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(57) Abréegée/Abstract:

A seasonal energy-storage cooling and heating system comprises an energy storage device (1), a solar collecting device (2), a
cooling device (3), and a water supply device (4) In closed-loop connection with a user terminal (5). The energy storage device (1)
at least comprises a heat source energy storage pool (11) and a cold source energy storage pool (12), the heat source energy
storage pool (11) and the cold source energy storage pool (12) being connected to a water source through water pumps (706,
701); the water supply device (4) comprises a hot water supply pool (41) connected to the heat source energy storage pool (11)
and a cold water supply pool (42) connected to the cold source energy storage pool (12); the solar collecting device (2) Is
connected to the heat source energy storage pool (11) and the hot water supply pool (41) through water pumps (707, 705)
respectively; the cooling device (3) Is connected to the hot water supply pool (41) and the cold water supply pool (42) through
multiple water pumps respectively, and is in closed-loop connection with the user terminal (5). The system Is applicable to various
buildings for cooling and heating, and more particularly to hot-summer and cold-winter zones, thereby achieving a significant
energy-saving effect.
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ABSTRACT

A seasonal energy-storage cooling and heating system comprises an energy storage device
(1), a solar collecting device (2), a cooling device (3), and a water supply device (4) in
closed-loop connection with a user terminal (5). The energy storage device (1) at least
comprises a heat source energy Stcrage pool (11) and a cold soutrce energy storage pool (12),
the heat source energy storage pool (11) and the cold source energy storage pool (12) being
connected to a water source through water pumps (706, 701); the water supply device (4)
comprises a hot water supply pool {(41) connected to the heat soutce energy storage pdol
(11) and a cold water supply pool (42) connected to the cold source energy storage pool
(12); the solar collecting device (2) is connected to the heat source energy storage pool (11)
and the hot water supply pool (41) through water pumps (707, 705) respectively; the
cooling device (3) is connected to the hot water supply pool (41) and the cold water supply
pool (42) through multiple water pumps respectively, and is in closed-loop connection with
the user tenniﬁal (5). The system is applicable to various buildings for cooling and heating,
and more particularly to hot-sumnmer and cold-winter zones, thereby achieving a significant

energy-saving effect.
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SEASONAL ENERGY-STORAGE COOLING AND HEATING SYSTEM

FIELD OF THE INVENTION

[0001] The invention relates to the field of seasonal energy-storage, and more particularly

to a seasonal thermal energy storage system for cold and heat supply.

BACKGROUND OF THE INVENTION

[0002] Since the slogan of “sustainable development” was put forward in the United
Nations Conference on the Human Environment in Stockholm in 1972, people around the
world have been increasingly interested in this development strategy. And the movement of
“Green Building” in building field has also made a big wave. As the traditional urban.
development mode and building system are unsustainable and make people’s life worse,
what the “Green Building” pursuits is a living environment which is ¢nergy-efficient,
environment-friendly, healthy and highly-efficient. And, “Green Building” has become the
main stream in 21* century with increasing attentions. The existing building in China is 40
billion m*, only 4% of which have taken energy-efficient measures. And among new
building in China every year, more than 99% is of high energy consumption. China has
become the second largest energy-consumption country and energy used by building

continues to increase every year given the data of recent years.

[0003] Our building area is expected to increase by 30 billion m* by 2020, which is rarely
seen in the world. Our commercial energy used by building has taken 27.6% in the overall
commercial energy consumption, about to reach 30% - 40% of that of developed country.
However, as statistics show, our efficiency of energy consumption is only 33% by now,
lapping 10% (about 20 years) behind developed country, and the energy consumption
intensity is much higher than the average level of devéloped country and the world, and is 3

times of that of U.S., and 7.2 times of Japan, and much energy ownership per capita is
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below the world average level. Hence, the bﬁilding energy consumption has become a top
priority. The Ministry of Housing and Urban-Rural Development of the People’s Republic
of China (MOHURD) announced the objective of energy conservation for public works
during the period of “the 12% Five-Year Plan”, which 1s to strives to reduce the energy
consumption per wrut area by 10% for public work, and by 15 % for large-scale public work,
and required to increase the application of the renewable energy realistically, such as solar

energy, shallow geothermal energy and biomass energy, to achieve the objective that

renewable energy reaches more than 15% of building energy consumption by 2020.

