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(57) ABSTRACT

A microalgae cultivation module for carbon reduction and
biomass production is provided, which includes a first pho-
tobioreactor set, a second photobioreactor set, a gas switching
device and a control unit. The gas switching device is com-
municated to the first and the second photobioreactor sets.
The control unit is coupled to and controls the gas switching
device, thereby aerating a waste gas into the first photobiore-
actor set and aerating air into the second photobioreactor set
for a first predetermined time, then aerating the waste gas into
the second photobioreactor set and aerating the air into the
first photobioreactor set fora second predetermined time. The
first and the second photobioreactor sets include a microalgae
species.
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MICROALGAE CULTIVATION MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 100137168, filed on Sep. 6, 2011.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a microalgae cultivation
module and more particularly to a microalgae cultivation
module for carbon reduction and biomass production.
[0004] 2. Description of Related Art

[0005] In recent years, the world has been facing severe
impact on environment and ecology deteriorated by green-
house effect. The carbon emission of each person per year in
Taiwan is more than four times of the average carbon emis-
sion of each person in the world. Thus, it is important to
reduce the carbon dioxide (CO,) emission generated from
households and industries effectively.

[0006] A common CO, fixation method includes a chemi-
cal absorption method, a physical storage method, and a
biological carbon fixation method. The biological carbon
fixation method comprises methods such as afforestation,
microalgae cultivation, and so on. Here, the technique using
microalgae cultivation to reduce CO, is one of the most effi-
cient biological carbon fixation methods, where the carbon
fixation effect thereof can be dozens of times of that in affor-
estation. Microalgae have a compact volume, high photosyn-
thesis efficiency, high growth rate, and can be easily culti-
vated. The microalgae obtained from the cultivation are not
only adopted as food or nutrient additives, but are also used as
araw material for bioenergy. Microalgae thus have high prac-
tical application value.

[0007] However, although the efficiency of carbon fixation
by microalgae is high, when the concentration of CO, in the
waste gas exceeds the tolerance level of the microalgae spe-
cies, microalgae then often result in growth retardation or
death. In addition, in the microalgae cultivation module in an
outdoor field, poor design of the photobioreactors and the
cultivation module usually leads to poor growth of the
microalgae species and inefficient contact of the microalgae
species to CO,, so that a large scale carbon reduction with
high efficiency can not be achieved. Accordingly, the devel-
opment of a microalgae cultivation module with higher effi-
ciency and capable of achieving carbon reduction with high
efficiency and high density cultivation has to be carried out.

SUMMARY OF THE INVENTION

[0008] Theinvention is directed to a microalgae cultivation
module for carbon reduction with high efficiency and high
density cultivation.

[0009] Theinvention is directed to a microalgae cultivation
module including a first photobioreactor set, a second photo-
bioreactor set, a gas switching device, and a control unit. The
gas switching device communicates to the first photobioreac-
tor set and the second photobioreactor set. The control unit is
coupled to and controls the gas switching device so as to
aerate a waste gas into the first photobioreactor set and aerate
air into the second photobioreactor set for a first predeter-
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mined time, and aerate the waste gas into the second photo-
bioreactor set and aerate the air into the first photobioreactor
set for a second predetermined time. Herein, the first photo-
bioreactor set and the second photobioreactor set include a
microalgae species.

[0010] According to an embodiment of the invention, the
gas switching device includes a gas switcher communicating
to the first photobioreactor set and the second photobioreactor
set.

[0011] According to an embodiment of the invention, the
gas switching device includes a first gas switcher and a sec-
ond gas switcher. The first gas switcher communicates to the
first photobioreactor set and the second gas switcher commu-
nicates to the second photobioreactor set.

[0012] According to an embodiment of the invention, the
first photobioreactor set and the second photobioreactor set
respectively include, for example, at least one photobioreac-
tor.

[0013] According to an embodiment of the invention, the
first photobioreactor set and the second photobioreactor set
respectively include a photobioreactor array constituted by a
plurality of photobioreactors connected in parallel, for
example.

[0014] According to an embodiment of the invention, the
microalgae cultivation module further includes an air supply
device directly or indirectly communicates to the first photo-
bioreactor set and the second photobioreactor set.

[0015] According to an embodiment of the invention, the
microalgae cultivation module further includes a waste gas
supply device communicating to the gas switching device.
[0016] According to an embodiment of the invention, the
microalgae cultivation module further includes a desulfuriza-
tion device configured to remove a sulfur containing gas in the
waste gas before the waste gas is supplied to the first photo-
bioreactor set and the second photobioreactor set.

