METHOD AND DEVI CE FOR PROVI DI NG HEAT AND CARBON DI OXI DE TO VEGETABLES

AND/ OR ALGAE USI NG PONER STATI ON FLUE GAS FI ELD OF THE | NVENTI ON [ 0001] The
invention relates to recycling and utilization of exhaust gas from bi omass
power plant, and nore particularly to a nmethod and a device for supplying
heat energy and carbon di oxi de for vegetabl es and/ or al gae usi ng exhaust
gas froman electric power plant. BACKGROUND OF THE | NVENTI ON [ 0002] As

gl obal coal and petrol eum resource becone scarce, different countries in
the world has increased the investnent in the bio-energy industry, and

bi omass- bggerH opVENDRYEVT SE e PRERN DINCGHERG ARDECARBON DFdikapstt@as from
t he conbustion of biomass contains a | arge anobunt of water vapor, 12-20% of
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ni trogen oxi des and dust. Meanwhile, the tenperature of the exhaust gas is
approxi mately between 110 and 140C, so that the exhaust gas contains a

| ar ge amobunt of heat energy. Calculation results indicate that during a
normal operation of a 30 MW bi onass boil er turbine, the exhaust gas

di schar geld E-PoR-tThE IN\GEEON0i | er every hour carries approxi mately 6628500
kCal (equivalent to 7710 kW of heat energy; however, this part of heat

ener gy CabORArHY nVdhe of Xdiaesth r&dslihanasiliesl onGt eRABYdaB8 groM hibmbdke direct
di scharge of 't he exhaust gas. Furthernore, a | arge anount of carbon di oxide

in the exbmuesplaggsnd soooperti culaplysb v methasbanelc dexitce fdrisappyimg $ipdtenergy whi ch
i nduces the global climte warm ng and the greenhouse effect.
and carbon dioxide for vegetables and/or algae using exhaust gas from an electric power

plant.

BACKGROUND OF THE INVENTION

[0002] Asglobal coa and petroleum resource become scarce, different countriesin the
world has increased the investment in the bio-energy industry, and biomass-based power
plants have been more and more common. Exhaust gas from the combustion of biomass
contains alarge amount of water vapor, 12-20% of carbon dioxide, and a small amount of
carbon monoxide, sulfur dioxide, nitrogen oxides and dust. Meanwhile, the temperature
of the exhaust gas is approximately between 110 and 140°C, so that the exhaust gas
contains alarge amount of heat energy. Calculation results indicate that during a normal
operation of a 30 mW biomass boiler turbine, the exhaust gas discharged from the
biomass boiler every hour carries approximately 6628500 kCal (equivalent to 7710 kW)
of heat energy; however, this part of heat energy carried by the exhaust gasis wasted
accompanying with the direct discharge of the exhaust gas. Furthermore, a large amount
of carbon dioxide in the exhaust gasis continuously released into the atmosphere, which

induces the global climate warming and the greenhouse effect.

[0003] On the other side, the continental climate characteristics are very obviousin China,

especially therelatively long winter season, cold weather, and scarce precipitation. Data



[0003] On the other side, the continental climte characteristics are very
obvious in China, especially the relatively |long wi nter season, cold

weat her, and scarce precipitation. Data show that the tenperature of
winter in China is 8-10C |l ower than that of other regions of the sane

| atitude in the world, winter climate lasts for 3-4 nonths in Yangtze River
region, for 4-5 nonths in North China, and for exceeding a half year in NE
and NWof China. To ensure the supply of vegetables in w nter, vegetable
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t he exhaust gas from a _ .
plant mainly uses the combustion of the agricultural and forestry waste for power

generation. Thus, the distributions of the vegetable greenhouse and the biomass power
plant are basically the same. A typical method to solve problems of the vegetable
production and the heat supply in winter includes introducing exhaust gas from the
biomass power plant directly into the vegetable greenhouse to facilitate the growth of the
vegetables by the exhaust heat and carbon dioxide. However, the exhaust gas contains a
small amount of poisonous carbon monoxide, which is a problem for the researchers to be

tackled.

