gangsabning pa trykvandsbeholderen (1-1.5) er anbragt en vandsperringsventil
(9), saledes at der ikke kan komme vand fra trykvandsbeholderen ind i tryk-
gasbeholderen (2-2.5).

Anlzg ifglge mindst et af kravene 3-9, kendetegnet ved, at to eller flere la-
geranleg (1.1, 1.2) ul skiftevis drift af energilagring og energigenvinding er

udstyret med et felles udligningsvandbassin (5) eller vandreservoir.

Anleg ifglge mindst et af de foregaende krav, kendetegnet ved, at en vandtil-
forsel til trykvandsbeholderen (1-1.5) sker fordelt fra oven, hvorved vandet,

som plasker gennem luften, opvarmes og atkgler denne.

Anlzg ifglge krav 11, kendetegnet ved, at tilfgrslen af vand sker via et perfo-

reret ror.

Anleg ifglge mindst et af de foregaende krav, kendetegnet ved, at varme,
som opstar ved luftkompressionen, optages af vandet og tjener til at udligne

kulde, der opstar ved trykreduktion i reduktionsventilen (8).

Anleg ifglge mindst et af de foregdende krav, kendetegnet ved, at hgjtryks-
vandpumpen (3) via en passende forbindelse (22) direkte er forbundet til et

vindkraftanleg (6).

Anlzg ifplge krav 14, kendetegnet ved, at der 1 den direkte forbindelse (22)

er indkoblet et vinkeldrev.
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