[0017] According to an embodiment of the invention, the
microalgae cultivation module further includes a sensor sys-
tem configured to detect a content of at least one gaseous
component in the first photobioreactor set and the second
photobioreactor set.

[0018] According to an embodiment of the invention, the
control unit controls a switching method of the gas switching
deviceina continuous time series generated by alternating the
first predetermined time and the second predetermined time.
[0019] Inlight of the foregoing, by disposing two photo-
bioreactor sets in the microalgae cultivation module in coop-
eration with the gas switching device operated using the
control unit in the invention, the waste gas and air can be
aerated into each photobioreactor set alternately. This inter-
mittent gas supply method prevents poor growth of the
microalgae species resulted from contacting the waste gas
containing highly concentrated carbon dioxide for too long.
Also, the waste gas can be aerated into the microalgae culti-
vation module continuously for carbon reduction while
achieving carbon reduction with high efficiency and microal-
gae cultivation with high density.

[0020] In order to make the aforementioned and other fea-
tures and advantages of the invention more comprehensible,
several embodiments accompanied with figures are described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
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stitute a part of this specification. The drawings illustrate
embodiments and, together with the description, serve to
explain the principles of the invention.

[0022] FIG.1is aschematic diagramillustrating a microal-
gae cultivation module according to one embodiment of the
invention.

[0023] FIG.2is aschematic diagram illustrating a microal-
gae cultivation module according to another embodiment of
the invention.

DESCRIPTION OF EMBODIMENTS

[0024] FIG.1is aschematic diagramillustrating a microal-
gae cultivation module according to one embodiment of the
invention.

[0025] Referring to FIG. 1, a microalgae cultivation mod-
ule 100 in the invention includes a first photobioreactor set
110, a second photobioreactor set 120, a gas switching device
142, and a control unit 150. Here, the first photobioreactor set
110 and the second photobioreactor set 120 include a
microalgae species 112 for carbon fixation. The microalgae
cultivation module 100 can undergo large scale carbon reduc-
tion and microalgae cultivation in an outdoor field.

[0026] The strain of the microalgae species 112 includes,
for example, Chlorella, Nannochloropsis, Spirulina, Isochry-
sis, Synechococcus, or Haematococcus. The microalgae spe-
cies 112 is favorably a strain having higher tolerance to meth-
ane (CH,) and carbon dioxide (CO,).

[0027] The first photobioreactor set 110 can be an array
constituted by a plurality of photobioreactors 106 connected
in parallel. The second photobioreactor set 120 can be an
array constituted by a plurality of photobioreactors 108 con-
nected in parallel. However, the invention is not limited
thereto. In other embodiments, the first photobioreactor set
110 and the second photobioreactor set 120 can also have
other arrangements, for instance, the photobioreactors can be
connected in series or connected in series and in parallel.
Additionally, the number of the photobioreactors 106 and the
photobioreactors 108 are respectively 2 to 100, for example.
The number of the photobioreactors is not specified particu-
larly and can be adjusted depending on needs.

[0028] The photobioreactors 106 and the photobioreactors
108 are, for instance, airlift photobioreactors. An illumination
source of the photobioreactors 106 is, for example, solar light
or an artificial light source such as fluorescent lamps, light
emitting diodes, and so on. The airlift photobioreactors are,
for example, enclosed bioreactors having a shape of a hollow
cylinder and with superior light permeability. The airlift pho-
tobioreactors can be used to store an incubation solution for
incubating the microalgae species. A bottom of each of the
bioreactors has one or more inlets and is disposed with a
device for miniaturizing gas. A top of each of the bioreactors
can be enclosed and disposed with a gas collection hole. For
example, gases collected in the photobioreactor set can be
transported to a gas collection device 192 through the gas
collection hole to undergo a subsequent gas exhaustion or
utilization.

[0029] The gas switching device 142 includes a first gas
switcher 130 and a second gas switcher 140; however, the
invention is not limited thereto. The first gas switcher 130
communicates to the first photobioreactor set 110 and the
second gas switcher 140 communicates to the second photo-
bioreactor set 120. The first gas switcher 130 has an outlet end
a, aninlet end b, and an inlet end ¢, for instance. The outletend
a communicates to the first photobioreactor set 110. The inlet
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end b and the inlet end c communicate to an air supply device
160 and a waste gas supply device 170 respectively. The
second gas switcher 140 has an outlet end d, an inletend e, and
an inlet end £, for instance. The outlet end d communicates to
the second photobioreactor set 120. The inlet end e and the
inlet end f communicate to an air supply device 160 and a
waste gas supply device 170 respectively. The first gas
switcher 130 and the second gas switcher 140 are electromag-
netic automatic gas switching devices, for instance. Never-
theless, the invention is not limited thereto, the first gas
switcher 130 and the second gas switcher 140 can also be gas
switching devices of other structures known to those with
common knowledge in the art.