SUMMARY OF THE INVENTION

[0005] In view of the above-described problems, it is one objective of the invention to
provide a method and a device for supplying heat energy and carbon dioxide for
vegetables and/or algae using exhaust gas from an electric power plant. The method and

the device of the invention target at comprehensively utilizing the exhaust gas from a



coal -fired power plant or biomass boiler to decrease the energy waste and
the environnental pollution resulting fromthe direct discharge of the
exhaust gas, and providing heat energy and carbon di oxide to neet the
required tenperature and the appropriate concentration of carbon dioxide
for the growth of the vegetables and/or al gae, thereby facilitating the
grom h of the vegetables and/or the al gae, shortening the growh cycle,
inmproving the yield in each area unit, |owering the production cost,
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comprising the following steps:

[0007] 1) introducing the exhaust gas from the electric power plant to a primary
heat exchanger via an exhaust gas supply pipeline to conduct afirst indirect heat
exchange between the exhaust gas and air from a heat supply system of a

vegetables greenhouse and/or a al gae culturing house whereby providing heated

air for the vegetabl es greenhouse and/or the algae culturing house;

[0008] 2) introducing part of the exhaust gas after the first indirect heat exchange
in thefirst heat exchanger to a secondary heat exchanger via an exhaust gas

transport pipeline to conduct a second indirect heat exchange between the exhaust
gas and outdoor air whereby further reducing atemperature of the exhaust gas for

facilitating adsorption of carbon dioxide;

[0009] 3) introducing the exhaust gas after the second indirect heat exchange in
the second heat exchanger to a CO» pressure swing adsorption device, separating
carbon dioxide from the exhaust gas and pumping carbon dioxide to a carbon

dioxide storage tank for storage; and



[ 0010] 4) supplying carbon dioxide fromthe carbon di oxide storage tank to
t he veget abl es greenhouse and/or a carbon-absorption tank of the al gae
culturing house during a growth period of vegetables and/or al gae. [0011]
As an inprovenent of the invention, in step 2), the outdoor air is heated
by the exhaust gas and is introduced to a tertiary heat exchanger for heat
exchange with circulating water of a warm water supply system of the

car bon-absorption tank to provide warmwater for the carbon-absorption
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the vegetables in each area unit is |ar gelI i ncreased.
from the electric power plant is between 110 and 140°C; atemperature of the exhaust gas

after the first indirect heat exchange in the first heat exchanger is between 80 and 90°C;
and atemperature of the heated air provided for the vegetabl e greenhouse and/or algae

culturing house is between 40 and 50°C.

[0013] Asan improvement of the invention, in step 2), atemperature of the exhaust gas
after the second indirect heat exchange in the second heat exchanger is between 50 and
60°C; atemperature of the outdoor air heated by the exhaust gas is between 40 and 50°C;

and awater temperature of the carbon-absorption tank is between 25 and 35°C.

[0014] As an improvement of the invention, in step 4), carbon dioxide is supplied once
every day at sunny time. A concentration of carbon dioxide in the vegetable greenhouseis
controlled at between 600 and 1200 ppm. The vegetable greenhouse is sealed for between
1.5 and 2.0 hours for supplying carbon dioxide, and then a ventilating opening thereof is
opened for removal of humidity. Thus, an appropriate carbon dioxide concentration is
provided for facilitating the growth of the vegetables so that the yield of the vegetablesin

each area unit is largely increased.

[0015] A device for supplying heat energy and carbon dioxide for vegetables and/or algae,



[ 0015] A device for supplying heat energy and carbon di oxide for vegetabl es
and/ or al gae, the device conprises: a draft fan, the exhaust gas supply

pi peline connected to the draft fan, the primary heat exchanger, the
exhaust gas transport pipeline connected to a chimey, the secondary heat
exchanger, the CO2 pressure swi ng adsorption device, and the carbon dioxide
storage tank. [0016] The primary heat exchanger enpl oys a shell-and-tube
heat exchanger conprising a gas inlet pipeline, a gas outlet pipeline, an
air inlet pipeline, and an_ air putlet pipelinpe. The gas inlet pipeline is
onnect odE 0B FREERHES A G 20uBE PY A rtBeR smels e R ea erted SelFET bl over
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house via a second presSure blower. The air outlet pipeline is connected to
an air ouhkesrbgn giekidaetoodgetdnk. heat supply system of the vegetable
greenhouse and/or the al gae culturing house. [0017] The secondary heat
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exchanger enpl oys a gas-liquid heat exchanger conprising an air inlet, an