[0004] The area hot in summer and cold in winter consume energy seriously. The so-called
“arca hot in summer and cold in winter” refers to the transitional zone between the area
with heating provision and the area with burning-hot days which generally means the area
ot the middle and lower reaches of the Yangtze River. The population in this area accounts

for about one third of the total population in China, and the GDP in this area about 40% of

the whole country. It shows that this area 1$ more developed in economic and culture, and
plays a very important role.

[0005] Nevertheless the climate 1n this area is not good compared with the area of the same
latitude. Its outstanding characteristic is hot summer and cold winter. For hot summer, it
means that the temperature in July of this area is 2°C higher than that of the same latitude,

which 1s the highest on this latitude except arid deserts. Because of the low latitude, solar

radiation is very strong in summer; and the cool breeze from the Pacific is blocked by
Southeast China Hilly Regions, so this area is out of wind in the summer. There are 15 - 30
days with the temperature higher than 35°C. In the hottest month, the average temperature
15 32 - 33°C at2 p.m., while the indoor temperature is even 1 - 2°C higher. What is more,

this area is rich in water with high moisture often above 80%, so it is difficult for sweat to

volatilize, which makes people feel uncomfortable sweltering.

[0006] And for cold winter, it means that the temperature in January of this area is 8 - 10°C

lower than that of the same latitude. In winter, cold waves from the North Pole and Siberia
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go directly through the North China Plain, which are stopped by the Nanling Mountains

and Southeast China Hilly Regions to stay there. For days with an average temperature
lower than 5°C, there are 63 days in Wuhan, 75 days in Nanjing and 70 days in Hefei
reaching 2 - 2.5 months with high Iﬁoisture up to 73% - 83%. There is little sunshine in
winter, especially in Chongging and Sichuan. Becausé moisture vapour will take heat away
from human body, so it 1s very gloomy and cold. Such area can not only be seen in China,
but also can be seen in many places all around the world. Despite the adverse climate, there
15 a lot of energy in the surrounding environment which can be exploited by the means of
“seasonal energy storage” that is not often applied in the world besides some small

engineering, for some typical examples:

[0007] A) Solar Community in Oketoks town, Calgary city, Canada:

[0008] 52 separate houses (the building area is about 20,000 m?), with application of solar
collection, heat storage in soil (144 tube wells, with 2 m in&r?als and 37 m depth) heated

by soil heat pump. The project was started in 2004 and put into service in 2006.

[0009] B) Solar Community in Hambung - Branfeld, Germany

[0010] Solar collector tubes cover an area of 2,700 m®, with 20,000 m* heating area and
20,000 m’ heating storage pools. The temperature of energy storage water is 60°C with

good performance.

[0011] From above examples, the “seasonal energy storage” is limited to use solar energy

with little energy-saving effect.

SUMMARY OF THE INVENTION

[0012] Technical problems

[0013] In view of the above-described problemmns, it is one objective of the invention to
provide a seasonal thermal energy storage system for cold and heat supply. The system can

be applied to different kinds of constructions comprising large and medium sized cooling
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and heating projects, which solves the longstanding technological difficulty that the

seasonal energy storage cannot be applied to large and medium sized cooling and heating

projects, and provides a new way for energy conservation and emission reduction.