[0030] The control unit 150 is coupled to and controls the
gas switching device 142 so as to aerate a waste gas into the
first photobioreactor set 110 and aerate air into the second
photobioreactor set 120 for a first predetermined time, and
aerate the waste gas into the second photobioreactor set 120
and aerate air into the first photobioreactor set 110 for a
second predetermined time. The control unit 150 is, for
example, a computer or a timer control unit; however, the
invention is not limited thereto.

[0031] The control unit 150 controls a switching method of
the gas switching device 142 in a continuous time series
generated by alternating the first predetermined time and the
second predetermined time. The first predetermined time and
the second predetermined time are respectively 30 minutes,
for example. Nonetheless, the length of the first predeter-
mined time and the second predetermined time can be the
same or different, and can be adjusted depending on needs.
[0032] The microalgae cultivation module 100 further
includes the air supply device 160. The air supply device 160
includes an air supplier 162 and an air supplier 164. The air
supplier 162 communicates to the inlet end b of the first gas
switcher 130. The air supplier 164 communicates to the inlet
end e of the second gas switcher 140. Accordingly, the first
gas switcher 130 and the second gas switcher 140 indirectly
communicates the air supply device 160 to the first photo-
bioreactor set 110 and the second photobioreactor set 120 so
as to supply air to the first photobioreactor set 110 and the
second photobioreactor set 120. The air supplier 162 and the
air supplier 164 are air compressors, for example. However,
the invention is not limited thereto. In the present embodi-
ment, the air supplier 162 and the air supplier 164 supply air
to the first photobioreactor set 110 and the second photobiore-
actor set 120 respectively forillustration. However, the inven-
tion is not limited thereto. In other embodiments, the air
supply device 160 can only include one air supplier, where
this single air supplier supplies air to the first photobioreactor
set 110 and the second photobioreactor set 120.

[0033] The microalgae cultivation module 100 further
includes the waste gas supply device 170 which communi-
cates to the inlet end c of the first gas switcher 130 and the
inlet end f of the second gas switcher 140. Accordingly, the
waste gas is supplied to the first photobioreactor set 110 and
the second photobioreactor set 120. The waste gas supply
device 170, for example, is a single water gas blower capable
of supplying the waste gas to the first photobioreactor set 110
and the second photobioreactor set 120 respectively; how-
ever, the inventionis not limited thereto. The waste gas supply
device 170 can also include a plurality of waste gas blowers
for supplying the waste gas to the first photobioreactor set 110
and the second photobioreactor set 120 respectively. The
waste gas can be biogas, biogas after desulfurization, biogas
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after desulfurization mixed with air, or waste gases generated
from various households and industries.

[0034] Moreover, the microalgae cultivation module 100
further includes a desulfurization device 180 configured to
remove a sulfur containing gas in the waste gas before the
waste gas is supplied to the first photobioreactor set 110 and
the second photobioreactor set 120. The sulfur containing gas
is hydrogen sulfide (H,S), for example. Since H, S inhibits the
growth of the microalgae species, when processing a waste
gas containing H,S, such as biogas from a livestock farm, the
concentration of H,S in the waste gas must be decreased
using the desulfurization device 180. Here, the concentration
is decreased to less than 100 ppm favorably.

[0035] The desulfurization device 180 is disposed between
the waste gas supply device 170 and a waste gas source 102,
so that a waste gas generated from the waste gas source 102
passes through the desulfurization device 180 first to remove
the sulfur containing gas. The processed waste gas is then
transported to the waste gas supply device 170 and is supplied
to the first photobioreactor set 110 and the second photobiore-
actor set 120 through the first gas switcher 130 and the second
gas switcher 140 respectively. In practice, the disposition of
the waste gas supply device 170 and the desulfurization
device 180 is not limited thereto.

[0036] Moreover, the microalgae cultivation module 100
further includes a sensor system 190. As shown in FIG. 1, the
sensor system 190 includes a host 124, a wiring 122, and a
plurality of sensors 104. The sensors 104 are disposed close to
the gas collection hole of each of the photobioreactors 106
and the photobioreactors 108 to detect a content ofatleast one
gaseous component in the first photobioreactor set 110 and
the second photobioreactor set 120. The wiring 122 couples
1o each of the sensors 104 to transmit the information sensed
by the sensors 104 to the host 124 for subsequent analysis.
The host 124 is, for instance, a gas detector. Nonetheless, the
invention is not limited thereto. In practice, the sensor system
190 can also be in other modes. The at least one gaseous
component is methane (CH,), carbon dioxide (CO,), hydro-
gen sulfide (H,S), and a combination thereof, for example.
The sensor system 190 monitors and records various gaseous
components in the photobioreactors to evaluate the perfor-
mance of each of the photobioreactors or each of the photo-
bioreactor sets.