ai r out | etegeable@reeniaise endion the tl gasclltueing hausear m wat er return end. The air
inlet is connected to a heated air output end of the heat pipe exchanger

via an ai i i Q'qsnﬁ j i ufh the air
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warmwater return end is connected to a water outlet of the

car bon- abasroptrinaumi dases ki thi the autdeay matviiaa vieduating pump. The exhaust gas input end

is connected to the exhaust gas transport pipeline viaa compressor. The exhaust gas
output end is connected to an input end of the CO> pressure swing adsorption device. An
output end of the CO> pressure swing adsorption device is connected to the carbon
dioxide storage tank via a vacuum pump. The carbon dioxide storage tank is connected to
the vegetables greenhouse and/or the carbon-absorption tank of the algae culturing house

viaa CO; transport pipe and a control valve disposed thereon.

[0018] As an improvement of the invention, the device of the invention further comprises
atertiary heat exchanger. The tertiary heat exchanger employs a gas-liquid heat
exchanger comprising an air inlet, an air outlet, awarm water output end, and awarm
water return end. The air inlet is connected to a heated air output end of the heat pipe

exchanger viaan air transport pipeline, and the air outlet communicates with the air via



[ 0019] The heat energy carried by the exhaust gas is extracted by the

i ndirect heat exchange between the exhaust gas and the air, and carbon

di oxide carried by the exhaust gas is extracted using the CO2 pressure

swi ng adsorption device. Advantages of the invention are summarized as
follows: [0020] First, the indirect heat exchange is used for supplying
heat for the vegetabl e greenhouse and/or the algae culturing house. Not
only does the waste heat in the exhaust gas is fully utilized to decreased
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di oxide in the exhaust gas are extracted by the vegetabl es and ot her
bi omass, inhentienaregymnaesized asfadllole envi ronnmental pollution resulted from
di rect di scharge of the exhaust gas is effectively prevented, and the

greenhouse ef gﬁgéo& Frsf Hg??ﬂi}?éc?ﬁeat BRALRSs uéea?%rko%@@lﬁ@ H&gped from the
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vegetable greenhouse and/or the algae culturing house. Not only does the waste

heat in the exhaust gasisfully utilized to decreased the operation cost of the heat
supply system, but also the consumption of the coal fuel for supplying heat is
effectively lowered thereby realizing the energy conservation. The indirect heat
exchangeis particularly applicable to the biomass power plant distributed close to

the agriculture production area.

[0021] Second, the carbon dioxide carried by the exhaust gas is extracted and
supplied to the vegetable greenhouse and/ or the carbon-absorption tank of the
algae culturing house, so that a small amount of the poisonous component in the
exhaust gasis prevented from polluting the vegetables and/ or the algae, the
growth of the vegetables and/ or the algae is greatly facilitated, and the problem of
the shortage of the winter vegetablesis solved.

[0022] Finally, after the waste heat and the carbon dioxide in the exhaust gas are
extracted by the vegetables and other biomass, the energy waste and the
environmental pollution resulted from direct discharge of the exhaust gasis
effectively prevented, and the greenhouse effect is alleviated. Besides, the
biomass produced from the vegetabl e greenhouse and the algae culturing house is

then used as the fuel of the power plant so that a beneficial cycleisformed.



then used as the fuel of the power plant so that a beneficial cycle is
formed. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0023] The invention is

descri bed hereinbelow with reference to the acconpanyi ng draw ngs, in
which: [0024] FIG1 is a structure diagramof a device for supplying heat
energy and carbon di oxi de for vegetables and/or algae; [0025] FIG2 is a
structure diagramof a primary heat exchanger in FIG 1,

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Theinvention is described hereinbelow with reference to the accompanying

drawings, in which:

[0024] FIG. lisastructure diagram of adevice for supplying heat energy and carbon
dioxide for vegetables and/or agae;

[0025] FIG. 2 isastructure diagram of aprimary heat exchanger in FIG, 1,
[0026] FIG. 3isastructure diagram of atertiary heat exchanger in FIG. 1; and

[0027] FIG 4 isastructure diagram of a CO> pressure swing adsorption devicein FIG, 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0028] Theinvention isfurther described hereinbelow combined with the drawings.