[0014] Technical schemes

[0015] To achieve the above objective, in accordance with one embodiment of the
invention, there 1s provided a seasonal thermal energy storage system for cold and heat
supply, comprising an energy-storage device, a solar collector, a refrigerating unit, and a
water supply device in closed-loop connection to a user terminal; wherein the
energy-storage device comprises at least a heat source storage pond and a cold source
storage pond, and the heat source storage pond and the cold source storage pond are
connected to water source via first Wafer pumps; the water supply device comprises a hot

water supply pool connected to the heat source storage pond and a cold water supply pool

connected to the cold source storage pond; the solar collector is connected to the heat
source storage pond and the hot water supply pool via second water pumps; and the

refngerating unit is connected to the hot water supply pool and the cold water supply pool

via third water pumps, and is in closed-loop connection to the user terminal. Preferably, the
energy-storage device further comprises an energy-storage ball disposed in an

energy-storage box; the energy-storage ball_ comprises a heat energy storage ball and a cold

energy storage ball; the heat energy storage ball is in closed-loop connection to the solar

collector and 1s connected to the user terminal; and the cold energy storage ball is in

closed-loop connection to the refrigerating unit and is connected to the user terminal and

the cold water supply pool.

[0016] In a class of this embodiment, the heat energy storage ball and the cold energy

storage ball are alternately dispo sed in the energy storage box in winter and in summer.

[0017] In a class of this embodiment, the system further comprises an auxiliary hot-water

boiler in closed-loop connection the hot water supply pool via a water pump.
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[0018] In a class of this embodiment, the solar collector is connected to the user terminal

and is in closed-loop connection to the heat source storage pond.

[0019] In a class of this embodiment, the solar collector employs a trough heat

concentrating device, and the refrigerating unit employs a non-electric lithium bromide

absorption refrigerating machine.

[0020] In a class of this embodiment, the user terminal is a low temperature ground radiant

panel.

[0021] In a class of this embodiment, the water inlet pipes of the heat source storage pond

and the cold source storage pond are provided with a filter-sterilizer.

[0022] In a class of thus embodiment, the temperature sensors and liquid level detectors are
disposed in the heat source storage pond, the cold source storage pond, the hot water supply
pool, and the cold water supply pool; and all the water pumps are provided with a magnetic

valve.

[0023] In a class of this eml;odimcnt, the system further comprises an intelligent control
unit, the intelligent control unit is connected to the temperature sensors, the liquid level
detectors, and the magnetic valve for controlling the opening/closing of the magnetic valve
according to signals gathered by the temperature sensors and the liquid level detectors

whereby opening/closing corresponding water pumps.

[0024] In a class of this embodiment, the solar collector 1s replaced by an industrial waste

heat supply device.

[0025] Advantages according to embodiments of the invention are summarized as follows.

[0026] In the embodiments of the invention, the seasonal energy-storage device, the solar
collector, the water supply device, and the user terminal form a closed-loop cooling and
heating system. The seasonal energy-storage technology can be successfully applied to the

large sized cooling and heating projects, with good encrgy saving efficiency.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic diagram of a seasonal thermal enexgy storage system for cold

and heat supply according to one embodiment of the invention;

[0028] FIG. 2 is a run diagram of a seasonal thermal energy storage system for cold and

heat supply in winter according to one embodiment of the invention; and

[0029] FIG. 3 is a run diagram of a seasonal thermal energy storage system for cold and

heat supply in summer according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0030] For further illustrating the iavention, experiments detailing a seasonal thermal

energy storage system for cold and heat supply are described below with reference to FIGS.

1-3.

[0031] As shown in FIG. 1, a seasonal thermal energy storage system for cold and heat
supply comprises an energy-storage device 1, a solar collector 2, a refrigerating unit 3, and
a water supply device 4 in closed-loop connection to a user terminal 5, The energy-storage
device comprises at least a heat source. storage pond 11 and a cold source storage pond 12,
and the heat source storage pond 11 and the cold source storage pond 12 are connected to

water source via first water pumps. The water supply device 4 comprises a hot water supply
pool 41 connected to the heat source storage pond 11 and a cold water supply pool 42

conmected to the cold source storage pond 12. The solar collector 15 connected to the heat

source storage pond 11 and the hot water supply pool 41 via second water pumps. The

refrigerating unit 3 is connected to the hot water supply pool 41 and the cold water supply