[0037] Accordingly, by disposing two photobioreactor sets
in the microalgae cultivation module in cooperation with the
gas switching device operated using the control unit in the
invention, the waste gas and air can be aerated into each
photobioreactor set alternately. This intermittent gas supply
method prevents poor growth of the microalgae species
resulted from contacting the waste gas containing highly
concentrated carbon dioxide for too long. Also, the waste gas
can be aerated into the microalgae cultivation module con-
tinuously for carbon reduction while achieving carbon reduc-
tion with high efficiency and microalgae cultivation with high
density.

[0038] FIG.2is aschematic diagram illustrating a microal-
gae cultivation module according to another embodiment of
the invention.

[0039] Referring to FIG. 2, a microalgae cultivation mod-
ule 200 in the invention includes a first photobioreactor set
110, a second photobioreactor set 120, a gas switching device
142, and a control unit 150. Here, the first photobioreactor set
110 and the second photobioreactor set 120 include a
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microalgae species 112 for carbon fixation. An air supply
device 160 includes an air supplier 162 and an air supplier
164.

[0040] The present embodiment is different from the afore-
mentioned embodiment in that the gas switching device 142
is merely a gas switcher having an inlet end g, an outlet end h,
and an outlet end i, for example. The outlet end h communi-
cates to the first photobioreactor set 110. The outlet end 1
communicates to the second photobioreactor set 120. The
inlet end g communicated to a waste gas supply device 170.
However, the invention is not limited thereto.

[0041] Incooperation with a communication method of the
gas switching device 142, the waste gas supply device 170,
the first photobioreactor set 110, and the second photobiore-
actor set 120 in the present embodiment, the air supplier 162
directly communicates to the first photobioreactor set 110 and
the air supplier 164 directly communicates to the second
photobioreactor set 120 in the present embodiment. There-
fore, air can be supplied to the first photobioreactor set 110
and the second photobioreactor set 120 without utilizing the
gas switching device 142.

[0042] Moreover, the technical contents, device structures,
characteristics and functions of the microalgae cultivation
module provided in the present embodiment are described in
details in the embodiment aforementioned and thus not reit-
erated hereinafter.

[0043] An operation method and functions of the microal-
gae cultivation module in the invention are illustrated in
details in the following.

[0044] Accordingly, in the device of the invention, a pho-
tobioreactor set is constituted by a plurality of photobioreac-
tors connected in parallel. A plurality of photobioreactor sets
then constitutes a microalgae cultivation module. A microal-
gae cultivation is then carried out in an outdoor field. For
example, the microalgae are used for decreasing the concen-
tration of CO, in desulfurized biogas in a wastewater fermen-
tation tank of a livestock farm. In one experimental example,
a photobioreactor set is communicated to a timer-automatic
gas switching device. Here, an inlet end of the gas switching
device communicates to a desulfurized biogas collection bag
or an air compressor. An outlet end of the gas switching
device communicates to an inlet of the photobioreactor. Then,
the gas switching device is operated for 8 hours (from 9:00 to
17:00) continuously in daytime with sunshine using an inter-
mittent supply method, for example, to exchange the gas
supply every 30 minutes so as to direct the desulfurized bio-
gas from the livestock farm and air into the photobioreactors
containing the microalgae alternately. That is, when the sup-
ply of the desulfurized biogas has stopped, the gas switching
device then switches and directs air into the photobioreactors
so as to maintain the fluctuation of the microalgae cultivation
solution in the photobioreactors. In addition, since biogas and
air are supplied alternately in a continuous manner, CO, in
biogas is first dissolved and absorbed by the incubation solu-
tion in the photobioreactors, where air is then switched to for
the microalgae in the photobioreactors to have sufficient time
and metabolize the CO, dissolved in the incubation solution.
This method is referred as an intermittent biogas aeration
cultivation method. In this experimental example, the CO,
content in the desulfurized biogas is measured to be about
25% at the inlet end before the processing. However, after 8
hours of processing in the photobioreactors containing the
microalgae, the CO, content measured at the outlet end is
reduced to about 12%. In other words, using the intermittent
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aeration method, the efficiency of removing CO, in biogas by
the microalgae consistently can be maintained to be higher
than 50%. However, when the desulfurized biogas is directed
into the photobioreactor set in a single continuous aeration
method (that is, aerating the desulfurized biogas into the
photobioreactors containing the microalgae directly for 8
hours of processing), the efficiency of removing CO, in bio-
gas is only about 10%. In terms of the growth of the microal-
gae species, in the present experimental example, when an 8
hour processing is performed during daylight, a growth rate
of the microalgae reaches more than 0.25 g/L/d when the
microalgae cultivation is performed for 5 continuous days
(from 9:00 to 17:00) with intermittent aeration. This value is
double of a growth rate of the microalgae cultivated using the
single continuous aeration method.