[0029] Asshown in FIGS. 1-4, adevice for supplying heat energy and carbon dioxide for
vegetables and/or algae comprises: first, adraft fan 3 and an exhaust gas supply pipeline
4 connected to the draft fan 3 for extracting the exhaust gas from the boiler of the
biomass power plant; second, an exhaust gas transport pipeline 1 connected to a chimney
2 for discharging the superfluous exhaust gas after the heat exchange treatment; third, a
primary heat exchanger 5, a secondary heat exchanger 12, and atertiary heat exchanger 8
for achieving the indirect heat exchange between the exhaust gas with the clean air and
the water for providing heat and warm water for the vegetable greenhouse 6 and the algae
culturing house 9; and fourth, a CO> pressure swing adsorption device 14 and a carbon
dioxide storage tank 16. The CO. pressure swing adsorption device 14 belongsto the
prior art using asilicagel or an activated carbon as an adsorbent. Carbon dioxide is

extracted by the CO- pressure swing adsorption device 14 by a pressure difference to be



[0026] FIG 3 is a structure diagramof a tertiary heat exchanger in FIG 1;
and [0027] FIG 4 is a structure diagramof a CO2 pressure sw ng adsorption
device in FIG 1. DETAI LED DESCRI PTI ON OF THE EVMBODI MENTS [ 0028] The
invention is further described herei nbel ow conbined with the draw ngs.
[0029] As shown in FIGS. 1-4, a device for supplying heat energy and carbon
di oxi de for vegetables and/or al gae conprises: first, a draft fan 3 and an
exhaust gas supply pipeline 4 connected to the draft fan 3 for extracting

t he exhaust fromthe boiler of the bio ower plant; second, an
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primary hea nger 5, a secondary heat exchanger 12, and a tertiary
heat exchanger 8 for achieving the indirect heat exchange between the
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pressure difference to be
exhaust gas transport pipeline 1. The air inlet pipeline 5.6 is connected to an air recycling
pipeline of the heat supply system of the vegetable greenhouse and/or the agae culturing
house via a second pressure blower 5.5. The air outlet pipeline 5.7 is connected to an air
outlet pipeline of the heat supply system of the vegetable greenhouse and/or the algae
culturing house. Thus, the air in the vegetable greenhouse and/or the algae culturing

house absorbs heat energy from the exhaust gas by the shell-and-tube heat exchanger 5.1
for supplying heat energy to the vegetables or the algae.

[0031] The secondary heat exchanger 12 employs a heat pipe exchanger comprising a
cold air input end, an exhaust gas input end, and an exhaust gas output end. The cold air
input end communicates with the outdoor air viaa circulating pump 13. The exhaust gas
input end is connected to a branch of the exhaust gas transport pipeline 1 viaa
compressor 11 for extracting one part of the exhaust gas after the treatment of the primary
heat exchanger 5 and cooling the exhaust gas to an appropriate temperature for the CO>
absorption. The exhaust gas output end is connected to an input end of the CO> pressure
swing adsorption device 14. An output end of the CO- pressure swing adsorption device
14 is connected to the carbon dioxide storage tank 16 via a vacuum pump 15. The carbon
dioxide storage tank 16 is connected to the vegetables greenhouse and/or the
carbon-absorption tank 10 of the agae culturing house viaa CO» transport pipe 7 and a
control valve 19 disposed thereon for replenishing carbon dioxide to the vegetables or the
algae. A CO» concentration detector 6.1 is arranged inside the vegetable greenhouse for

automatically controlling an opening or close of the control valve 19.



repl eni shed to a vegetabl e greenhouse 6 or a carbon-absorption tank 10 of
an al gae culturing house 9. [0030] The primary heat exchanger 5 enploys a
shel | -and-tube heat exchanger 5.1 conprising a gas inlet pipeline 5.3, a
gas outlet pipeline 5.4, an air inlet pipeline 5.6, and an air outl et
pipeline 5.7. The gas inlet pipeline 5.3 is connected to the exhaust gas
supply pipeline 4 via a first pressure blower 5.2. The gas outl et pipeline
5.4 is connected to the exhaust gas transport pipeline 1. The air inlet
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14. An output end of the CO2 pressure sw ng adsorption device 14 is
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transport pipe 7 and a control valve 19 disposed thereon for replenishing
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6.1 is arranged inside the vegetable greenhouse for automatically
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out put en¥PPly piReHAe é t@epndacta fitatiadirechheat exshapgewigathesh feass Bieperion t ank 10