pool 42 via third water pumps, and is in closed-loop connection to the user terminal 5.
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[0032] The energy-storage device 1 further comprises an energy-storage ball 13 disposed in
an energy-storage box. The energy-storage ball 13 comprises a heat energy storage ball 131
and a cold energy storage ball 132. The heat energy storage ball 131 is in closed-loop
connection to the solar collector 2 and is connected to the user terminal 5. The cold energy
storage ball 132 is in closed-loop connection to the refrigerating unit 3 and is connected to

the user terminal 5 and the cold water supply pool 42,

[0033] In practice, the heat energy storage ball and the cold energy storage ball are
alternately disposed in the energy storage box in winter ahd in summer. Specifically, in
winter, a heat energy storage ball having a phase-transition temperature of 58°C and a latent
heat of phase change of 260 kj/kg 1s employed. In summer, a cold energy storage ball
having a phase-transition temperature of 11°C and a latent heat of phase change of 110

kj’kg 1s employed.

[0034] Additionally, the system further comprises an auxiliary hot-water boiler 6 1n

closed-loop connection the hot water supply pool 41 via a water pumbp.

[0035] In practice, the solar collector 2 is connected to the user terminal 5 and is in

closed-loop connection to the heat source storage pond 11.

[0036] The water inlet pipes of the heat source storage pond 11 and the cold source storage

pond 12 are provided with a filter-sterilizer (not shown in FIGS.).

[0037] The refrigerating unit employs & non-electric lithium bromide absorption
refrigerating machine. Furthermore, temperature sensors and liquid level detectors are
disposed in the heat source storage pond 11, the cold source storage pond 12, the hot wafer
supply pool 41, and the cold water supply pool 42; and all the water pumps are provided
with a magnetic valve §0.

[0038] The system further comprises an intelligent control unit (not shown in FIGS.). The

intelligent control unit is connected to the temperature sensors, the liquid level detectors,
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and the magnetic valve for controlling the opening/closing of the magnetic valve according

to signals gathered by the temperature sensors and the liquid level detectors whereby

opening/closing corresponding water pumps.

[0039] With reference to FIGS. 2 and 3, the working principle of the invention is described
in detail as follows.

[0040] In use, the full system in this embodiment works for 8 months all year round: May
to September in summer, and November 15" to February 15® of the next year. The cold
supply and heat storage operate at the same in sumamer, and heating supply and cold storage
operate at the same in winter. The hot source storage pond 11 and the cold source storage
pond 12 are loaded with a capacity of 3 -7 days. The hot water supply pool 41 and the cold
water supply pool 42 are loaded with a capacity of 1.5 hours. The energy storage ball is
configured with 4-hour load. There is a heat energy storage ball in the energy storage box in
winter and a cold energy storage ball in summer. Given that the user terminal 5 has a low
potential energy, the low-temperature floor radiant panel is applicable with primary ar
system. The solar collector 2 can be a trough heat concentrating device, and can be thermal

or regular solar vacuum collector tube in places where solar intensity is strong.

[0041] Figure 2 shows the operation principle of the embodiment under the working

condition in winter. As shown in Figure 2, the working process is as follows:

[0042] Cold Storage Process:

[0043] Water having a temperature lower than 5°C shall be drawn from the river or lake
through the first water pump 701, then conveyed to the cold source storage pond 12 after
being filtered and disinfected through filtering and disinfection devices reaching the water
quality standard for industries. The first water pump 701 will stop working as the ghest

water level is observed on the equipped liquid level measurement LE. Water in the cold

source storage pond 12 will be stored for use in summer.