[0045] In summary, by disposing two photobioreactor sets
in the microalgae cultivation module in cooperation with the
gas switching device operated using the control unit in the
invention, the waste gas for carbon reduction and air can be
aerated into each photobioreactor set alternately. The photo-
bioreactors having the waste gas aerated in then absorbs and
dissolves CO,. The photobioreactors aerated with air then
perform carbon fixation for the microalgae species to metabo-
lize CO,. With these alternating processes, poor growth of the
microalgae species resulted from contacting the waste gas
containing highly concentrated CO, for too long is prevented.
Also, the waste gas can be aerated into the microalgae culti-
vation module continuously for carbon reduction while
achieving carbon reduction with high efficiency and microal-
gae cultivation with high density.

[0046] Further, the microalgae cultivation module in the
invention not only lowers the CO, content in the waste gas,
but also increases the purity of CH, in the waste gas, thereby
facilitating the efficiency of applying the waste gas after
carbon reduction in combustion or power generation subse-
quently.

[0047] Also, the fat in the cultivated microalgae species
undergoes transesterification to become biodiesel. The car-
bohydrate (including cellulose) in the microalgae species is a
raw material for manufacturing bioethanol and can thus be
applied in the biomass industry. Moreover, since the cells in
the microalgae species are rich in protein, fatty acids, and
vitamins, the microalgae species can be applied in live feed,
livestock feed additive, food additive, and so on, and have
high economical value.

[0048] 1t will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the disclosed embodiments without departing from the
scope or spirit of the invention. In view of the foregoing, it is
intended that the invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.
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What is claimed is:
1. A microalgae cultivation module, comprising:
a first photobioreactor set;
a second photobioreactor set;
a gas switching device communicating to the first photo-
bioreactor set and the second photobioreactor set; and
a control unit coupled to and controlling the gas switching
device so as to aerate a waste gas into the first photo-
bioreactor set and aerate air into the second photobiore-
actor set for a first predetermined time, and aerate the
waste gas into the second photobioreactor set and aerate
the air into the first photobioreactor set for a second
predetermined time,
wherein the first photobioreactor set and the second pho-
tobioreactor set comprise a microalgae species.
2. The microalgae cultivation module as claimed in claim
1, wherein the gas switching device comprises a gas switcher
communicating to the first photobioreactor set and the second
photobioreactor set.
3. The microalgae cultivation module as claimed in claim
1, wherein the gas switching device comprises:
a first gas switcher communicating to the first photobiore-
actor set; and
a second gas switcher communicating to the second pho-
tobioreactor set.
4. The microalgae cultivation module as claimed in claim
1, wherein the first photobioreactor set and the second pho-
tobioreactor set respectively comprise at least one photo-
bioreactor.
5. The microalgae cultivation module as claimed in claim
1, wherein the first photobioreactor set and the second pho-
tobioreactor set respectively comprise a photobioreactor
array constituted by a plurality of photobioreactors connected
in parallel.
6. The microalgae cultivation module as claimed in claim
1, further comprising an air supply device directly or indi-
rectly communicating to the first photobioreactor set and the
second photobioreactor set.
7. The microalgae cultivation module as claimed in claim
1, further comprising a waste gas supply device communicat-
ing to the gas switching device.
8. The microalgae cultivation module as claimed in claim
1, further comprising a desulfurization device configured to
remove a sulfur containing gas in the waste gas before the
waste gas is supplied to the first photobioreactor set and the
second photobioreactor set.
9. The microalgae cultivation module as claimed in claim
1, further comprising a sensor system configured to detect a
content of at least one gaseous component in the first photo-
bioreactor set and the second photobioreactor set.
10. The microalgae cultivation module as claimed in claim
1, wherein the control unit controls a switching method of the
gas switching device in a continuous time series generated by
alternating the first predetermined time and the second pre-
determined time.