i i reul ati 8 2 and th I ret d i
Connect ec PO HATE MEEDSR50StERS BT BSEE i O GHE 3518 AL S magnet | ¢

val ve 8. %eﬁEB‘H&até?nﬁ@f%&Pe‘B%@-%ofé Mﬁdi R:Etl)'F g&%pbr?eJ {0t jarovi de

constant warm wat er the ‘al'gae in e carbon=absorptiomn tank 10. The
car bon- abgesinbi drdifke di8ad &l tDA &Y hélBE 9Wbrt frod dingMea Tal e Oegetibh@ang e and a

wat er | evel sensor 8.5 for the automatic opening and cl osing of the
magnet i ¢ algdevEhédhedt sUpPlBEYktewasfadmstedfto tdmeroli heivegetélbe geapbdyse aba heat ener gy
and carbon di oxide for vegetables and/or algae is as follows:

temperature of 20-28°C in daytime and a temperature of 14-18°C at night to meet the

requirement of fast growth of the vegetables.

[0035] 2) A temperature of the exhaust gas after the heat exchange by the shell-and-tube
heat exchanger 5.1 was 80-90°C. One part of the exhaust gas was discharged from the
chimney 2 through the exhaust gas transport pipeline 1. The other part of the exhaust gas

was transported to the heat pipe exchanger 12 under the action of the compressor 11



[0034] 1) exhaust gas having a tenperature of 110-140C from a power plant
was extracted by the draft fan 3 to the shell-and-tube heat exchanger 5.1
via the exhaust gas supply pipeline 4 to conduct a first indirect heat
exchange with the air fromthe heat supply systemof the vegetable
greenhouse 6 and the algae culturing house 9. The air was heated to a
tenperature of 40-50C and was directly transported to the vegetable
greenhouse 6 and the al gae culturing house 9 for providing heat for the

e 0P e S RN 2P SR SRR Rt
i - i . h of
TP oL e Al e e U TSl g

exchange ¥ tbfiger&Rd dfsBrah-tube heat exchanger 5.1 was 80-90C. One part of
t he exhaust gas was di scharged fromthe chimey 2 through the exhaust gas

the noat 190H BB s e At dbe PRed ol et PPA X ERGY S00A 211t hr ough
neat  excrangR o T o hD i e VERPORRL o (0 0% e e g SRR RAcR = econ

out door aj4 THEED)Prisafle 0ing HEMMAIAIeVIcE 121154089 Fea fDBBAL Bl valdie exhaust

gas after the treatnent by the heat pipe exchanger 12 had a tenperature of
50- 60C anchrhunssian absopment. €tirtion di dredeCUas gxtrastsd tedes theaigteadistentpiariaiedevi ce 14.
The CO2 pressure swi ng adsorption device 14 used the silica gel or the
act i vat edPresHigand yes ansppget %éh@?af@%@ﬁdﬁHQWG@Wé§ fertorage Rtthander t he
intermttent vari aalse pressure and was transported to the carbon dioxide
storage t4RUTBYBr st orage by the vacuum punp 15. [0037] 4) The out door
air after being heated by the heat pipe exchanger 12 was transported

t hr ough t[0634i4) Theauosipordir #itgp bking bed&d hyotha hgat pipa exanahgenid wact heat
exchanger 8.1 for heat exchange with the circulating water of the warm

wat er suppnpoeiesitlieudt thelpls taasoi paise A piq aeesliawkd indirect heat\R4een0e enper at ur e
of the c n-absorption.tank .10 S intained at 25-35C for facilitatin
Che or owthL B TEAEERpaew AR o Ehialing wales L Bk B s Zior Y mistimp e vel
sensor 8. r i r | evel
h the APt piBRth ok BN e EpiB e r PSRRI o 1R 19ET | S22
and the Wabififailef \6ED5-BSREAE FocRitRIRIIRE glofMebf, the BIgadIertiB @dnhserfdve\sensBr §4ar r anged
on the circulating water pipeline of the carbon-absorption tank 10 was

cl osed, aand thdwwatgalevdlisgusod8 bntre eset theahitetbdaagerenperbiumaandthop@id f r om
operation. Wien the water tenperature was |owered to 25C, the magnetic

val ve 8. 3ewpéntg caman-eheorpion-tankgld. dVhendihe water teaperabike Feapheei358C andthgrt ed to

work agal vr\}éter level reached a preset level, the magnetic valve 8.3 arranged on the circulating

water pipeline of the carbon-absorption tank 10 was closed, and the gas-liquid indirect
heat exchanger 8.1 was stopped from operation. When the water temperature was lowered
to 25°C, the magnetic valve 8.3 opened and the gas-liquid indirect heat exchanger 8.1
started to work again.