[0044] Heating Process:
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[0045] Before operation in the day, close magnetic valves B/E/X/W/K and open magnetic
valve A/D/F to start the second water pump 702. Draw the 45°C- 60°C water from the hot
source storage pond 11 and covey it to the hot water supply pool 41 for storage. The second
water purnp 702 will stop working as the highest water level is observed on the equipped
liquid level measurement LE. During operation, close the magnetic valve A and open the
magnetic valves X/Y to stop the second water pump 702. Start the third water pump 703 to
draw water from the hot water supply pool 41 and convey it to the user terminal 5 for
heating. If the temperature of water in the hot water supply pool 41 is not reaching

requirement of the user, close the magnetic valve F and open the magnetic valves E and

H/J/K at the same time, to convey water from water outlet of the user terminal 5 to the

trough heat concentrating device 2 for heat exchange. Mix the water with an increased
temperature with water in the hot water supply pool 41 to satisfy requirement of the user.
After requirement of water temperature 1s satisfied, close the magnetic valve E, open the
magnetic valve F and close the magnetic valves H/J/K to keep the system operating in cycle.
After a period of operation, close the magnetic valve F, open the magnetic valve E and open
the magnetic valves H/J/G at the same time when temperature of water in the hot water
supply pool 41 cannot satisfy temperature requirement, Repeat the above process to achieve
normal operation of the system. In addition, the trough heat concentrating device 2
conducts heat exchange with the heat énergy storage ball 131 in the day. In winter, phase
transition temperature of the heat energy storage’ ball 1s set to be 45°C- 58°C. During
operation, start the second water pump 702 to pump water from the hot source storage pond
11 to the solar collector 2 to heat water to 50°C, then open magnetic valve U to pump the
50°C water to the energy storage box 13. After heat ex change, open the magnetic valve V
and the fourth water pump 704 to convey the 45°C water back to the solar collector 2, thus
to form a circulation. If 1t is necessary to heat water in the hot source storage pool 11, start
the second water pump 702 to pump water from thé hot source storage pond 11 to the solar

collector 2 for heating, and then convey the water back to the hot source storage pond 11.
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[0046] Only the heat energy storage ball 131 and seasonal energy storage water can be used
to ensure the normal operation of the system during the ni ght. Capacity of heat energy
storage ball is set to be a maximum loading of 4 hours. Sfart night operation according to
the conventional way of day operation, close the magnetic valve D and open the magnetic
valve B to allow water from water outlet of the user terminal 5 flow to theenergy storage
box 13 to achieve heat exchange when temperature of water in the hot water supply pool 41
cannot reach requirements of the user. Phase transition temperature of the heat energy
storage ball 131 1s 45°C- 58°C, whén water having a temperature lower than 40°C runs
over the heat energy storage box 13, the heat energy storage ball 131 will release heat to
change from liquid to solid, while the water temperature will increase from lower than
40°C to higher than 45°C, and water will enter intd the hot water supply pool 41 via the

fifth water pump 705 to complete the cycle of system.

[0047) When temperature requirements cannot be satisfied by the heat energy storage ball

131, start the magnetic valves A/S with all other magnetic valves closed. Start the second

water pump 702 to pump water from the hot source storage pond 11 to supply to the user

terminal 5 directly with the used water being drained into the environment directly.

[0048] Figure 3 shows operation principle of the embodiment under the working condition

in summer. As shown in Figure 3, the working process 1s as follows:

[0049] Heat Storage Process:

[0050] Water having a temperature higher than 30°C shall be drawn from the river or lake
through the sixth water pump 706, then conveyed to the cold source storage pond 11 after
being filtered and disinfected through filtering and disinfection devices reaching the water
quality standard for industries. The sixth water pump 706 will stop working as the highest
water level is observed on the equipped liquid level measurement LE. To increase
temperature of water in the hot source storage pond 11, the 30°C water in the hot source
storage pond 11 may be pumped to the solar collector 2 via the seventh water pump 707 to

be heated to 85°C- 95°C, and then conveyed back to the hot soutce storage pond 11 to mix

10
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with the 30°C water in it. When the water temperature reaches 60°C, signals will be sent to

the magnetic valve via a temperature sensor TE to close the seventh water pump 707, which

will restart when the temperature of water in the hot source storage pond 11 decreases to

50°C because of heat loss to ensure the temperature of water in the hot source storage pond

11 remains at 60°C to satisfy conditions of use in winter.

[0051] Cooling process:

[0052] Before operation in the day, start the second water pump 702. Draw the 30°C water

from the hot source storage pond 11 and covey it to the solar ¢ollector 2 for heat exchange,

and then convey the water to the hot water supply pool 41 for storage when its temperature

reaches 95°C. The second water pump 702 will stop working as the highest water level is

observed on the equipped liquid level measurement LE. When water temperature cannot

reach 95°C for insufficiency of solar energy, concurrent heating may be performed through
an auxiliary hot-water boiler 6 to increase the water temperature to > 95°C. Start the eighth
water pump 708 at the same time to pump water 1n the cold source storage pond 12 with a
temperature lower than 10°C, start the ninth water pump 709 after the water has entered
into the energy storage box 13 through the user terminal 5 to convey cold water to the cold
water supply pool 42 for storage. The eighth water pump 708 and the ninth water pump 709
will stop working as the highest water level 1s observed on the equipped liquid level

measurement LE. Upon start of operation, start tenth water pump 710 to pump water

having a temperature higher than 95°C from the hot water supply pool 41 to lithium

bromide refrigerator 3 as a hot source for cooling. Pump water from the cold water supply
pool 42 to prepare chilled water having a temperature of 7°C throughthe eleventh water

pump 711 to the user terminal 5. At the moment, themagnetic valves M/N/O/L2 1s closed
with the magnetic valvesR/L1/P open, back water from the user terminal 5 returns to
[ithium bromide refrigerator 3. In addition, when the cooling load is relatively low in the
day, the chilled water having a temperature of 7°C prepared by lithium bromide refrigerator

3 conducts heat exchange with the cold energy storage ball 132. Phase transition

11
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temperature of the cold energy storage ball 132 is 11°C. When chilled water having a
temperature of 7°C runs over theenergy storage box 13, the cold energy storage ball 132
will release heat to change the chilled water from liquid to solid for use during the night,
while the water temperature will increase from 7°C- 10°C to 12°C- 15°C. During operation,
the eleventh water pump 711 starts with magnetic valve N open. After the heat exchange is
completed in the energy storage box 13, open magnetic valve Q to convey water back to

Lithium Bromide Refrigerator 3 via the twelfth water pump 712.

[0053] Only the cold energy storage ball 132 and seasonal energy storage water can be used
to ensure the normal operation of the system during the night. Capacity of heat energy
storage ball 1s set to be a maximum Joading of 4 hours, During night operation, when water
n the cold water supply pool 42 cannot satisfy temperature requirement, open magnetic
valve O to allow back water having a temperature of 15°C from the user terminal 5 flow to
theenergy storage box 13 to achieve heat exchange. As the phase transition temperature of
the cold energy storage ball 132 1s 11°C, when 15°C water enters into the energy storage
box 13, the cold energy storage ball 132 will absorb the heat in water to change from solid
to liquid, while water temperature will decrease from 15°C to 10°C, and the water will be

conveyed to the cold water supply pool 42 through the ninth water pump 709, thereby
completing the cycle of system.

[0054] When requirements cannot be satisfied by the cold energy storage ball 132, start
magnetic valve L2/T with all other magnetic valves closed. Start the eighth water pump 708
to pump water from the cold source storage pond 12 to supply to the user terminal 5

directly with the used water being drained into the environment directly.

[0055] Compared with state of the art, the advantage of the invention 1s that a new concept
of low potential energy application has been put forward, which means to use seasonal

energy storage as a new resource combined with solar energy artificially, and to use surface
water as carrier for storage in sensible heat and latent heat for its large heat capacity, thus to

achieve seasonal usage. This is a new atterupt to use low potential energy in engineering,

12
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and there has been no precedent in the world. Main features of the invention are as follows:

[0056] Considering higher insolation in summer, apply a trough heat concentrating device 2

to collect solar energy as hot source for cooling;

[0057] Take full advantage of solar energy to make up heat insufficiency of energy storage

water In winter to ensure quality of heating;

[0058] The cooling and heating processes of buildings are ensured by the energy storage
ball absorbing and releasing energy stored in the day. Energy storage water in the heat

storage pool or cold storage pool may also be used to ensure normal heating and cooling of
the system in case of insufficient solar energy;

[0059] Restore energy released by the energy storage ball during the night in the day to
ensure normal operation during the night. The energy storage ball functions as the boiler

and refrigerator.