[0038] 5) During the growth cycle of the vegetables and the algae, carbon dioxide in the
CO: storage tank was replenished to the vegetable greenhouse 6 and the
carbon-absorption tank 10 of the algae culturing house 9 according to the demand. For
the vegetable greenhouse 6, carbon dioxide was replenished once in sunny period every

day. The CO» concentration detector 6.1 was used to real time monitor the CO>

10



[0038] 5) During the growth cycle of the vegetabl es and the al gae, carbon
dioxide in the CO2 storage tank was replenished to the vegetabl e greenhouse
6 and the carbon-absorption tank 10 of the al gae culturing house 9
according to the demand. For the vegetabl e greenhouse 6, carbon di oxi de was
repl eni shed once in sunny period every day. The CO2 concentration detector
6.1 was used to real tinme nonitor the CO2 concentration in the vegetable
greenhouse 6, and the CO2 concentration therein was controlled within a

f 800- 1000 b i i | osi ng. of . th trol val
16 a1 ercontgn P el B o] e - Rl i heRh WRnt [ ating

openi ng : . sl : j i a smal |
opent 9, S BREIGAh 3 EREEY Sod BSod i B o BB Wkl R0
utilizi ngvd\rerNRaer BB QEEH e&%béﬁw&#c@é@e@ﬁ)rflwﬁbtmﬁaﬁww%beﬂ? of the

bi omass power plant, the yield per unit area of the cucunber and the celery
wer e i nprwasgpebsd tBBerévesthe h@8Ldey, Froes pecdl iivatioy of a Gnal h&cHiof Vegatblesd f or
suppl yi ng heat energy and carbon di oxi de for vegetabl es and/ or al gae using

exhaust ¢a6h £s @ieuEREANE Selent: itRknown Het by viHizingtha beet eoerpl Al easbahe

O S0, e e b S b U S50 e, P!
conduct %JCP%B&*?%J%&%%e i legg%_%% dohe gas and air from

a heat supply System s’ greenhousé and/or a -al gae cul turing
house whereby providing heated air for the vegetabl es greenhouse and/or the
al gae cul turing house;

11



2) introducing part of the exhaust gas after the first indirect heat
exchange in the first heat exchanger to a secondary heat exchanger via an
exhaust gas transport pipeline to conduct a second indirect heat exchange
bet ween t he exhaust gas and outdoor air whereby further reducing a
tenperature of the exhaust gas for facilitating adsorption of carbon

di oxi de; 3) introducing the exhaust gas after the second indirect heat
exchange in the second heat exchanger to a CO2 pressure sw ng adsorption
devi ce, separating carbon dioxide fromthe exhaust gas and punping carbon
di oxi de to a carbon di oxi de storage tank for storage; and 4) supplying
carbon dioxide fromthe carbon di oxide storage tank to the vegetabl es
greenhouse and/or a carbon-absorptign h@gk of the algae culturing house
during a growth period of vegetable aldPor al gae. 2. The nethod of claim
1, characterized in that in step 2), the outdoor air is heated by the
exhaust gas and is introduced to a tertiary heat exchanger for heat
exchange with circul ating water of a warm water supply system of the

car bon- absonpt, ' . tion
tank. 3. hé%ngﬁﬁﬂoﬁ?%ﬁpﬁeﬁgg%&%b@%g , char aﬁ%%%fggoﬁe@[]%t%ﬁ?@@%eg 1), a

t enper at ur e yghg bXRUSXASHEM dBhafectTQIBWn Blafi, BfelmétRodP&ri sigahé fdllIpwhef ween 110
and 140C;, a tenperature of the exhaust gas after the first indirect heat

exchange instehbe first heat exchanger is between 80 and 90C, and a
tenperature of the heated air provided for the vegetabl e greenhouse and/ or

al gae cul't uﬁj ']Htr&RJéﬁ@ thée%%%gg'fré‘iﬂ tli?é@eér%:power plant to a primary heat
exchanger viaan exhaust gas supply pipeline to conduct afirst indirect heat
exchange between the exhaust gas and air from a heat supply system of a
vegetables greenhouse and/or a algae culturing house whereby providing heated

air for the vegetables greenhouse and/or the agae culturing house;