[0060] An auxibary hot-water boiler is adopted as standby equipment for the system to

improve its safety.

[0061] Industrial waste-heat supply devices existing in the surroundings may be adopted to

replace solar collector as an embodiment of flexibility of energy diversification in the
system.

[0062] Intelligent control is adopted in the whole system to provide comfortable living

environment as climate changes and to achieve energy-saving.

[0063] The innovative system standard using renewable natural energy combining solar
energy with “seasonal energy storage™ makes significant contributions in energy-saving and

social benefits, compared to traditional air conditioners and air conditioner system with soil

heat pump and water heat pump.

[0064] Because CO, emission around the world is too much, the global temperature has

been increasing by maximum 1°C every year according to statistics. Compared to

traditional separate air conditioners, the invention can reduce 11 kg/m* CO; emission per

13
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square meter, about equal to the average emission of existing buildings in China, so the
performance is very outstanding especially in “hot-summer and cold-winter” area which 1s

in Yangtze River Basin and is one of the most developed area in China, The overall new

building area around the country is increased by 2 billion m” every year. Assume that the

new building area is increased by 0.5 billion m*in “hot-summer and cold-winter” area, 0.2
billion m* of which is applied with this project, then the CO; emission can be reduced by 22
x 108 kg to contribute to low the global temperature.

[0065] Urban heat island effect is the phenomenon that the temperature in the city is much

higher than that in outlying suburb. The urban area is of high temperature while suburb has

little temperature change, which makes the urban area like an island on the sea in

near-surface temperature maps, so people call it urban heat island vividly. This effect makes
the annual urban average temperature 1°C higher or even more than that 1n suburb. In
summer, local urban temperature is sometimes 6°C higher. The reasons for this effect are
diverse, but mainly are because of dramatic increase of separate air conditioner. In
Shanghai, for example, there were 62.5 separate air conditioners per 100 houses in 1997,
but this number has reached 300 by now. In summer, massive heat will be evacuated from
these air conditioners, which make the urban heat island effect worse. In theory, this effect
exists in whole year, but it will strongly influence people’s life and consumption especially

in hot days of summer, To address this problem, people have increased the power of air

conditioners, but only made the effect much worse, we can see such vicious cycle around
every day. Because separate air conditioner is not suitable for new buildings, so instead of
traditional air conditioners, we will use low-temperature floor radiant panel as terminal 1n

the project, which will reduce the heat evacuation from air conditioners so as to ease the
urban heat island effect.

[0066] Because there is no air conditioner in the invention, so the energy consumption
comes mainly from water pump. As an energy storage system, most subsystems besides

on-watch system do not operate continuously and the full syStem is all intelligent controlled,
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so it will save a lot of power. Compared to tradifional separate air conditioner, it can save
30 w/m” and 60 w/m’ power per square meter respectively for building arca and air
conditioner area. If the system is applied to new building of 0.2 billion square meter in the
“hot-summer and cold-winter” area every year, the power saved will reach 6 % 106 kw,
equal to the power generated by 10 power station with 6 million MW, so the benefits 1s
very Impressive.

[0067] In addition, the invention will make people much more comfortable by maintaining
indoor temperature at 25°C £ 1°C 1n May to Qctober and at 18°C + 1°C in December to
February with moisture maintained at 60% = 10%. What is worth to mention here is the
moisture control, since this area is rich in water with high moisture often above 80%, so it
is difficult for sweat to volatilize, which makes people feel uncomfortable sweltering. And
because there is little sunshine in winter, and moisture vapour will take heat away from
human body, so it is very gloomy and cold. If the moisture could be controlled, people will
feel much more comfortable. With consideration of the lack of focus on fresh air volume 1n
both traditional separate and central air conditioner, the fresh air volume of this system 15 3
times of that in specification, so people will not feel uncomfortable when using air

conditioners for a long time, and keep mind clear. All in all, the system will not only make

great contribution to our society, but also improve user’s life with practical benefits.
[0068) The invention is especially suitable for “hot-summer and cold-winter” area, and will
make life there better, prevent environmental pollution caused by traditional air conditioner,

and greatly benefit modemn energy-saving and emission-reduction.