2) introducing part of the exhaust gas after the first indirect heat exchange in the first
heat exchanger to a secondary heat exchanger via an exhaust gas transport
pipeline to conduct a second indirect heat exchange between the exhaust gas and
outdoor air whereby further reducing a temperature of the exhaust gas for

facilitating adsorption of carbon dioxide;

3) introducing the exhaust gas after the second indirect heat exchange in the second
heat exchanger to a CO: pressure swing adsorption device, separating carbon
dioxide from the exhaust gas and pumping carbon dioxide to a carbon dioxide

storage tank for storage; and

4) supplying carbon dioxide from the carbon dioxide storage tank to the vegetables
greenhouse and/or a carbon-absorption tank of the al gae culturing house during a

growth period of vegetables and/or algae.

12



4. The nmethod of claim2, characterized in that in step 2), a tenperature
of the exhaust gas after the second indirect heat exchange in the second
heat exchanger is between 50 and 60C, a tenperature of the outdoor air
heated by the exhaust gas is between 40 and 50C, and a water tenperature of
t he carbon-absorption tank is between 25 and 35C. 5. The nethod of claim1
or 2, characterized in that in step 4), carbon dioxide is supplied once
every day at sunny tine; a concentration of carbon dioxide in the vegetable

reenhous tro | ed at between 60 nd 12 t he. vege | e
gr eenhousi LI_E‘ E@g] Q(ﬁ’ Flgim eq%@qﬁeriz%i|ag@§2n§teﬂgggrgg%go%%b§@qa£§%ar bon
di oxi de, val of
hum dity. G%é,éiﬁew %éé%ﬂg;glgﬁb&%ﬁ%g%eg%{& “iﬁr?érg’@haﬂ‘ﬁ?&ﬂ@z‘?@ ﬁngél e for
veget abl es  giélll @ngaldaef asiane de s[]ﬁél?@?sté?ﬁ of:ihélc&bén ab&eptithkeoconpr i si ng
a draft fan (3), the exhaust gas supply pipeline (4) connected to the draft
fan (3), thergvidevearm baeatfoethelcanhbgesabsdtionttadk. exhaust gas transport pipeline

(1) connected to a chimey (2), the secondary heat exchanger (12), the CO»2
pressure swi ng adsorption device (14), and the carbon di oxi de storage tank

(16), characterized in that the primry heat exchanger (5) enploys a
shel | - and-tube heat exchanger (5.1) conprising gas inlet pipeline (5.3),
a gas outd eﬂ'hﬁﬂmoﬂr@éd@ﬁnlpr 2 aé@Q{e”Zﬂdéﬂ t'ibﬁltpélsﬁeﬁ ) (asereperaﬁufftpféhe air outlet

| 57 th et. | dtot h t
ae supply BrEMRESTBRNG Paic Pol AR sty g B TE LS5 ettt oot
pipel e (Syiloda FORRE Al kb ShabBf, HESPIREL tex@daﬂg 5e (D). he

air inlet plpe I ne IS connec 0 an-air recycling pipeline of the
heat suppl ypavebeso aid §die; W&eﬁr@b@t@é StRE ALl ANshodided i tidd \@aeralslel t uri ng
house via a second pressure blower (5.5), and the air outlet pipeline (5.7)
i S connect edreeohare and/or@ddeetl tyi nodiouss sbetwiebie 40 aad 5ECppl y syst em of the
veget abl e greenhouse and/ or the al gae culturing house; t he secondary
heat exchanger (12) enploys a heat pipe exchanger conprising a cold air

i nput end an exhaust gas input end, and an exhaust gas output end, the
cold air gut end communi cat es mnth the outdoor air via a C|rculat|ng punp

(13), heto hamethog@échaﬂ@atcf@h@pterszeéidﬁrﬁb@ttl@éftep@) t&i@m@é‘(ﬁétﬁqf teeexhewsins por t

i | 1 th t t t ed

PoPan | nput Dty feRanea s bienaeit MasbarpTRg s S Bupdh an out put
d of th th

carbon i ox 08" ﬁ‘%?iéi@@fﬁ“?f@ﬁﬁ%gédﬁ@ae%“% ha Bt GEIIRRREA 0 | T

di oxi de st opg@soCaBkd & Weder tefn féﬁéfﬂ?@@fﬂh@!cér@oh%@sovﬁuﬂttaﬂdl%e&fe@?w%e and/ or
t he carbon-absor pt| on tank (10) of the algae culturing house via a CO2

transport pBR¥.(7) and a control valve (19) disposed thereon.