[0069] To sum up, the invention addresses the problem of massive energy storage for
large-scale engineering by seasonal heat and cold storage of tremendous energy from

surrounding environment, which is totally suitable for large-scale engineering and has a

significant effect on energy saving by combining the solar energy with seasonal energy

storage without heat pump. The system standard pioneers in technology of the world, and
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will lead the substitute unrenewable energy with rencwable energy with low potential

energy used for heating and cooling in middle and large projects.

[0070] While particular embodiments of the invention have been shown and described, it
will be obvious to those skilled in the art that changes and modifications may be made
without departing from the invention in its broader aspects, and therefore, the aim in the
appended claims is to cover all such changes and modifications as fall within the true spirit

and scope of the invention.
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CLAIMS

1. A seasonal thermal energy storage system for cold and heat supply,
Comprising an energy-storage device, a solar collector, a refrigerating unit, and

a water supply device in closed-loop connection to a user terminal;
whereln:

the energy-storage device comprises at least a heat source storage pond
and a cold source storage pond, and the heat source storage pond and the cold

source storage pond are connected to a water source via first water pumps;

the water supply device comprises a hot water supply pool connected
to the heat source storage pond and a cold water supply pool connected to the

cold source storage pond;

the solar collector is connected to the heat source storage pond and the

hot water supply pool via second water pumps:

the refriperating unit is connected to the hot water supply pool and the
cold water supply pool via third water pumps, and is in clo sed-loop connection

to the user terminal:

characterized in that:

the energy-storage device further comprises an energy- storage ball

disposed in an energy-storage box:

the energy-storage ball comprises a heat enerpy storage ball and a cold

energy storage ball;

the heat energy storage ball is in closed-loop connection to the solar

collector and is connected to the user terminal: and

the cold energy storage ball is in closed-loop connection to the

refrigerating unit and is connected to the user terminal and the cold water

supply pool.
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2. The seasonal thermal energy storage system for cold and heat supply of claim
1, characterized in that the heat energy storage ball and the cold energy

storage ball are alternately disposed in the €nergy storage box in winter and in

SUITNINECT.

3. The seasonal thermal energy storage system for cold and heat supply of claim
2, characterized in that the system further comprises an auxiliary hot-water

boiler In closed-loop connection to the hot water supply pool via a water

pump.

4. The seasonal thermal energy storage system for cold and heat supply of claim
3, characterized in that the solar collector is connected to the user terminal

and 1s i closed-loop connection to the heat source storage pond.

5. The seasonal thermal energy storage system for cold and heat supply of any
one of claims 1-4, characterized in that the solar collector employs a trough
heat concentrating device, and the refrigerating unit employs a non-electric

lithrumbromude absorption refrigerating machine.

6. The seasonal thermal energy storage system for cold and heat supply of claim
5, characterized in that the user terminal is a low temperature ground radiant

panel.

7. Lhe seasonal thermal energy storage system for cold and heat supply of claim
6, characterized in that water inlet pipes of the heat source storage pond and

the cold source storage pond are provided with a filter-sterilizer.

8. The seasonal thermal energy storage system for cold and heat supply of claim

/, characterized in that temperature sensors and liquid level detectors are

disposed in the heat source storage pond, the cold source storage pond, the hot

water supply pool, and the cold water supply pool: and all the water puImps are

provided with a magnetic valve.
18
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9. The seasonal thermal energy storage system for cold and heat supply of claim
8, characterized in that the system further comprises an intelli gent contro]
unit, the intelligent control unit is connected to the lemperature sensors, the
liquid level detectors, and the magnetic valve for controlling the
opening/closing of the magnetic valve according to sicnals gathered by the
temperature sensors and the liquid level detectors whereby opening/closing

corresponding water pumps.

19
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