5. Themethod of claim 1 or 2, characterized in that in step 4), carbon dioxideis
supplied once every day at sunny time; a concentration of carbon dioxide in the
vegetable greenhouse is controlled at between 600 and 1200 ppm; the vegetable
greenhouse is sealed for between 1.5 and 2.0 hours for supplying carbon dioxide, and

then a ventilating opening thereof is opened for removal of humidity.

6. A devicefor supplying heat energy and carbon dioxide for vegetables and/or algae

using the method of claim 1, the device comprising a draft fan (3), the exhaust gas

13



7. The device of claim6, further conprising a tertiary heat exchanger (8),
characterized in that the tertiary heat exchanger (8) enploys a gas-liquid
heat exchanger conprising an air inlet, an air outlet, a warm water output
end, and a warmwater return end; the air inlet is connected to a heated
air output end of the heat pipe exchanger via an air transport pipeline
(17), the air outlet comrunicates with the air via an exhaust pipeline
(18), the warmwater output end is connected to a water inlet of the

ooy nat o PR AP LR TaS AR L 06 U B o S 17
bon- ab ' ) M ' : h i f
ciaim 7 oneRibide e BinetheihoSRREATa HRIHEY (e coingalfied ¥ 70, e
Wi th a tenpexdakge (B5NHeCd, présurdBring alsdrBion ®VRe (89Na@rthé &rbon

dioxide storage tank (16), characterized in that

the primary heat exchanger (5) employs a shell-and-tube heat exchanger (5.1)
comprising agasinlet pipeline (5.3), agas outlet pipeline (5.4), an air inlet pipeline
(5.6), and an air outlet pipeline (5.7); the gasinlet pipeline (5.3) is connected to the
exhaust gas supply pipeline (4) viaafirst pressure blower (5.2), the gas outlet
pipeline (5.4) is connected to the exhaust gas transport pipeline (1), theair inlet
pipeline (5.6) is connected to an air recycling pipeline of the heat supply system of
the vegetable greenhouse and/or the algae culturing house via a second pressure
blower (5.5), and the air outlet pipeline (5.7) is connected to an air outlet pipeline of
the heat supply system of the vegetable greenhouse and/or the algae culturing house;

the secondary heat exchanger (12) employs a heat pipe exchanger comprising
acold air input end, an exhaust gas input end, and an exhaust gas output end, the cold
air input end communicates with the outdoor air viaacirculating pump (13), the
exhaust gas input end is connected to the exhaust gas transport pipeline (1) viaa
compressor (11), the exhaust gas output end is connected to an input end of the CO>
pressure swing adsorption device (14), an output end of the CO- pressure swing
adsorption device (14) is connected to the carbon dioxide storage tank (16) viaa
vacuum pump (15), and the carbon dioxide storage tank (16) is connected to the
vegetables greenhouse and/or the carbon-absorption tank (10) of the algae culturing

house viaa CO; transport pipe (7) and a control valve (19) disposed thereon.

7. Thedevice of claim 6, further comprising atertiary heat exchanger (8),

characterized in that the tertiary heat exchanger (8) employs a gas-liquid heat

14



exchanger comprising an air inlet, an air outlet, awarm water output end, and awarm
water return end; the air inlet is connected to a heated air output end of the heat pipe
exchanger viaan air transport pipeline (17), the air outlet communicates with the air
viaan exhaust pipeline (18), the warm water output end is connected to awater inlet
of the carbon-absorption tank (10) viaa circulating water pump (8.2), and the warm
water return end is connected to awater outlet of the carbon-absorption tank (10) via

amagnetic valve (8.3).

. Thedeviceof clam 7, characterized in that the carbon-absorption tank (10) is

provided with atemperature sensor (8.4) and awater level sensor (8.5).
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